a9 United States

20010054711A

a» Patent Application Publication o) Pub. No.: US 2001/0054711 A1l

Numao 43) Pub. Date: Dec. 27, 2001
(54) EMITTER, EMITTING DEVICE, DISPLAY (52) US.CL o 257/72; 257/84; 257/88
PANEL, AND DISPLAY DEVICE
(76) Tnventor: Takaji Numao, Kashiwa-shi (JP) (57 ABSTRACT

Correspondence Address:

Dike, Bronstein, Roberts & Cushman LLP
130 Water Street

Boston, MA 02109 (US)

(21) Appl. No.: 09/876,584

(22) Filed: Jun. 7, 2001
30) Foreign Application Priority Data
Jun. 7, 2000 (JP) coooooemccrrecreccne 2000-171246

Publication Classification

(1) Int. CL7 oo HOLL 29/04; GO9G 3/32

S.

N

Each pixel of an EL display panel includes a diode element,
an organic EL element, and a capacitor. The cathode of the
diode element, the anode of the organic EL element, and one
of the electrodes of the capacitor are electrically connected
to one another at a common terminal. The anode of the diode
element is connected to a signal electrode. The other elec-
trode of the capacitor is connected to a scanning electrode.
The cathode of the organic EL element is connected to the
scanning electrode. A forward direction of the diode element
and a forward direction of the organic EL element coincide.
The voltage between the scanning electrodes is controlled to
control the current flowing through the organic EL element.
As a result, it is possible to provide an emitter having stable
luminance with improved efficiency, and an emitting device
and a display panel employing such an emitter.
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EMITTER, EMITTING DEVICE, DISPLAY PANEL,
AND DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to an emitter, an
emitting device, a display panel, and a display device which
employ self-emitting emitting elements such as a thin-film
EL (Electro Luminescence) or an FED (Field Emission
Device).

BACKGROUND OF THE INVENTION

[0002] Display panels employing a self-emitting emitting
element, as represented by an organic EL (Electro Lumi-
nescence) display panel or an FED, have a promising future
as a candidate for a flat display panel which can match up
against liquid crystal displays.

[0003] FIG. 19(a) and FIG. 19(b) show structures of a
blue-color emitting organic EL element which was intro-
duced in the SID 97 DIGEST pp. 1073-1076. FIG. 19(a) is
a cross sectional view showing a structure of a conventional
blue-color emitting organic EL element 311, and FIG. 19(b)
is a structural formula of an emitting layer 307 of FIG.
19(a).

[0004] The blue-color emitting EL element 311 has a
structure in which a transparent anode (transparent elec-
trode) 302 such as ITO is formed on a glass 301, and an
organic multi-layered film 304 is formed thereon. On the
organic multi-layered film 304 is formed a cathode 303 such
as Al. Among several structures of the organic multi-layered
film 304 the foregoing publication adopts a structure in
which a hole injecting layer 305, a hole transporting layer
306, an emitting layer 307, and an electron transporting
layer 308 are stacked on the anode 302. Further, the fore-
going publication discloses a structure for realizing full-
color display by subjecting the monochromatic blue color
luminescence to color-conversion with the use of a color-
conversion filter. The emitting layer 307 has such a structure
with the structural formula (biphenyl (DPVBIi: provided by
Idemitsu Kousan Co., Lid.)) as shown in FIG. 19(b).

[0005] FIG. 20 is a structure of a conventional emitting
organic EL element of three colors R, G, and B, as taught by
NEC TECHNICAL JOURNAL Vol. 51 No. 10/1998 pp.28-
32 (published date: Oct. 23, 1998), showing a cross sectional
view of a pixel structure of the emitting organic EL element
of three colors R, G, and B. Note that, in FIG. 20, structural
elements which are analogous to those shown in FIG. 19(a)
are given the same reference numerals. On a glass 301 is
formed a transparent anode 302 such as ITO (the structure
is upside down in FIG. 20), and an organic multi-layered
film 304 is formed thereon. On the organic multi-layered
film 304 is formed a cathode 303 such as Al. Among several
structures of the organic multi-layered film 304, the fore-
going publication adopts a structure in which a hole trans-
porting layer 306, an emitting layer 307, and an electron
transporting layer 308 are stacked on the anode 302. Further,
in this publication, a hole injecting layer (not shown) and the
hole transporting layer 306 are made of an aromatic amine
material. That is, Further, in the emitting layer 307, a red
emitting layer 307R is made of a G (green) emitting material
as a host doping a pigment DCM for a red (R) laser, and a
green emitting layer 307G and a blue emitting layer 307B
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are made of an aromatic amine material. The electron
transporting layer 308 is made of a metal complex material.

[0006] Various other materials for the organic multi-lay-
ered film 304 can be found in many Japanese Unexamined
Patent Publications, including, for example, Tokukaihei
5-70773 (published date: Mar. 23, 1993), Tokukaihei
5-198377 (published date: Aug. 6, 1993), and Tokukaihei
6-172751 (published date: Jun. 21, 1994).

[0007] FIG. 21 is a perspective view showing a structure
of a simple-matrix-type EL panel (EL display panel) using
such an organic EL element. Specifically, a plurality of
anodes 2 extending in one direction and the cathodes 3
extending in a direction orthogonal to the anodes 2 are
formed on a glass 1 with the organic multi-layered film 4
therebetween, thus making the simple-matrix-type EL panel,
with the areas of intersections of the anodes 2 and the
cathodes 3 making up pixels.

[0008] FIG. 22 is a graph showing a relation between a
voltage between the cathode 303 and the anode 302 (cath-
ode-anode voltage) and a current through the emitting layer
307 in the organic EL element as shown in FIG. 19 and FIG.
20. Also, FIG. 23 is a graph showing a relation between a
current through the emitting layer 307 and luminance. As
shown in FIG. 23, in the organic EL element, the current
through the emitting layer 307 and the luminance are nearly
proportionally related, which, however, is not the case for
the relation between the cathode-anode voltage and the
current through the emitting layer 307, which varies depend-
ing on such factors as temperature, as shown in FIG. 22.

[0009] Thus, the organic EL element is preferably driven
by controlling current, rather than voltage, to stabilize
luminance. As such is the case, the column (data) driver
circuit for driving the organic EL element preferably has a
structure as shown by a current-controlling driver circuit 116
in FIG. 24. FIG. 24 is a block diagram showing a structure
of the matrix-type EL panel.

[0010] Here, the current-controlling driver circuit 116 is
structured such that the voltage generated by the column
driver circuit 112 is converted to current by a current control
circuit (variable constant current circuit) 115. Apart from the
question as to whether such a structure is preferable or not,
the use of a current-controlling driver circuit is nonetheless
preferable in the organic EL element.

[0011] In this structure, the current-controlling driver cir-
cuit 116 is connected to the anodes 2 of the EL panel 110 (as
shown in FIG. 2), and a row (scanning) driver circuit 111 is
connected to the cathodes 3, thus structuring the matrix-type
EL panel. Note that, the column driver circuit 112 has a
structure wherein a shift register 113 receives data according
to luminance of respective colors R, G, and B (red, green,
and blue), which are then transferred by a clock CLK and
held in a sample hold circuit 114 by a data hold timing pulse
LP, and a current is outputted from the current control circuit
115 based on this data.

[0012] A driving method of such a matrix-type EL panel
of a simple matrix structure is disclosed in PIONEER R&D
Vol. 8 No. 3, pp.41-49 (published date: Dec. 31, 1998). The
following describes a driving method of the simple-matrix-
type EL panel with reference to FIG. 25. FIG. 25 is a circuit
diagram showing a driving circuit of the simple-matrix-type
EL panel.



US 2001/0054711 Al

[0013] The potential of a selected row (scanning) elec-
trode K2 is dropped to a GND potential, and the other row
electrodes are set to a specific potential (here, about 10 V).
Display is carried out in such a manner that constant currents
are flown through column (data) electrodes A2 and A3 of
their respective pixels E, , and E,  to be displayed, and the
column electrodes which correspond to pixels not to emit
light are set to an open state.

[0014] Further, in order to carry out multi-tone display on
pixels, the current supplied from the column electrode is
controlled according to a tone level to be displayed on the
pixel. This current control is carried out by (1) a current
value modulation tone control method, in which the inten-
sity of the current outputted to the column electrodes
(anodes 2 in FIG. 24) from the current control circuit 115 is
changed according to the luminance of pixels to be dis-
played, and (2) a pulse width modulation tone control
method, in which a supply time of a current is changed
according to the luminance of pixels to be displayed, while
holding the currents outputted to the column electrodes at a
constant level.

[0015] Meanwhile, a structure of an active-matrix-type EL
panel using diodes is shown, for example, in Tokukaihei
10-268798 (published date: Oct. 9, 1998).

[0016] FIG. 26 shows an equivalent circuit of a pixel of
the EL panel of this publication. FIG. 26 is a circuit diagram
showing an equivalent circuit of the active-matrix-type EL
panel using diodes. A pixel 12 includes an organic EL
element 13, an additional capacitance (auxiliary capaci-
tance) 14, an additional resistance 15, and an MIM (Metal
Insulator Metal) diode 16 as the pixel driving element.

[0017] The pixel 12 of the EL panel has a structure as
shown in FIG. 27(a) and FIG. 27(b), in which FIG. 27(a)
is a plan view showing the structure of the pixel 12 of FIG.
26, and FIG. 27(b) is a cross sectional view, taken along the
line A-A of FIG. 27(a). The MIM diode 16 has a stacked
structure of a cathode electrode 21 made of tantalum, an
insulating film 22 made of a silicon oxide film, and an anode
electrode 23 made of chrome, and is formed on an insulating
substrate 31. The additional resistance 15 is made up of a
wiring layer which is formed on the insulating substrate 31,
making up a portion of the anode electrode 23 of the MIM
diode 16 extending on the insulating substrate 31.

[0018] The additional capacitance 14 is composed of
electrodes 41 and 42 opposing each other, and an insulating
film 43. The electrode 41, made of tantalum, is formed on
the insulating substrate 31. On the electrode 41 is formed the
electrode 42, made of chrome, via the insulating film 43
made of a silicon oxide film. Further, the electrode 42 is
connected to the wiring layer making up the additional
capacitance 15. Here, the electrode 41 is formed simulta-
neously with the cathode electrode 21 of the MIM diode 16,
and the electrode 42 is simultaneously formed with the
anode electrode 23 of the MIM diode 16, and the insulating
film 43 is simultaneously formed with the insulating film 22
of the MIM diode 16.

[0019] The organic EL element 13 has a stacked structure
of an anode 51 made of a transparent electrode such as ITO,
a hole transporting layer 52, an emitting layer 53, an electron
transporting layer 54, and a cathode 55 made of aluminium
alloy. The hole transporting layer 52, the emitting layer 53,
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and the electron transporting layer 54 are made of organic
compounds. The cathode 55 is formed on the electrode 42
making up the additional capacitance 14, via the insulating
film 56 made of a silicon oxide film. Further, the cathode 55
is connected to the anode electrode 23 of the MIM diode 16
via a contact hole 57 which is formed through the insulating
film 56. The anode 51 is connected to the electrode 41 of the
additional capacitance 14 via a contact hole 58 which is
formed through the insulating film 43 and the insulating film
56.

[0020] A structure of the foregoing EL panel and a driving
system of the EL panel is shown in FIG. 28. FIG. 28 is a
block diagram showing a structure of the active-matrix-type
EL panel using diodes.

[0021] An EL display device 84 includes an EL panel 81,
a gate driver 82, and a drain driver (data driver) 83. On the
EL panel 81 are disposed gate wires (scanning lines) G4, . . .,
G,.G,.,;, .., G,, and drain wires (data lines) D,, ..., D,,
D,.1s...,D,. The gate wires G, through G_, and the drain
wires D, through D_ are orthogonal to each other, and the
areas where they cross each other make up pixels 12. That
is, the EL panel 81 is made up of the pixels 12 which are
disposed in a matrix pattern. The gate wires G, through G,
are connected to the gate driver 82 for receiving gate signals
(scanning signals). Further, the drain wires D, through D_
are connected to the drain driver 83 for receiving data
signals.

[0022] Here, the gate wires G, through G, are made up of
cathode electrodes 21 of the MIM diode 16. Further, the
drain wires D, through D, are made up of electrodes 41 of
the additional capacitance 14 extending on the insulating
substrate 31 (FIG. 27(a) and FIG. 27(b)).

[0023] The following describes a driving method of the EL.
panel 84 with reference to FIG. 26 through FIG. 28. By
controlling the voltage of the gate wire G, so that the voltage
between the gate wire G, and the drain wire D, becomes
higher than the threshold voltage of the MIM diode 16, the
MIM diode 16 becomes conducted. This sets off charging
the electrostatic capacitance of the organic EL element 13,
and the additional capacitance 14 by the data signal applied
to the drain wire D, thus applying the data signal to the
pixel 12. This data signal drives the organic EL element 13,
and the organic EL element 13 emits light as a result.

[0024] On the other hand, when the voltage of the gate
wire G, is controlled so that the voltage between the gate
wire G, and the drain wire D, becomes lower than the
threshold voltage of the MIM diode 16, the MIM diode 16
becomes non-conducted. In this case, the data signal which
had been applied to the drain wire D, up to this time is held
in the form of a charge by the electrostatic capacitance of the
organic EL element 13, and the additional capacitance 14.
By thus supplying data signals to be applied to the pixels 12
to the drain wires D, through D_, and by controlling the
voltages of the gate wire G, through G, any data signal can
be held by the pixels 12. The organic EL element 13 can be
driven continuously, i.e., can emit light, until the MIM diode
16 becomes non-conducted again.

[0025] Further, a structure of the active-matrix-type EL
panel using a FET (Field Effect Transistor), or, in particular,
a thin film transistor (TFT) is shown, for example, in
Tokukaihei 8-234683 (published date: Sep. 13, 1996).
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[0026] An equivalent circuit of the EL panel as disclosed
in this publication is shown in FIG. 29. FIG. 29 is a circuit
diagram showing an equivalent circuit of pixels of the EL
panel of the active-matrix-type EL panel using TFTs. A
two-dimensional structure of pixels of the EL panel is as
shown in FIG. 30. FIG. 30 is a plan view of pixels of the
active-matrix-type EL panel using TFTs.

[0027] Each pixel 212 of the EL panel includes two TFTs
213 and 214, a memory capacitor 215, and an organic EL
element 216. The source of the TFT 213 is connected to a
source bus (column electrode, source line 152), and the gate
of the TFT 213 is connected to a gate bus (row electrode,
gate line 151). To the drain of the TFT 213 are connected in
parallel one of the terminals of the memory capacitor 215
and the gate of the TFT 214. The other terminal of the
memory capacitor 215 and the source of the TFT 214 are
connected to a ground pass 153, and the drain of the TFT 214
is connected to the anode (EL anode layer 418) of the
organic EL element 216. The cathode of the organic EL
element 216 is connected to a negative power source (not
shown).

[0028] The TFT 214 and the memory capacitor 215 of the
EL panel as shown in FIG. 30 has cross sectional structures
as shown in FIG. 32 and FIG. 33, respectively. FIG. 32 is
a cross sectional view taken along the line B-B of FIG. 30,
and FIG. 33 is a cross sectional view taken along the line
C-C of FIG. 30. The TFT 214 and the memory capacitor 215
are fabricated as follows.

[0029] A polysilicon layer 411 is deposited on a transpar-
ent insulating substrate 410 made of a material such as
crystal or low-temperature glass, and the polysilicon layer
411 is patterned in the form of an “island” by photolithog-
raphy. Then, an insulating gate material 412 such as silicon
dioxide is deposited in the thickness of about 1000 A on the
surfaces of the polysilicon layer 411 of the island shape and
the insulating substrate 410.

[0030] Then, a polysilicon layer 413 made of amorphous
silicon is deposited on the gate insulating layer 412, and is
patterned by photolithography on the polysilicon island so
that source and drain areas are formed in the polysilicon area
after ion implantation. The ion implant is conducted with an
N-type dopant, for which arsenic is used. The polysilicon
gate electrode 413 also serves as a base electrode 4134 of the
capacitor 215. The gate bus 414 is made of metal silicides
such as tungsten silicide (WSi,) and is patterned.

[0031] Thereafter, an insulating layer 415 such as silicon
dioxide is deposited over the entire surface of the device. A
portion of the insulating layer 415 is used to form contact
holes 4164 and 417a, etc., so as to provide a junction in the
thin film transistor. An electrode material 416, which is
provided in contact with the source area of the TFT 214, also
makes up an upper electrode 416b of the capacitor 215. The
source bus and the ground bus are also formed on the
insulating layer 415. The EL anode layer (transparent elec-
trode) 418 made of a material such as ITO is in contact with
the drain area of the TFT 214, and makes up an anode of the
organic EL element 216.

[0032] Then, an insulating passivation layer 419 such as
silicon dioxide is deposited on the surface of the device in
the thickness of about 0.5 ym to about 1 um. The passivation
layer 419 is tapered toward an edge 420 on the side of the
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ITO. The organic EL layer 421 is deposited on the passiva-
tion layer 419 and the EL anode layer 418. Finally, the
cathode 422 of the organic EL element 216, which is made
of a metallic material such as aluminium is deposited on the
surface of the device.

[0033] The organic EL layer 421 is available in several
different structures. For example, the foregoing Tokukaihei
8-234683 discloses a structure of organic EL layer 421
which includes organic hole injection and a moving band in
contact with an anode, and electron injection and a moving
band for forming a junction with the organic hole injection
and the moving band. The Tokukaihei 8-234683 also dis-
closes a structural formula of such an organic layer.

[0034] The foregoing circuit operates in the following
manner. A voltage for switching ON the TFT 213 is applied
to the gate line 151. Then, the TFT 214 is switched ON while
accumulating the supplied charge from the source line 152
in the memory capacitor 215. The conduction state of the
TFT 214 is also controlled by the stored charged in the
memory capacitor 215, even after the TFT 214 is switched
OFF, so as to control the current flow through the organic EL
¢lement 216.

[0035] FIG. 23 shows that the luminance of the organic
EL element is nearly proportional to the current. In relation
to this, the applied voltage to the organic EL element is
related to luminance or luminous efficiency as shown in
FIG. 31. FIG. 31 is a graph showing a relation between the
applied voltage to the organic EL element, and luminance or
luminous efficiency.

[0036] The luminous efficiency is determined as follows.
Luminance L of the organic EL element and current I
through the organic EL element are related by

L=A(Dx!

[0037] (where A(I) is a function which approaches zero
when current I is small, and which takes a constant value
when current [ exceeds a certain value). Further, power
consumption W of the organic EL element is related to
applied voltage V and current I by

W=Vxl.

[0038] Thus, luminous efficiency L/W of the organic EL
element is

LIW=ADDAV<D=ADIV M-
[0039] For example, as shown in FIG. 31, the luminous
efficiency /W takes the value 22 [Im/W] at the applied
voltage of 3 [V], at which the luminance is 100 [cd/m?].
Further, the luminous efficiency is 15.5 [Im/W] at the
applied voltage of 4.4 [V], at which the luminance is 1000
[cd/m?]. This behavior wherein the luminous efficiency L/'W
once increases with increase in potential V and then
decreases can be explained by the function A(I), which
shows an abrupt increase with increase in current I up to a
certain current I, and which takes almost a constant value
above this current 1. Further, it can be speculated that the
luminous efficiency L/W shows the maximum value in the
vicinity of where the function A(I) takes almost a constant
value.

[0040] In the structure of the simple-matrix-type EL panel,
when the number of scanning lines is m, the duration of
emission of the organic EL element making up the pixel is
only 1/m of the total scanning period. Thus, in order to
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obtain the same Iuminance in this pixel as that of a device
of a constant-luminescence-type, each duration of emission
needs to show spontaneous luminance m times that of the
constant-luminescence-type device.

[0041] Ingeneral,the luminance of white display in laptop
personal computers, etc., is around 100 [cd/m?]. Thus, when
the number of scanning lines is 100 or more, the required
spontaneous luminance for the pixel exceeds 10000 [cd/m?].

[0042] However, in the currently available organic EL
elements, as shown in FIG. 31, the spontaneous luminance
(luminance L) at which the luminous efficiency L/W
becomes maximum is around 10 to 100 [cd/m*]. Thus, when
such an organic EL element is to be used in a display with
the number of scanning lines exceeding 100, the organic EL
element needs to be used at low luminous efficiency [/W in
the simple-matrix-type EL panel.

[0043] In view of this drawback, the active-matrix-type
EL panel using diodes as disclosed in the foregoing Toku-
kaihei 10-268798, and the active-matrix-type EL panel using
FETs as disclosed in the foregoing Tokukaihei 8-234683
intended to increase the duration of emission of the organic
EL element larger than 1/m of the total scanning period.

[0044] However, In the equivalent circuit as shown in
FIG. 26, which is the EL panel using diodes, the equivalent
circuit will be in the form of an RC serial circuit (resistance-
capacitance serial circuit) when the MIM diode 16 becomes
non-conducted. Here, the capacitance (capacitance value C)
corresponds to the additional capacitance 14 of FIG. 26, and
the resistance (resistance value R) presumably corresponds
to the sum of the additional resistance 15 (resistance value
r) of FIG. 26 and the internal ON resistance of the organic
EL element 13 during conduction.

[0045] The current I(t) through the organic EL element 13
is
I(1)=(qo/RC)exp(-4RC) (@)

[0046] (where t is the elapsed time from the beginning of
the non-conduction state of the MIM diode 16, and q,, is the
charge held in the additional capacitance 14 when time t=0).
The charge g, held in the additional capacitance 14 and the
voltage V_ generated in the additional capacitance 14 are
related by

Vo=¢./C.

[0047] 1In order to improve luminous efficiency over the
simple-matrix-type panel, assuming that the voltage V_ is
decided by the withstand voltage of the source driver, it can
be seen from equation (1) that the peak value of current I(t)
(current I(0)=V_/R when t=0) needs to be reduced. This
requires that the resistance value r of the additional resis-
tance 15 be increased. Note that, since luminance is decided
by charge (charge=current valuexdischarge time at this
current value), the luminance will not be changed even when
the current is decreased, as long as the discharged charge is
constant (because the discharge time is usually short).

[0048] However, when the resistance value r of the addi-
tional resistance 15 is increased, the time constant RC of the
equivalent circuit of FIG. 26 is increased as well. This
causes the problem of increased time period for charging the
additional capacitance 14. This problem can be solved by
increasing the voltage supplied from the source driver,
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which, however, requires the source driver to have a high
withstand voltage, and causes another problem of increased
cost of the source driver.

[0049] Further, comparing the charging by decreasing the
resistance value of the additional resistance 15 and the
voltage supplied from the source driver, with the charging by
increasing the resistance value of the additional resistance
15 and the voltage supplied from the source driver, the
intensity of the current I(t) and the way it flows will be the
same between these two methods, provided that the stored
charge in the capacitance (capacitance value C) and the
charging time are both constant. Since the calorific value of
the additional resistance 15 is decided by the product of the
square of current and the resistance value, the problem of
calorific value in the charging time will be caused as the
resistance value is increased.

[0050] Further, in this case, the current I(t) through the
organic EL element 13 shows an exponential change. Thus,
the high luminous efficiency state of the organic EL element
13 cannot be maintained constantly, and further, the low
luminous efficiency state may be caused by the change in
current I(t). Thus, it is difficult to sufficiently improve the
luminous efficiency as with the foregoing case.

[0051] Increasing the additional resistance also poses a
problem in particular that the generated heat by the current
flow through the additional resistance 15 during the charg-
ing/discharging period of the additional capacitance C does
not contribute to luminescence.

[0052] Meanwhile, the active-matrix-type EL panel using
TFTs has the following problems. In the active-matrix-type
EL panel, the threshold characteristics between the gate and
source of the TFT 214 in the equivalent circuit of FIG. 29
do not become uniform within the panel and there is a
variance. This variance further causes a variance in a voltage
drop between the source and drain, or between the gate and
drain, which results in variance in luminance of the organic
EL element 216 in the panel.

[0053] Further, in this case, the organic EL element 216 is
driven by voltage control. Thus, compared with the forego-
ing case where the organic EL element 216 is driven by
current control, luminance becomes instable.

[0054] Further, in the case where the organic EL element
216 is displaying tones under the control of the gate voltage
of the TFT 214, the current flow through the organic EL
element 216 is varied according to the tone level. As a result,
the Iuminous efficiency of the organic EL element 216 is
changed according to tones, failing to drive the organic EL.
element 216 by the current of a range which intends to
increase luminous efficiency. Thus, it is also difficult in this
case to sufficiently improve luminous efficiency.

SUMMARY OF THE INVENTION

[0055] The present invention was made to solve the fore-
going problems, and it is an object of the present invention
to provide an emitter which has stable luminance while
improving luminous efficiency, and an emitting device, a
display panel, and a display device using the same.

[0056] 1In order to achieve the foregoing object, an emitter
of the present invention includes: an active element, having
a first terminal and a second terminal, which is adapted to
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switch between the first terminal and the second terminal; an
diode emitting element having a first terminal and a second
terminal; and a capacitor having a first terminal and a second
terminal, wherein: the respective first terminals of the active
element, the diode emitting element, and the capacitor are
electrically connected to one another, and potentials are
individually set for the respective second terminals of the
active element, the diode emitting element, and the capaci-
tor, while controlling a switching operation of the active
element.

[0057] With this arrangement, by the application of a
predetermined potential difference between the second ter-
minal of the capacitor and the second terminal of the active
element while the active element is in a conduction state, the
capacitor can store a predetermined amount of charge
(selected period).

[0058] Further, by varying a potential difference between
the second terminal of the capacitor and the second terminal
of the diode emitting element so as to discharge the stored
charge in the capacitor while the active element is in a
non-conduction state, the diode emitting element can emit
light according to the amount of stored charge in the
capacitor (non-selected period). Note that, in order to vary
the potential difference between the second terminal of the
capacitor and the second terminal of the diode emitting
element, for example, the respective potentials of the second
terminals are converged to an equal potential.

[0059] By successively carrying out the foregoing opera-
tion, the quantity of light emitted by the diode emitting
element can be decided according to the potential difference
(or a current which is flown by the potential difference)
which is applied when charging the capacitor. Thus, the
foregoing arrangement allows luminescence in tones.

[0060] By this tone luminescence according to the amount
of charge which flows through the diode emitting element,
the stability of luminance with respect to such factors as
temperature can be improved compared with the case where
light is emitted in tones by controlling the applied voltage to
the diode emitting element.

[0061] Here, when charging the capacitor, the amount of
stored charge can also be controlled, if the variance in
capacitance of the capacitors is small, by accurately con-
trolling, for example, the potential between the second
terminal of the capacitor and the second terminal of the
active element. This realizes accurate tone luminescence.

[0062] Note that, even when the variance in capacitance of
the capacitors is large, for example, by controlling a poten-
tial between the second terminal of the capacitor and the
second terminal of the active element by monitoring the
current flow between the two terminals when charging the
capacitor, the amount of stored charge can be accurately
controlled. This realizes tone luminescence more accurately.

[0063] Further, when the diode emitting element is emit-
ting light, the current which flows through the diode emitting
element can be controlled by controlling a change in poten-
tial difference between the second terminal of the capacitor
and the second terminal of the diode emitting element. That
is, when the diode emitting element emits light by drawing
the charge stored in the capacitor in the form of a current, the
current flow can be controlled. This allows a current flow
which would increase luminous efficiency, and the diode
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emitting element can emit light with high efficiency. Thus,
luminous efficiency of the diode emitting element can be
improved.

[0064] Here, the emission of the diode emitting element
can be stopped by further controlling the potential of the
second terminal of the diode emitting element with respect
to the potential of the second terminal of the active element.
This prevents a current flow which would cause lumines-
cence of the diode emitting element with low luminous
efficiency through the diode emitting element, when charg-
ing the capacitor.

[0065] Further, the foregoing arrangement does not espe-
cially require an additional resistance for controlling the
current flowing through the diode emitting element. Thus, it
is possible to prevent increase in time constant when charg-
ing the capacitor, and thus reducing the charging time.
Further, it is possible to suppress heat generation due to the
current flow through the additional resistance, or decrease in
luminous efficiency due to the generated heat.

[0066] As described, the emitter having the foregoing
arrangement can improve luminous efficiency of the diode
emitting element, and suppress increase in time constant
when charging the capacitor, and emit light in tones both
accurately and stably.

[0067] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] FIG. 1 is a circuit diagram showing an equivalent
circuit of pixels in an EL panel according to a First Embodi-
ment of the present invention.

[0069] FIG. 2 is a timing chart showing changes in
potentials of electrodes when driving the EL panel according
to the First Embodiment of the present invention.

[0070] FIG. 3(a) through FIG. 3(c) are schematic draw-
ings showing states of a pixel when driving the EL panel
according to the First Embodiment of the present invention,
in which FIG. 3(a) shows a selected state; FIG. 3(b) shows
a non-selected state 1; and FIG. 3(c) shows a non-selected
state 2.

[0071] FIG. 4(a) through FIG. 4(c) are modification
examples according to the First Embodiment of the present
invention, corresponding to FIG. 3(a) through FIG. 3(c),
respectively.

[0072] FIG. 5 is a circuit diagram showing an equivalent
circuit of pixels in an EL panel according to a Second
Embodiment of the present invention.

[0073] FIG. 6 is a timing chart showing changes in
potentials of electrodes when driving the EL panel according
to the Second Embodiment of the present invention.

[0074] FIG. 7(a) through FIG. 7(c) are schematic draw-
ings showing states of a pixel when driving the EL panel
according to the Second Embodiment of the present inven-
tion, in which FIG. 7(a) shows a selected state; FIG. 7(b)
shows a non-selected state 1, and FIG. 7(c) shows a
non-selected state 2.
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[0075] FIG. 8(a) through FIG. 8(c) are modification
examples according to the Second Embodiment of the
present invention, corresponding to FIG. 7(¢) through FIG.
7(c), respectively.

[0076] FIG. 9 is a circuit diagram showing an equivalent
circuit of pixels in an EL panel according to a Third
Embodiment of the present invention.

[0077] FIG. 10 is a timing chart showing changes in
potentials of electrodes when driving the EL panel according
to the Third Embodiment of the present invention.

[0078] FIG. 11(a) through FIG. 11(c) are schematic draw-
ings showing states of a pixel when driving the EL panel
according to the Third Embodiment of the present invention,
in which FIG. 11(a) shows a selected state; FIG. 11(b)
shows a non-selected state 1; and FIG. 11(c) shows a
non-selected state 2.

[0079] FIG. 12(a) through FIG. 12(c) are modification
examples according to the Third Embodiment of the present
invention, corresponding to FIG. 11(a) through FIG. 11(c),
respectively.

[0080] FIG. 13 is a circuit diagram showing an equivalent
circuit of pixels in an EL panel according to a Fourth
Embodiment of the present invention.

[0081] FIG. 14 is a timing chart showing changes in
potentials of electrodes when driving the EL panel according
to the Fourth Embodiment of the present invention.

[0082] FIG. 15(a) through FIG. 15(c) are schematic
drawings showing states of a pixel when driving the EL
panel according to the Fourth Embodiment of the present
invention, in which FIG. 15(a) shows a selected state; FIG.
15(b) shows a non-selected state 1; and FIG. 15(c) shows a
non-selected state 2.

[0083] FIG. 16(a) through FIG. 16(c) are modification
examples according to the Fourth Embodiment of the
present invention, corresponding to FIG. 15(a) through
FIG. 15(c), respectively.

[0084] FIG. 17(a) is a cross sectional view showing a
structure of an organic EL element used in the embodiments
of the present invention, in which FIG. 17(b) is a structural

formula showing an exemplary material of an emitting layer
of FIG. 17(a).

[0085] FIG. 18 is a block diagram showing a structure of
the EL panel and its driving system according to the embodi-
ments of the present invention.

[0086] FIG. 19(a) is a cross sectional view showing a
structure of a conventional blue-color emitting organic EL
clement, and FIG. 19(b) is a structural formula of an
emitting layer of FIG. 19(a).

[0087] FIG. 20 is a cross sectional view showing a pixel
structure of a conventional emitting organic EL element of
three colors R, G, and B.

[0088] FIG. 21 is a perspective view showing a structure
of a simple-matrix-type EL panel using organic EL ele-
ments.

[0089] FIG. 22 is a graph showing a relation between (i)
a voltage between a cathode and anode of the organic EL
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element as shown in FIG. 19 and FIG. 20 and (ii) a current
flowing through the emitting layer.

[0090] FIG. 23 is a graph showing a relation between (i)
a current flowing through the emitting layer of the organic
EL element as shown in FIG. 19 and FIG. 20 and (ii)
luminance.

[0091] FIG. 24 is a block diagram showing a structure of
a conventional matrix-type EL panel.

[0092] FIG. 25 is a circuit diagram showing a driving
circuit of a conventional simple-matrix-type EL panel.

[0093] FIG. 26 is a circuit diagram showing an equivalent
circuit of a pixel of a conventional active-matrix-type EL
panel using diodes.

[0094] FIG. 27(a) is a plan view showing a structure of
the pixel of FIG. 26, and FIG. 27(b) is a cross sectional
view, taken along the line A-A of FIG. 27(a).

[0095] FIG. 28 is a block diagram showing a structure of
a conventional active-matrix-type EL panel using diodes.

[0096] FIG. 29 is a circuit diagram showing an equivalent
circuit of pixels in a conventional active-matrix-type EL
panel using TFTs.

[0097] FIG. 30 is a plan view of a pixel of the conven-
tional active-matrix-type EL panel using TFTs.

[0098] FIG. 31 is a graph showing a relation between an
applied voltage of an organic EL element, and luminance or
luminous efficiency.

[0099] FIG. 32 is a cross sectional view, taken along the
line B-B of FIG. 30.

[0100] FIG. 33 is a cross sectional view, taken along the
line C-C of FIG. 30.

DESCRIPTION OF THE EMBODIMENTS

[0101] The following will describe embodiments of the
present invention with reference to FIG. 1 through FIG. 19.

[0102] Organic EL (Electro Luminescence) elements used
in the embodiments of the present invention has a structure,
for example, as shown in FIG. 17(a) and FIG. 17(b), in
which FIG. 17(a) is a cross sectional view showing a
structure of an organic EL element (diode emitting element)
11 used in the embodiments of the present invention; and
FIG. 17(b) is a structural formula of an exemplary material
of an emitting layer 7 of FIG. 17(a).

[0103] The organic EL element 11 has a structure wherein
a transparent anode (transparent electrode) 2 such as ITO is
formed on a glass 1, and an organic multi-layered film 4 is
formed thereon. On the organic multi-layered film 4 is
formed a cathode 3 made of a material such as MgAg, Ca,
AlLi, or Al. Among several structures of the organic multi-
layered film 4, the embodiments of the present invention
adopt a stacked structure of the anode 2, a hole injecting
layer 5 of a material such as CuPc, polyaniline or poly-
thiophene, a hole transporting layer 6 of a material such as
TPD or a-NPD, the emitting layer 7, and an electron
transporting layer 8 of a material such as oxadiazole or Alq3.
The emitting layer 7 is made of a material, for example, such
as biphenyl (DPVBi: provided by Idemitsu Kousan Co.,
Ltd.) which emits blue light and has the structural formula



US 2001/0054711 Al

as shown in FIG. 17(b). Further, the organic EL element 11
may be combined with a color-conversion filter to be com-
patible with full-color display by converting the monochro-
matic light emitted by the organic EL element 11.

[0104] Note that, the EL element used in EL panels (EL
display panels) according to the embodiments of the present
invention is not just limited to the organic EL element 11 as
shown in FIG. 17(a) and FIG. 17(b), and may be other
organic EL elements including, for example, an emitting
layer 7 which is made of a material such as BAlq?2 (provided
by Eastman Kodak Co.) containing perylene which emits
blue light; an iridium complex such as Ir(ppy); which emits
green light; Alg3 containing quinacridone; and Alq3 con-
taining DCJTB which emits red light. Further, even though
the embodiments of the present invention will be explained
based on a structure for monochromatic color display, this
structure may be used in combination with other analogous
structures to effect full-color display, for example, by dis-
playing colors of R, G, and B (red, green, blue).

[0105] The process of forming the organic EL element 11
on an active substrate is similar to that in the foregoing
Tokukaihei 10-268798 or 8-234683 as described in the
BACKGROUND OF THE INVENTION section, and a
further explanation thereof is omitted here.

[0106] FIG. 18 shows an entire structure of an EL panel
having the described organic EL element 11 for each pixel.
FIG. 18 is a block diagram showing a structure of the EL
panel and its driving system according to the embodiments
of the present invention.

[0107] Tt is assumed in the following that pixels are
disposed in an array pattern (m rowsxn columns) , and the
direction of scanning lines and the direction of signal lines
(data lines) of the pixels are row direction and column
direction, respectively. The rows are numbered 1, 2, . . . , i,
..., m, and the columns are numbered 1, 2, .. .,j,.. ., n.
Where rows and columns need to be distinguished, elements
which belong to an ith row are indicated with the subscript
“1” on their reference numerals, and elements which belong
to a jth column are indicated with the subscript “j” on their
reference numerals, Further, where rows and columns need
to be distinguished, pixels and constituting elements therein
which belong to an ith row and a jth column are indicated
with the subscript “ij” on their reference numerals. Note
that, i, j, m, and n are all natural numbers, and satisfy i=m,
and jEn.

[0108] An EL panel (display panel) 100 is connected to a
row driver 101 and a column 102 for driving the EL panel
100. To the row driver 101 and the column driver 102 is
connected a controller 103 for sending image signals to the
row driver 101 and the column driver 102 and for controlling
these drivers. The row driver 101, the column driver 102,
and the controller 103 make up a control section.

[0109] The row driver 101 and the EL panel 100 are
connected to each other by two scanning connection lines rc;
and rs;, which are provided for each row. The scanning
connection lines re; and rs, are connected to scanning elec-
trodes Re; and Rs; (or scanning electrodes G; and R;), which
are to be described later. Further, the column driver 102 and
the EL panel 100 are connected to each other by a single
signal connection line s;, which is provided for each column.
The signal connection line s’ is connected to a signal
electrode s;, which is to be described later.
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[0110]

[0111] The following describes a structure of an EL panel
employing diode active elements, and its driving method,
with reference to FIG. 1 through FIG. 4. The EL panel
(display panel) of the present embodiment has a structure as
shown in FIG. 1. FIG. 1 is a circuit diagram showing an
equivalent circuit of pixels of the EL panel of the present
embodiment.

[0112] In the EL panel of the present embodiment, each
row has a scanning electrode (second scanning electrode) Re
and a scanning electrode (first scanning electrode) Rs. The
scanning electrodes Re and Rs are connected to each pixel
A of each row. Further, in the EL panel of the present
embodiment, each column has a signal electrode S. The
signal electrode S is connected to each pixel A of each
column. That is, the EL panel of the present embodiment
includes 2 m electrodes on the scanning side and n elec-
trodes on the signal side (data side).

[0113] A pixel (emitter) A; of the EL panel includes a
diode element (active element, diode active element) Dy;, an
organic EL element (diode emitting element) OL;;, and a
capacitor Cy. The cathode (first terminal) of the diode
element Dy, the anode (first terminal) of the organic EL
element OLy;, and one of the electrodes (first terminal) of the
capacitor C;; are electrically connected to one another at a
common fterminal Py;. Further, the anode (second terminal)
of the diode element Dy;, i.¢., the terminal on the other side
of the common terminal Py, is connected to the signal
electrode ;. The other electrode (second terminal) of the
capacitor Cy, i.e., the terminal on the other side of the
common terminal Py, is connected to the scanning electrode
Rc;. The cathode (second terminal) of the organic EL
element OLy, ie., the terminal on the other side of the
common terminal Py, is connected to the scanning electrode
Rs;. As a result, the forward direction of the diode element
D;; and the forward direction of the organic EL element OL;;

coincides.

[0114] The following describes the driving method of the
EL panel with reference to FIG. 2 and FIG. 3(a) through
FIG. 3(c). FIG. 2 is a timing chart showing changes in
potentials of respective electrodes when driving the EL
panel of the present embodiment. FIG. 3(a) through FIG.
3(c) are schematic drawings showing different states of the
pixel A; when driving the EL panel, in which FIG. 3(a)
shows a selected state; FIG. 3(b) shows a non-selected state
1; and FIG. 3(c) shows a non-selected state 2. Indicated by
(1) and (2), (3) and (4), and (5) and (6) in FIG. 2 is changes
in potentials which are set for the scanning electrodes Rc,
and Rs;, scanning electrodes Rc, and Rs,, and scanning
electrodes Re,, and Rs_, respectively. Further, indicated by
(7) and (8) in FIG. 2 is changes in potentials which are set
for signal electrodes S; and S, respectively. Further, indi-
cated in (9), (10), (11), and (12) in FIG. 2 is changes in
potentials at common terminals P,,, P, P,;, and P,.

[0115] Inorder to drive the EL panel, the rows are selected
successively from the first row to the mth row, so as to
charge capacitors C of pixels A in each row. The pixels A,
which became non-selected after the capacitors C are
charged, allow the organic EL elements OL to emit light
while the stored charge in the capacitors C is discharged.
Note that, the period from the selection of the first row to the
selection of the mth row makes up one field period.

[First Embodiment]
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[0116] The following explains driving of the EL panel in
more detail. When the first row is selected, the potential of
the scanning electrode Rc is brought to 0, and the potential
of the scanning electrode Rs, is brought to Ve (Ve>0) ((1)
and (2) in FIG. 2), while setting signal potentials for the
respective signal electrodes S;. The signal potentials are in
accordance with tones to be displayed by the pixel Aj; of the
first row. Here, a pixel A;; and a pixel A;, are set to V1
(V1>0) and V4 (V4>0), respectively ((7) and (8) in FIG. 2).
Here, the potentials of the respective common terminals P,
and P, of the pixels A;; and A,, gradually increase, from
the potentials before the selection, to reach the signal
potentials V1 and V4, respectively ((9) and (10) in FIG. 2).
Note that, a common signal potential will be indicated by Va.
Also, Ve is larger than maximum value Vb of the signal
potential Va (Ve>Vb=Va=0).

[0117] The state (selected state) where the pixel Ay is
selected is as shown in FIG. 3 (a) . In the selected state, the
potentials of the scanning electrode Rc; and the signal
electrode S; are set to 0 and Va, respectively. This applies a
potential difference of a forward potential state (conduction
state) to the diode element Dy, with the result that a current
is flown through the diode element Dy;. Further, a charge
according to the signal potential Va is stored in the capacitor
Cy;. Here, a positive charge is injected into the electrode of
the capacitor C;; on the side of the common terminal P;;. In
this case, since Vc is larger than maximum value Vb of the
signal potential Va, a potential difference of a reverse
potential state (non-conduction state) is applied to the
organic EL element OL;;. Thus, no current is flown through
the organic EL element OLy;, and no light is emitted there-
from.

[0118] Then, before shifting to the second row, the poten-
tials of the scanning electrode Re; and the potential of the
scanning electrode Rs; are set to Ve and 2V, respectively
(FIG. 3(b), non-selected state 1). The potential Ve of the
scanning electrode Rc; is larger than Vb, which is the
maximum value of the signal electrode S;, and there is a
potential difference Va in the capacitor Cy, and therefore, in
the non-selected state 1, a potential difference of a reverse
potential state (non-conduction state) is applied to the diode
element D;;. Accordingly, there is no flow of charge in and
out of the capacitor C; through the diode element Dy
Further, the common terminal P;; comes to have a potential
(Va+Vc) as a result. Even in this state, the potential 2Vc of
the scanning electrode Rs; is larger than the potential (Va+
Vc) of the common terminal Py, and thus a potential
difference of a reverse potential state (non-conduction state)
is applied to the organic EL element OL;;. As a result, there
is no current flow through the organic EL element OL;;, and
no light is emitted therefrom.

[0119] Then, a transition occurs from the non-selected
period 1 to the non-selected period 2. The non-selected state
may have any duration above 0. Afterward, the potential of
the scanning electrode Rs; is gradually decreased from 2Ve
to Vc, before the pixel Ay takes the next selected state (FIG.
3(c), non-selected state 2). Here, the potential of the scan-
ning electrode Rc; is maintained at Vc. As a result, at the
time when the potential of the scanning electrode Rs,
becomes smaller than the potential (Va+Vc) of the common
terminal Py, a potential difference of a forward potential
state (conduction state) is applied to the organic EL element
oL
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[0120] Here, if the capacitor C;; is storing charge which
would generate a potential difference at or above the forward
ON potential of the organic EL element OL;;, the charge will
be released via the organic EL element OL;;, starting from
the time when the potential of the scanning electrode Rs;
becomes smaller than the potential (Va+Vc) of the common
terminal P;;, until the potential of the scanning elecirode Rs;
becomes Ve. While this is occurring, the organic EL element
OL; emits light. That is, in the non-selected state 2, the
organic EL element OL; emits light by the current flow
through the organic EL element OL; according to the stored
charge in the capacitor C;; (current according to the signal
potential). This luminescence by the organic EL clement
OLij in the non-selected state 2 allows tone expression
according to the signal potential. Note that, in the applied
voltage-luminance characteristics of the organic EL element
OL; as shown in FIG. 31, which was described in the
foregoing BACKGROUND OF THE INVENTION section,
the forward ON potential of the organic EL element OL;; is
presumably about 2.2 V.

[0121] The current through the organic EL element OL;; is
based on a potential difference between the cathode and
anode of the organic EL element OL;;. The potential differ-
ence VI generated between the cathode and anode of the
organic EL element OL; is

VI=Vie+QfiCf-Vis,
[0122]

where Vrc is the potential of the scanning electrode
Re;, Qf is the charge stored in the capacitor C;;, Cf is the
capacitance of the capacitor Cy;, and Vrs is the potential of
the scanning electrode Rs;. Here, current If flowing between
the cathode and anode of the organic EL element OL; is the
change in quantity of the stored charge in the capacitor Cy;.
Thus, by differentiating the foregoing equation with respect
to time, the potential of the scanning electrode Rc,, which is
a constant, will be cancelled, so that
d(Vf)/dt=d(QfIChH/dt-d(Vrs)/dt, and therefore
CIxd(VIdi=d(Ofdi-Cixd(Vis)lde=If-Cfxd(Ves)/dr.
[0123] Here, when the potential difference Vf generated
between the cathode and anode of the organic EL element
OL, is practically fixed, d(Vd)/dt will be almost 0, and thus
the current If flowing between the cathode and anode of the
organic EL element OL;; becomes

L=Cfxd(Ves)/di.

[0124] That is, the current flow through the organic EL
element OL; can be controlled by controlling the rate of
change of the potential of the scanning electrode Rs; from
2Vc to Vg, i.e., by controlling the gradient of the potential
change of the scanning electrode Rs;.

[0125] Thus, the gradient of the potential change of the
scanning electrode Rs; is set so that the current through the
organic EL element OL;; takes a current value which causes
the organic EL element OL; to emit light with high luminous
efficiency. This makes it possible to always drive the organic
EL element OL; with high luminous efficiency, thereby
improving luminous efficiency of the EL panel.

[0126] The second row is selected after the sclected state
of the pixel A;; of the first row, or after the following
non-selected state 1. Selecting the second row, the potential
of the scanning electrode Rc, and the potential of the
scanning clectrode Rs, are set to 0 and Ve (Ve>0), respec-
tively ((3) and (4) in FIG. 2), while setting signal potentials
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for the respective signal electrodes S;. Here, a pixel A,; and
a pixel A,, are set to V4 and V2 (V2>0), respectively ((11)
and (12) in FIG. 2). Then, in the same manner as above, a
pixel A,, is set to the non-selected state 1 and the non-
selected state 2, so as to drive the pixel A,; of the second row.

[0127] In the structure of the EL panel of the present
embodiment, a near constant current is flown through the
organic EL element OL;; to allow luminescence with high
luminous efficiency, and light is emitted in tones according
to the tone levels (stored charged in capacitor Cy) by the
duration of emission within one field period. This tone
luminescence is realized by a change in potential of the
scanning electrode Rs;.

[0128] Thus, unlike the pixel structure (as shown in FIG.
26) of the EL panel using diodes as described in the
foregoing BACKGROUND OF THE INVENTION section,
it is not required to provide an additional resistance for
adjusting the time constant of luminescence between diode
element D;; and capacitor C;;. This solves the problem of
generated heat by the current flow through the additional
resistance, the problem of low luminous efficiency, and the
problem of prolonged charging time for charging the addi-
tional capacitance, which is induced by the provision of the
additional resistance.

[0129] Note that, the foregoing described the case where
the potential of the scanning electrode Rc; is Vc and the
potential of the scanning electrode Rs; is 2Vc in the non-
selected state 1 (FIG. 3())), and the potential of the scanning
electrode Rs, is varied from 2Ve to Ve in the non-selected
state 2 (FIG. 3(c)) . However, not limiting to these, as shown
in FIG. 4(a) through FIG. 4(c), the potential of the scanning
electrode Rc; may be Ve in the non-selected state 1, and the
potential of the scanning electrode Re; may be varied from
Ve to 2Vce in the non-selected state 2. FIG. 4(a) through
FIG. 4(c) are modification examples of FIG. 3(a) through
FIG. 3(¢).

[0130] Further, in order to reproduce tones more accu-
rately, it is preferable that the quantity of charge stored in the
capacitor C;; be more accurately set based on tone levels. To
this end, it 1s preferable that the current through the signal
electrode $; be monitored in the selected period, so as to
control the potential of the signal electrode S; based on the
monitored current.

[0131]

[0132] The present embodiment describes a structure and
a driving method thereof, when the polarities of the diode
element and the organic EL element are changed with
respect to the First Embodiment, with reference to FIG. 5
through FIG. 8. An EL panel (display panel) of the present
embodiment has a structure as shown in FIG. 5. FIG. § is
a circuit diagram showing an equivalent circuit of pixels of
the EL panel of the present embodiment.

[0133] The EL panel of the present embodiment has the
same structure as that of the EL panel of the First Embodi-
ment, except that the polarities of the diode element D;; and
the organic EL element OL;; are reversed with respect to the
EL panel of the First Embodiment.

[0134] That is, in a pixel (emitter) A;; of the EL panel of
the present embodiment, the anode of the diode element
(active element, diode active element) D;;, the cathode (first

[Second Embodiment]

ij»
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terminal) of the organic EL element (diode emitting ele-
ment) OL;, and one of the electrodes (first terminal) of the
capacitor C;; are electrically connected to one another at the
common terminal P;;. Further, the cathode (second terminal)
of the diode element Dy, i.¢., the terminal on the other side
of the common terminal Py, is connected to signal electrode
S;. The other electrode (second terminal) of the capacitor Cy,
i.e., the electrode on the other side of the common terminal
P, is connected to scanning electrode Re; (second scanning
electrode). The anode (second terminal) of the organic EL
clement OL;;, i.c., the terminal on the other side of the
common terminal Py;, is connected to the scanning electrode
Rs; (first scanning electrode).

[0135] The following describes the driving method of the
EL panel with reference to FIG. 6 and FIG. 7(a) through
FIG. 7(c). FIG. 6 is a timing chart showing changes in
potentials of respective electrodes when driving the EL
panel of the present embodiment. FIG. 7(¢) through FIG.
7(c) are schematic drawings showing different states of the
pixel Ay when driving the EL panel, in which FIG. 7(a)
shows a selected state; FIG. 7(b) shows a non-selected state
1; and FIG. 7(c) shows a non-selected state 2. Indicated by
(1) and (2), (3) and (4), and (5) and (6) in FIG. 6 is changes
in potentials which are set for the scanning electrodes Re,
and Rs,, scanning electrodes Rc, and Rs,, and scanning
electrodes Re,, and Rs_, respectively. Further, indicated by
(7) and (8) in FIG. 6 is changes in potentials which are set
for signal electrodes S; and S,, respectively. Further, indi-
cated in (9), (10), (11), and (12) in FIG. 6 is changes in
potentials at common terminals P,,, P,, P,,, and P,,.

[0136] Inorder todrive the EL panel, the rows are selected
successively from the first row to the mth row, so as to
charge capacitors C of pixels A in each row. The pixels A,
which became non-selected after the capacitors C are
charged, allow the organic EL elements OL to emit light
while the stored charge in the capacitors C is discharged.
Note that, the period from the selection of the first row to the
selection of the mth row makes up one field period.

[0137] The following explains driving of the EL panel in
more detail. When the first row is selected, the potential of
the scanning electrode Rc; is brought to 0, and the potential
of the scanning electrode Rs, is brought to -Vc (Ve>0) ((1)
and (2) in FIG. 6), while setting signal potentials for the
respective signal electrodes S;. The signal potentials are in
accordance with tones to be displayed by the pixel A; of the
first row. Here, a pixel A;; and a pixel A, are set to -V1
(V1>0) and -V4 (V4>0), respectively ((7) and (8) in FIG.
6). Here, the potentials of the respective common terminals
P,, and P,, of the pixels A,; and A,, gradually decrease,
from the potentials before the selection, to reach the signal
potentials -V1 and -V4, respectively ((9) and (10) in FIG.
6). Note that, a common signal potential will be indicated by
-Va. Also, —Vc¢ is smaller than minimum value —Vb of the
signal potential —Va (Ve>VbZVaZ0).

[0138] The state (selected state) where the pixel Ay is
selected is as shown in FIG. 7(q). In the selected state, the
potentials of the scanning electrode Rc; and the signal
electrode S; are set (0 0 and -Va, respectively. Thus, a
potential difference of a forward potential state (conduction
state) is applied to the diode element Dy;, with the result that
a current is flown through the diode element Dy;. Further, a
charge according to the signal potential —Va is stored in the
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capacitor C;;. Here, a negative charge is injected into the
electrode of the capacitor C; on the side of the common
terminal P;;. In this case, since —Vc is smaller than minimum
value —Vb of the signal potential —Va, a potential difference
of a reverse potential state (non-conduction state) is applied
to the organic EL element OL;;. Thus, no current is flown
through the organic EL element OL;;, and no light is emitted
therefrom.

[0139] Then, before shifting to the second row, the poten-
tial of the scanning electrode Re; and the potential of the
scanning electrode Rs; are set to —Ve and -2V, respectively
(FIG. 7(b), non-selected state 1) The potential -Vc of the
scanning electrode Re; is smaller than -Vb, which is the
minimum value of the signal electrode S;, and there is a
potential difference —Va in the capacitor C;;, and therefore,
in the non-selected state 1, a potential difference of a reverse
potential state (non-conduction state) is applied to the diode
clement Dy;. Accordingly, there is no flow of charge in and
out of the capacitor C;; through the diode element Dj;.
Further, the common terminal P;; comes to have a potential
(-Va -Vc) as a result. Even in this state, the potential -2Vc
of the scanning electrode Rs; is smaller than the potential
(-Va -Vc) of the common terminal Py, and thus a potential
difference of a reverse potential state (non-conduction state)
is applied to the organic EL element OL;;. As a result, there
is no current flow through the organic EL element OL;;, and
no light is emitted therefrom.

[0140] Then, a transition occurs from the non-selected
period 1 to the non-selected period 2. The non-selected state
may have any duration above 0. Afterward, the potential of
the scanning electrode Rs; is gradually increased from -2Vc
to -V, before the pixel A;; takes the next selected state
(FIG. 7(c), non-selected state 2). Here, the potential of the
scanning electrode Rc; is maintained at —Ve. As a result, at
the time when the potential of the scanning electrode Rs;
becomes smaller than the potential (~Va -Vc) of the com-
mon terminal Py, a potential difference of a forward poten-
tial (conduction state) is applied to the organic EL element
OL;;.

ijs

ij»

[0141] Here, if the capacitor C;; is storing charge which
would generate a potential difference at or above the forward
ON potential of the organic EL element OL;, the charge will
be released via the organic EL element OL;, starting from
the time when the potential of the scanning electrode Rs;
becomes smaller than the potential (~Va -Vc) of the com-
mon terminal P;;, until the potential of the scanning electrode
Rs; becomes —Vc. While this is occurring, the organic EL
element OL;; emits light. That is, in the non-selected state 2,
the organic EL element OL;; emits light by the current flow
according to the stored charge in the capacitor Cy; (current
according to the signal potential) through the organic EL
element OL;;. This luminescence by the organic EL element
OL; in the non-selected state 2 allows fone expression
according to the signal potential.

[0142] The second row is selected after the sclected state
of the pixel A;; of the first row, or after the following
non-selected state 1. Selecting the second row, the potential
of the scanning elecirode Rc, and the potential of the
scanning electrode Rs, are set to 0 and —Ve (Ve>0), respec-
tively ((3) and (4) in FIG. 6), while setting signal potentials
for the respective signal electrodes S;. Here, a pixel A,; and
a pixel A,, are set to -V4 and -V2 (V2=0), respectively
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((11) and (12) in FIG. 6). Then, in the same manner as
above, a pixel A, is set to the non-selected state 1 and the
non-selected state 2, so as to drive a pixel A,; of the second
row.

[0143] Note that, the foregoing described the case where
the potential of the scanning electrode Rc; is —Vc¢ and the
potential of the scanning electrode Rs; is —2Vc in the
non-selected state 1 (FIG. 7(b)), and the potential of the
scanning electrode Rs; is varied from -2Vc to -Vc in the
non-selected state 2 (FIG. 7(c)). However, not limiting to
these, as shown in FIG. 8(a) through FIG. 8(c), the potential
of the scanning electrode Re; may be —Vc in the non-selected
state 1, and the potential of the scanning electrode Re; may
be varied from - Ve to -2V in the non-selected state 2. FIG.
8(a) through FIG. 8(c) are modification examples of FIG.
7(a) through FIG. 7(c).

[0144] The EL panel of the present embodiment, as in the
First Embodiment, may have a structure which does not
require the additional resistance. This solves the problem of
generated heat by the current flow through the additional
resistance, the problem of low luminous efficiency, and the
problem of prolonged charging time for charging the addi-
tional capacitance, which is induced by the provision of the
additional resistance. Further, as with the First Embodiment,
luminous efficiency can be improved in the EL panel of the
present embodiment.

[0145] [Third Embodiment]

[0146] The present embodiment describes a structure of an
EL panel (display pancl) and a driving method thereof,
which employs FET (Field Effect Transistor) active ele-
ments, in particular, TFT (thin film transistors), with refer-
ence to FIG. 9 through FIG. 12. The EL panel of the present
embodiment has a structure as shown in FIG. 9. FIG. 9 is
a circuit diagram showing an equivalent circuit of pixels of
the EL panel of the present embodiment.

[0147] In the EL panel of the present embodiment, a
scanning electrode (second scanning electrode) G and a
scanning electrode (first scanning electrode) R are provided
for each row. The scanning electrodes G and R are connected
to pixels A of each row. Further, the EL panel of the present
embodiment includes a signal electrode S for each column.
The signal electrode S is connected to the pixels A of each
column. That is, the EL panel of the present embodiment
includes 2 m electrodes on the scanning side, and n elec-
trodes on the signal (data) side.

[0148]  Apixel (emitter) A;; of the EL panel includes a TFT
element (active element, transistor active element) Try;, an
organic EL element (diode emitting element) OLy;, and a
capacitor Cy;. The drain (first terminal) of the TF'T element
Try;, the anode (first terminal) of the organic EL element
OL;;, and one of the electrodes (first terminal) of the
capacitor C;; are electrically connected to one another at a
common terminal P;;. Further, the source (second terminal)
of the TFT element Tr;, i.e., the terminal, other than the gate,
on the other side of the common terminal P, is connected
to the signal electrode S;. The gate (third terminal) of the
TFT element Tr;; is connected to a scanning electrode G;.
The other electrode (second terminal) of the capacitor Cy,
i.e., the electrode on the other side of the common terminal
Py, is connected to a common GND (ground) terminal
(common electrode) which is common to all pixels. The
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cathode (second terminal) of the organic EL element OLy,
i.e., the terminal on the other side of the common terminal
P;;, is connected to a scanning electrode R;.

[0149] The following describes the driving method of the
EL panel with reference to FIG. 10 and FIG. 11(a) through
FIG. 11(c). FIG. 10 is a timing chart showing changes in
potentials of respective electrodes when driving the EL
panel of the present embodiment. FIG. 11(a) through FIG.
11(c) are schematic drawings showing different states of the
pixel A; when driving the EL panel, in which FIG. 11(a)
shows a selected state; FIG. 11(b) shows a non-selected
state 1, and FIG. 1l(c) shows a non-selected state 2.
Indicated by (1) and (2), (3) and (4), and (5) and (6) in FIG.
10 is changes in potentials which are set for the scanning
electrodes G, and R,, scanning electrodes G, and R,, and
scanning electrodes G, and R, respectively. Further, indi-
cated by (7) and (8) in FIG. 10 is changes in potentials
which are set for signal electrodes S, and S,, respectively.
Further, indicated in (9), (10), (11), and (12) in FIG. 10 is
changes in potentials at common terminals P, , P,,, P, , and
P,..

[0150] Inorder to drive the EL panel, the rows are selected
successively from the first row to the mth row, so as to
charge capacitors C of pixels A in each row. The pixels A,
which became non-selected after the capacitors C are
charged, allow the organic EL elements OL to emit light
while the stored charge in the capacitors C is discharged.
Note that, the period from the selection of the first row to the
selection of the mth row makes up one field period.

[0151] The following explains driving of the EL panel in
more detail. When the first row is selected, the potential of
the scanning electrode G, is brought to Ve (Ve>0), and the
potential of the scanning electrode R, is brought to Vc
(Ve=0) ((1) and (2) in FIG. 10). Here, Ve is a potential
which can induce a potential difference at or above the
threshold potential between the gate and source of the TFT
element Tr, and also a potential which switches ON the gate
of the TFT element Tr so as to conduct the source and drain
of the TFT element Tr. Here, Ve and Vc are related prefer-
ably by Ve>Vc.

[0152] While this is being carried out, signal potentials are
set for the respective signal electrodes S;. The signal poten-
tials are in accordance with tones to be displayed by the
pixel A;; of the first row. Here, a pixel A;; and a pixel A,
are set to V1 (V1>0) and V4 (V4>0), respectively ((7) and
(8) in FIG. 10). Here, the potentials of the respective
common terminals P, and P, of the pixels A,; and A,
gradually increase, from the potentials before the selection,
to reach the signal potentials V1 and V4, respectively ((9)
and (10) in FIG. 10). Note that, a common signal potential
will be indicated by Va. Also, Vc is larger than maximum
value Vb of the signal potential Va (Ve>VbZVa).

[0153] Note that, when the active element is the TFT
element Tr as in the present embodiment, the signal potential
Va may be a negative potential. In particular, when the pixel
A,; is to be kept dark (dark display state), it is preferable to
set a negative potential for the signal potential Va. This is
due to the fact that the OFF resistance of the TFT element
Tr is not infinite. Because the OFF resistance of the TFT
element Tt is not infinite, a small current (leak current) flows
through the TFT element Tr, even when the pixel Ay; is not
selected (when the TFT element Tr is OFF). Due to crosstalk
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by this current, there are cases where the dark display state
appears slightly bright. In order to realize a desirable (suf-
ficiently) dark display state, it is preferable, as above, to set
a negative potential for the signal potential Va to store
negative charge on the electrode of the capacitor C;; on the
side of the common terminal P;. This cancels out the leak
current, thus maintaining a desirable dark state. Note that,
since the organic EL element OL itself has the characteristics
of the capacitor, the capacitor C;; is not necessarily required
to obtain the foregoing functions, as long as a reverse
potential can be applied to the organic EL element OL.

[0154] The state (selected state) where the pixel A is
selected is as shown in FIG. 11{a). In the sclected state, the
potential of the scanning electrode G; Ve, and the source and
drain of the TFT element Tr;; are conducted. Further, the
signal potential Va is set for the signal electrode S;. As a
result, a current is flown through the capacitor C;; via the
TFT element Try;. Further, a charge according to the signal
potential Va is stored in the capacitor C;;. Here, a positive
charge is injected into the electrode of the capacitor C;; on
the side of the common terminal P;;. In this case, since Ve
is larger than maximum value Vb of the signal potential Va,
a potential difference of a reverse potential state (non-
conduction state) is applied the organic EL element OL;.
Thus, no current is flown through the organic EL element
OLy;, and no light is emitted therefrom.

[0155] Then, before shifting to the second row, the poten-
tial of the scanning electrode G; is set to -Vd (-Vd<0).
Here, -Vd is a potential which induces a potential difference
at or below the threshold value between the gate and source
of the TFT element Tr, and also a potential which switches
OFF the TFT element Tr so as not to conduct the source and
drain of the TFT clement Tr. As a result, the common
terminal Py; and the signal clectrode S; become non-con-
ducted. Accordingly, there is no flow of charge in and out of
the capacitor C;; through the TFT element Tr;;. Further, even
in this state, the potential of the scanning electrode R; is
maintained at Ve, and a potential difference of a reverse
potential state (non-conduction state) is applied to the
organic EL clement OL;;. As a result, there is no current flow
through the organic EL e¢lement OL,;, and no light is emitted
therefrom.

[0156] Then, a transition occurs from the non-selected
period 1 to the non-selected period 2. The non-selected state
may have any duration above 0. Afterward, the potential of
the scanning electrode Rs; is gradually decreased from Ve to
0, before the pixel Ay; takes the next selected state (FIG.
11(c), non-selected state 2). Here, the potential of the
scanning electrode G; is maintained at -Vd. As a result, at
the time when the potential of the scanning electrode R;
becomes smaller than the potential Va of the common
terminal Py, a potential difference of a forward potential
state (conduction state) is applied to the organic EL element
oL

[0157] Here, if the capacitor C; is storing charge which
would generate a potential difference at or above the forward
ON potential of the organic EL element OL;, the charge will
be released via the organic EL element OLy, starting from
the time when the potential of the scanning electrode R,
becomes smaller than the potential Va of the common
terminal Py;, until the potential of the scanning electrode R;
becomes 0. While this is occurring, the organic EL element
OL;; emits light. That is, in the non-selected state 2, the

ijs
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organic EL element OL;; emits light by the current flow
(current according to the signal potential) according to the
stored charge in the capacitor C;; through the organic EL
element OL;;. This luminescence by the organic EL element
OL;; in the non-selected state 2 allows tone expression

according to the signal potential.

[0158] The current through the organic EL element OL; is
based on a potential difference between the cathode and
anode of the organic EL clement OLy;. The potential differ-
ence VI generated between the cathode and anode of the
organic EL clement OL; is

VI=Ve+QfICl-Vy

[0159] where Vg is the potential of the GND, Qf is the
charge stored in the capacitor C;;, Cf is the capacitance of the
capacitor Cy;, and Vr is the potential of the scanning elec-
trode R;. Here, current If flowing between the cathode and
anode of the organic EL element OL;; is the change in
quantity of the stored charge in the capacitor C;;. Thus, by
differentiating the foregoing equation with respect to time,
the potential of the GND, which is a constant, will be
cancelled, so that

d(Vh/dr=d(QfIC)/dt-d(Vr)/dt, and therefore Cfxd(Vf)/

dt=d(Qf)dt-Cfxd(Ve)jdt=If-Cfxd(Ves)/dt.
[0160] Here, when the potential difference VI generated
between the cathode and anode of the organic EL element
OL, is practically fixed, d(Vd)/dt will be almost 0, and thus
the ‘current If flowing through the cathode and anode of the
organic EL element OL;; becomes

H=Cfxd(Vi)/db.

[0161] That is, the current flow through the organic EL
element OL; can be controlled by controlling the rate of
change of the potential of the scanning electrode R; from
2Ve to Ve, ie., by controlling the gradient of potential
change of the scanning electrode R;.

[0162] Thus, the gradient of a potential change of the
scanning electrode R; is set so that the current through the
organic EL element OL;; takes a current value which causes
the organic EL element OL; to emit light with high luminous
efficiency. This makes it possible to always drive the organic
EL element OL;; with high luminous efficiency, thereby
improving luminous efficiency of the EL panel.

[0163] The second row is selected after the sclected state
of the pixel A; of the first row, or after the following
non-selected state 1. Selecting the second row, the potential
of the scanning electrode G, and the potential of the scan-
ning electrode R, are set to Ve and Ve (Ve>0), respectively
((3) and (4) in FIG. 10), while setting signal potentials for
the respective signal electrodes S;. Here, a pixel A,; and a
pixel A, are set to V4 and V2 (V2>0), respectively ((11) and
(12) in FIG. 10). Then, in the same manner as above, the
pixel A, is set to the non-selected state 1 and the non-
selected state 2, so as to drive a pixel A2j of the second row.

[0164] Note that, the foregoing described the case where
the potential of the scanning electrode R; is V¢ in the
non-selected state 1 (FIG. 11(b)), and the potential of the
scanning electrode R; varied from Ve to 0 in the non-selected
state 2 (FIG. 11(c)). However, not limiting to these, a
structure and a driving method as shown in FIG. 12(a)
through FIG. 12(c) may be adopted as well. FIG. 12(a)
through FIG. 12(c) are schematic drawings showing differ-
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ent states of the pixel A;; when driving an EL panel accord-
ing to one modification example of the present embodiment,
in which FIG. 12(a), FIG. 12(b), and FIG. 12(c) show the
selected state, the non-selected state 1, and the non-selected
state 2, respectively.

[0165] In this EL panel, the electrode of the capacitor C;;
on the other side of the common terminal P;; is connected to
the scanning electrode R;. The cathode of the organic EL
element OLy, ie., the terminal on the other side of the
common terminal Py, is connected to a COM (common)
terminal (common electrode) which is common to all pixels
A. The other structure is the same as that shown in FIG.

11(a) through FIG. 11(c).

[0166] In this EL panel, the potential of the COM (com-
mon) terminal is always set at Vc. In the selected state, the
scanning electrode R; is set to 0, so as to charge the capacitor
C;; as above (FIG. 12(g)). Then, a transition to the non-
selected state 2 occurs via the non-selected state 1 (FIG.
12(b)) as above. In the non-selected state 2, the potential of
the scanning electrode R; is varied from 0 to Ve (FIG.
12(c)) . As a result, the organic EL element OL;; emits light
as above.

[0167] As described, in the structure of the pixel A;; of the
EL panel of the present embodiment, unlike the structure of
the pixel of the EL panel employing TFTs as described in the
foregoing BACKGROUND OF THE INVENTION section
(FIG. 29), the organic EL element OL; is driven by the
stored charge in the capacitor Cy; to emit light. That is, unlike
the conventional structure which drives the organic EL
element by controlling voltage, the organic EL element OL;;
is driven by controlling current. As a result, it is possible to
stabilize luminance of the organic EL element OLy;, com-
pared with the conventional structure.

[0168] The foregoing described the case where the signal
potential is used as the signal for expressing tones by
controlling the luminance of the pixel Ay However, this
structure may cause variance in luminance of emitted lLight
among pixels, due to variance in potential drop between
source and drain of the TFT element Tr;; among pixels, or
variance in capacitance of the capacitor C;; among pixels. In
order to suppress these variances, a signal current may be
used as the signal for expressing tones, instead of the
foregoing signal potential. That is, the column driver 102
(FIG. 18) for driving the signal electrode S;; is changed from
a potential-control-type to a current-control-type. This
allows the stored charge in the capacitor C;; to be accurately
controlled, thus suppressing variance in luminance of emit-
ted light among pixels, compared with the conventional
structure.

[0169] Further, as with the First or Second Embodiment,
such a current which would bring the optimum luminous
efficiency for the organic EL element OL; can be flown
through the organic EL clement OL, thus realizing the EL
panel with desirable luminous efficiency.

[0170] [Fourth Embodiment]

[0171] The present embodiment describes a structure of an
EL panel and a driving method thereof, when the polarity of
the organic EL element OL;; is changed with respect to the
EL panel of the Third Embodiment, with reference to FIG.
13 through FIG. 16. The EL panel (display panel) of the
present embodiment has a structure as shown in FIG. 13.
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FIG. 13 is a circuit diagram showing an equivalent circuit
of pixels of the EL panel of the present embodiment.

[0172] The EL panel of the present embodiment has the
same structure as that of the EL panel of the Third Embodi-
ment, except that the polarity of the organic EL element OL;
is reversed with respect to the EL panel of the Third
Embodiment.

[0173] That is, in a pixel (emitter) A;; of the EL panel, the
drain (first terminal) of TFT element (active element, tran-
sistor active element) Try, the cathode (first terminal) of the
organic EL element (diode emitting element) OL;, and one
of the electrodes (first terminal) of the capacitor C;; are
electrically connected to one another at a common terminal
P;;. Further, the source (second terminal) of the TFT element
Try;, i.e., the terminal, other than the gate, on the other side
of the common terminal Py, is connected to the signal
clectrode S;. The gate (third terminal) of the TFT clement
Trij is comnected to scanning electrode (second scanning
electrode) G;. The other electrode (second terminal) of the
capacitor Cj;, 1€, the electrode on the other side of the
common ferminal Py, is connected to a common GND
(ground) terminal (common electrode) which is common to
all pixels A. The anode (second terminal) of the organic EL
element OLy, ie., the terminal on the other side of the
common terminal Py, is connected to the scanning electrode
(first scanning electrode) R;.

[0174] The following describes the driving method of the
EL panel with reference to FIG. 14 and FIG. 15(a) through
FIG. 15(c). FIG. 14 is a timing chart showing changes in
potentials of respective electrodes when driving the EL
panel of the present embodiment. FIG. 15(a) through FIG.
15(c) are schematic drawings showing different states of the
pixel A; when driving the EL panel, in which FIG. 15(a)
shows a selected state; FIG. 15(b) shows a non-selected
state 1, and FIG. 15(c) shows a non-selected state 2.
Indicated by (1) and (2), (3) and (4), and (5) and (6) in FIG.
14 is changes in potentials which are set for the scanning
electrodes G, and R, scanning electrodes G, and R,, and
scanning electrodes G, and R, respectively. Further, indi-
cated by (7) and (8) in FIG. 14 is changes in potentials
which are set for signal electrodes S, and S, respectively.
Further, indicated in (9), (10), (11), and (12) in FIG. 14 is
changes in potentials at common terminals P, P,,, P,;, and
P,..

[0175] Inorder to drive the EL panel, the rows are selected
successively from the first row to the mth row, so as to
charge capacitors C of pixels A in each row. The pixels A,
which became non-selected after the capacitors C are
charged, allow the organic EL elements OL to emit light
while the stored charge in the capacitors C is discharged.
Note that, the period from the selection of the first row to the
selection of the mth row makes up one field period.

[0176] The following explains driving of the EL panel in
more detail. When the first row is selected, the potential of
the scanning electrode G, is brought to Vd (Vd>0), and the
potential of the scanning electrode R, is brought to -Ve
(Ve>0) ((1) and (2) in FIG. 14). Here, Vd is a potential
which can induce a potential difference at or above the
threshold potential between the gate and source of the TFT
element Tr, and also a potential which switches ON the gate
of the TFT element Tr so as to conduct the source and drain
of the TFT element Tr.
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[0177] While this is being carried out, signal potentials are
set for the respective signal electrodes S;. The signal poten-
tials are in accordance with tones to be displayed by the
pixel A;; of the first row. Here, a pixel A, and a pixel A,,
are set to =V1 (V1>0) and -V4 (V4>0), respectively ((7) and
(8) in FIG. 14). Here, the potentials of the respective
common terminals P,; and P;, of the pixels A;; and A,
gradually decrease, from the potentials before the selection,
to reach the signal potentials -V1 and —V4, respectively ((9)
and (10) in FIG. 14). Note that, a common signal potential
will be indicated by —Va. Also, -Vc¢ is larger than minimum
value - Vb of the signal potential —Va, i.e., the absolute value
Ve of -Vc is larger than the maximum value Vb of the
absolute value Va of the signal potential -Va (Ve>Vb=Va).

[0178] The state (selected state) where the pixel A is
selected is as shown in FIG. 15(a). In the selected state, the
potential of the scanning electrode G; is Vd, and the source
and drain of the TFT element Tr;; are conducted. Further, the
signal potential Va is set for the signal electrode S;. As a
result, a current is lown through the capacitor Cy; via the
TFT element Tr;;. Further, a charge according to the signal
potential Va is stored in the capacitor C;;. Here, a negative
charge is injected into the electrode of the capacitor C;; on
the side of the common terminal Py;. In this case, since Ve
is smaller than minimum value -Vb of the signal
potential —-Va, a potential difference of a reverse potential
state (non-conduction state) is applied to the organic EL
clement OL;;. Thus, no current is flown through the organic
EL element OLy;, and no light is emitted therefrom.

[0179] Then, before shifting to the second row, the poten-
tial of the scanning electrode G; is set to Ve (-Ve<0).
Here, - Ve is a potential which induces a potential difference
at or below the threshold value between the gate and source
of the TFT element Tr, and also a potential which switches
OFF the TFT element Tr so as not to conduct the source and
drain of the TFT eclement Tr. As a result, the common
terminal P;; and the signal electrode S; become non-con-
ducted. Accordingly, there is no flow of charge in and out of
the capacitor C;; through the TFT element Tr;;. Further, even
in this state, the potential of the scanning electrode R; is
maintained at Ve, and a potential difference of a reverse
potential state (non-conduction state) is applied to the
organic EL element OL;;. As a result, there is no current flow
through the organic EL element OL;;, and no light is emitted
therefrom.

[0180] Then, a transition occurs from the non-selected
period 1 to the non-selected period 2. The non-selected state
may have any duration above 0. Afterward, the potential of
the scanning electrode Rs; is gradually decreased from Ve to
0, before the pixel A; takes the next selected state (FIG.
15(c), non-selected state 2). Here, the potential of the
scanning electrode G; is maintained at =Vd. As a result, at
the time when the potential of the scamning electrode R,
becomes smaller than the potential =Va of the common
terminal Py, a potential difference of a forward potential
state (conduction state) is applied to the organic EL element
oL

[0181] Here, if the capacitor Cj; is storing charge which
would generate a potential difference at or above the forward
ON potential of the organic EL element OL;, the charge will
be released via the organic EL element OL;;, starting from
the time when the potential of the scanning electrode R;
becomes smaller than the potential ~Va of the common



US 2001/0054711 Al

terminal Py, until the potential of the scanning electrode R;
becomes 0. While this is occurring, the organic EL element
OL;; emits light. That is, in the non-selected state 2, the
organic EL element OL;; emits light by the current flow
according to the stored charge in the capacitor C;; (current
according to the signal potential) through the organic EL
element OL;;. This luminescence by the organic EL element
OL; in the non-selected state 2 allows fone expression
according to the signal potential.

[0182] The second row is selected after the selected state
of the pixel A;; of the first row, or after the following
non-selected state 1. Then, the potential of the scanning
electrode G, and the potential of the scanning electrode R,
are set to Vd and —Ve (Ve>0), respectively ((3) and (4) in
FIG. 14), while setting signal potentials for the respective
signal electrodes S;. Here, a pixel A, and a pixel A,, are set
to -V4 and -V2 (V2>0), respectively ((11) and (12) in FIG.
14). Then, in the same manner as above, the pixel A,, is set
to the non-selected state 1 and the non-selected state 2, so as
to drive a pixel A; of the second row.

[0183] Note that, the foregoing described the case where
the potential of the scanning electrode R; is -Vc in the
non-selected state 1 (FIG. 15(5)), and the potential of the
scanning electrode R; varied from -Vc to 0 in the non-
selected state 2 (FIG. 15(c)). However, not limiting to these,
a structure and a driving method as shown in FIG. 16(a)
through FIG. 16(c) may be adopted as well. FIG. 16(a)
through FIG. 16(c) are schematic drawings showing differ-
ent states of the pixel A;; when driving an EL panel accord-
ing to one modification example of the present embodiment,
in which FIG. 16(a), FIG. 16(b), and FIG. 16(c) show the
selected state, the non-selected state 1, and the non-selected
state 2, respectively.

[0184] In this EL panel, the electrode of the capacitor C;;
on the other side of the common terminal P;; is connected to
the scanning electrode R;. The anode of the organic EL
element OLy, ie., the terminal on the other side of the
common terminal Py, is connected to a COM (common)
terminal (common electrode) which is common to all pixels
A. The other structure is the same as that of FIG. 15(a)
through FIG. 15(c).

[0185] Further, in this EL panel, the potential of the COM
(common) terminal is always set at —=Ve. In the selected
state, the scanning electrode R; is set to 0, so as to charge the
capacitor C;; as above (FIG. 16(a)). Then, a transition occurs
to the non-selected state 2 via the non-selected state 1 (FIG.
16(b)) as above. In the non-selected state 2, the potential of
the scanning electrode R; is varied from 0 to -Vc (FIG.
16(c)). As a result, the organic EL element OL; emits light
as above.

[0186] Inthe EL panel of the present embodiment, as with
the Third Embodiment, the organic EL element OL; may be
driven by controlling current, so as to stabilize luminance of
the organic EL element OL;; than conventionally. Further, by
using the signal current, instead of the signal potential, for
expressing tones, the stored charge in the capacitor C;; can
be accurately controlled, thus suppressing variation in lumi-
nance of emitted light among pixels, compared with con-
ventionally.

[0187] Further, as with the First through Third Embodi-
ments, such a current which would bring the optimum
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luminous efficiency for the organic EL element OL;; can be
flown through the organic EL element OLy;, thus realizing

the EL panel with desirable luminous efficiency.

[0188] Note that, the foregoing explained the case where
the organic EL element was used as a model example of the
diode emitting element, but the present invention is also
applicable to other diode emitting elements such as LED.

[0189] As described, the pixel of the EL panel according
to the present invention is an emitter which includes: an
active element (diode element D, TFT element Tr) having a
first terminal and a second terminal, which is adapted to
switch between the first terminal and the second terminal; an
diode emitting element (organic EL element OL) having a
first terminal and a second terminal; and a capacitor (capaci-
tor C) having a first terminal and a second terminal, wherein:
the respective first terminals of the active element, the diode
emitting element, and the capacitor are electrically con-
nected to one another, and potentials are individually set for
the respective second terminals of the active element, the
diode emitting element, and the capacitor, while controlling
a switching operation of the active element.

[0190] Tt is preferable in this emitter, in the case where the
active element is the diode active element (diode element
D), that a forward direction of the diode emitting element
and a forward direction of the diode active element coincide.

[0191] This arrangement allows the capacitor to be
charged by setting potentials in the following manner.
Namely, the respective potentials of the second terminal of
the capacitor and the second terminal of the diode active
element are set so as to generate a forward potential differ-
ence in the diode active element. Here, the emission of the
diode emitting element can be stopped by setting the respec-
tive potentials of the second terminal of the diode active
element and the second terminal of the diode emitting
element so as to generate a reverse potential difference in the
diode emitting element.

[0192] Further, the diode emitting element can be set to
emit light by setting potentials in the following manner.
Namely, the potential of the second terminal of the diode
active element is set so as to generate a reverse potential
difference in the diode active element. In addition, the
respective potentials of the second terminal of the capacitor
and the second terminal of the diode emitting element are set
so as to generate a reverse potential difference in the diode
emitting element, and then the respective potentials are
gradually varied to reach an equal potential.

[0193] This arrangement allows control of the switching
operation by way of controlling the respective potentials of
the second terminals, thus simplifying the circuit structure.

[0194] Alternatively, the active element of the emitter may
be the transistor active element (TFT element Tr) having a
third terminal for which a potential for controlling switching
between the first terminal and the second terminal is set.

[0195] This arrangement allows the capacitor to be
charged by setting potentials in the following manner.
Namely, the respective potentials of the second terminal of
the capacitor and the second terminal of the transistor active
element are set to potentials for charging the capacitor, while
setting such a potential for the third terminal of the transistor
active element as to conduct the transistor active element.
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Here, the emission of the diode emitting element can be
stopped by further setting the potential of the second termi-
nal of the diode emitting element so as to generate a reverse
potential difference in the diode emitting element.

[0196] Further, the diode emitting element can be set to
emit light by setting potentials in the following manner.
Namely, the third terminal of the transistor active element is
set to such a potential as not to conduct the transistor active
element. In addition, the respective potentials of the second
terminal of the capacitor and the second terminal of the
diode emitting element are set so as to generate a reverse
potential difference in the diode emitting element, and then
the respective potentials are gradually varied to reach an
equal potential.

[0197] This arrangement allows the second terminal of the
capacitor or the second terminal of the diode emitting
element to have a constant potential, thus simplifying the
circuit structure.

[0198] The emitting device is made up of the foregoing
emitter and a control section (scanning driver 101, signal
driver 102, and controller 103) which controls potentials
respectively set for the respective second terminals of the
active element, the diode emitting element, and the capaci-
tor, while controlling a switching operation of the active
element. The control section operates to store charge in the
capacitor by generating a potential difference between the
second terminal of the active element and the second ter-
minal of the capacitor, while the active element is in a
conduction state, and the control section operates to vary a
potential difference between the second terminal of the
capacitor and the second terminal of the diode emitting
element, so as to discharge the stored charge in the capacitor
via the diode emitting element, while the active element is
in a non-conduction state.

[0199] In the case where the active element of the fore-
going emitting device is the diode active element, the control
section controls potentials respectively set for the respective
second terminals of the diode active element, the diode
emitting element, and the capacitor. Further, the control
section operates to store charge in the capacitor by gener-
ating a potential difference between the second terminal of
the diode active element and the second terminal of the
capacitor so that a forward potential difference is generated
in the diode active element, and the control section operates
to vary a potential difference between the second terminal of
the capacitor and the second terminal of the diode emitting
element so that the stored charge in the capacitor is dis-
charged via the diode emitting element, while generating a
potential difference between the second terminal of the
diode active element and the second terminal of the capaci-
tor to generate a reverse potential difference in the diode
active element.

[0200] Further, in the case where the active element of the
foregoing emitting device is the transistor active element,
the control section controls potentials respectively set for the
respective second terminals of the transistor active element,
the diode emitting element, and the capacitor, while con-
trolling the switching operation of the transistor active
element by controlling the potential set for the third terminal
of the transistor active element. Further, the control section
operates to store charge in the capacitor by generating a
potential difference between the second terminal of the
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active element and the second terminal of the capacitor,
while the transistor active element is in a conduction state,
and the control section operates to vary a potential difference
between the second terminal of the capacitor and the second
terminal of the diode emitting element, so as to discharge the
stored charged in the capacitor via the diode emitting
element, while the transistor active element is in a non-
conduction state.

[0201] These emitting devices can control the foregoing
operations of the emitter by the control section.

[0202] Further, in the case where the active element of the
foregoing emitting device is the transistor active element,
the control section controls potentials which are respectively
set for the respective second terminals of the transistor
active element, the diode emitting element, and the capaci-
tor, while controlling the switching operation of the transis-
tor active element by controlling the potential set for the
third terminal of the transistor active element. Further, the
control section may operate to set potentials respectively for
the second terminal of the diode emitting element and the
second terminal of the transistor active element, so as to
generate a reverse potential difference in the diode emitting
element, while the transistor active element is in a conduc-
tion state.

[0203] When the emitter includes the transistor active
element in this arrangement, the polarity of the stored charge
in the capacitor is reversed from that discharged via the
diode emitting element.

[0204] Since the OFF resistance of the transistor active
element is not infinite, there are cases where a small current
(leak current) flows through the transistor active element
even when the transistor active element is OFF. For this
reason, for example, the foregoing control where the emitter
is disposed in the form of an array to carry out control in the
units of row and column may cause crosstalk due to leak
current, and even pixels to be kept dark may emit some light.

[0205] 1In contrast, when the emitter is to be kept dark, the
foregoing arrangement allows the capacitor to store charge
of the opposite polarity to that discharged via the diode
emitting element. This charge of the opposite polarity can-
cels out the leak current, thus maintaining desirable dark
state.

[0206] 1In this manner, the foregoing arrangement allows
the diode emitting element making up the emitter to store
charge of the opposite polarity, and therefore pixels to be
kept dark can maintain desirable dark display despite that
the OFF resistance of the transistor active element is not
infinite, thus improving display quality.

[0207] Note that, since the diode emitting element itself
has the capacitor characteristics, the capacitor is not neces-
sarily required to obtain the foregoing functions, provided
that the diode emitting element has a reverse potential
difference.

[0208] The foregoing emitter is disposed in the form of an
array to make up the display panel (EL panel).

[0209] In this arrangement, the emitter, which is capable
of accurately emitting light in tone, is disposed in an array,
and each emitter makes up a pixel to display an image by the
collection of the pixels. The emitter has improved luminous
efficiency and therefore it is possible with this display panel
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to realize image display with sufficient brightness while
reducing power consumption.

[0210] Further, with the foregoing arrangement, by the use
of the emitter capable of stabilizing luminance, the conven-
tional problem of variance in luminance due to variance in
TFTs can be suppressed, thus improving quality of a display
image.

[0211] When the active element of the foregoing display
panel is the transistor active element, the second terminal of
the capacitor or the second terminal of the diode emitting
element of one emitter is electrically connected to the
second terminal of the capacitor or the second terminal of
the diode emitting element of another emitter, respectively,
between the emitters.

[0212] With this arrangement, when the emitter includes
the transistor active element, one of four second terminals of
each emitter (second terminal of the capacitor or second
terminal of the diode emitting element) can be commonly
used by the emitters. This allows the use of less number of
wires, thus simplifying the circuit structure.

[0213] When the active element of the display panel is the
transistor active element, the second terminal of the diode
active element of one emitter is electrically connected to the
second terminal of the diode active element of another
emitter between the emitters in a column direction of the
array, and the second terminal of the capacitor and the
second terminal of the diode emitting element of one emitter
electrically connected to the second terminal of the capacitor
and the second terminal of the diode emitting element of
another emitter, respectively, between the emitters in a row
direction of the array.

[0214] In this arrangement, the emitter having the diode
active element is disposed in an array, and each emitter
makes up a pixel to display an image by the collection of the
pixels. Further, the emitter of each row can be selected or
non-selected by independently controlling the respective
potentials of the second terminal of the capacitor and the
second terminal of the diode emitting element of each
emitter in a row unit, and the luminance of the emitter in
each column can be set by independently controlling the
potential of the second terminal of the diode active element
of each emitter in a column unit. As a result, the diode
emitting element making up each emitter can emit light with
optimum efficiency.

[0215] When the active element of the display panel is the
transistor active element, the second terminal of the transis-
tor active element of one emitter is electrically connected to
the second terminal of the transistor active element of
another emitter between the emitters in a column direction
of the array, and the second terminal of the diode emitting
element and the second terminal of the transistor active
element of one emitter are electrically connected to the
second terminal of the diode emitting element and the
second terminal of the transistor active element of another
emitter, respectively, between the emitters in a row direction
of the array.

[0216] In this arrangement, the emitter having the diode
active element is disposed in an array, and each emitter
makes up a pixel to display an image by the collection of the
pixels. Further, the emitter of each row can be selected or
non-selected by independently controlling the potential of

Dec. 27, 2001

the second terminal of the diode emitting element or the
capacitor, and the potential of the third terminal of the
transistor active element in a row unit, and the luminance of
the emitter in each column can be set by independently
controlling the potential of the second terminal of the
transistor active element of each emitter in a column unit. As
a result, the diode emitting element making up each emitter
can emit light with optimum efficiency.

[0217] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:
1. An emitter, comprising:

an active element, having a first terminal and a second
terminal, which is adapted to switch between the first
terminal and the second terminal;

an diode emitting element having a first terminal and a
second terminal; and

a capacitor having a first terminal and a second terminal,
wherein:

the respective first terminals of the active element, the
diode emitting element, and the capacitor are elec-
trically connected to one another, and

potentials are individually set for the respective second
terminals of the active element, the diode emitting
element, and the capacitor, while controlling a
switching operation of the active element.
2. The emitter as set forth in claim 1, wherein:

the active element is a diode active element, and

a forward direction of the diode emitting element and a
forward direction of the diode active element coincide.
3. The emitter as set forth in claim 1, wherein:

the active element is a transistor active element having a
third terminal which is set to have a potential for
controlling the switching between the first terminal and
the second terminal.

4. The emitter as set forth in claim 1, wherein:

the diode emitting element is an organic EL element or an
LED.
5. An emitting device, comprising:

the emitter of claim 1; and

a control section for controlling the potentials set for the
respective second terminals of the active element, the
diode emitting element, and the capacitor, while con-
trolling the switching operation of the active element,

wherein:

said control section operates to store charge in the
capacitor by generating a potential difference
between the second terminal of the active element
and the second terminal of the capacitor, while the
active element is in a conduction state, and



US 2001/0054711 Al

said control section operates to vary a potential differ-
ence between the second terminal of the capacitor
and the second terminal of the diode emitting ele-
ment, so as to discharge the stored charge in the
capacitor via the diode emitting element, while the
active element is in a non-conduction state.

6. The emitting device as set forth in claim 5, wherein:
the diode emitting element emits light in tones, and

said control section generates the potential difference
between the second terminal of the active element and
the second terminal of the capacitor so that the capaci-
tor stores charge which is in accordance with a tone to
be emitted by the diode emitting element.

7. The emitting device as set forth in claim 6, wherein:

said control section controls the potential difference
between the second terminal of the active element and
the second terminal of the capacitor while monitoring
a current which flows through the second terminal of
the active element or the second terminal of the capaci-
tor.

8. The emitting device as set forth in claim 5, wherein:

said control section varies the potential difference
between the second terminal of the capacitor and the
second terminal of the diode emitting element, so that
a current which flows through the diode emitting ele-
ment becomes constant, when the capacitor discharges
the stored charge.

9. An emitting device, comprising:
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wherein:

said control section operates to store charge in the
capacitor by generating a potential difference
between the second terminal of the active element
and the second terminal of the capacitor, while the
transistor active element is in a conduction state, and

said control section operates to vary a potential differ-
ence between the second terminal of the capacitor
and the second terminal of the diode emitting ele-
ment, so as to discharge the stored charged in the
capacitor via the diode emitting element, while the
transistor active element is in a non-conduction state.

11. An emitting device, comprising:

the emitter of claim 3; and

a control section for controlling potentials which are
respectively set for the respective second terminals of
the transistor active element, the diode emitting ele-
ment, and the capacitor, while controlling the switching
operation of the transistor active element by controlling
the potential set for the third terminal of the transistor
active element,

wherein:

said control section operates to set potentials respec-

tively for the second terminal of the diode emitting

element and the second terminal of the transistor

active element, so as to generate a reverse potential

difference in the diode emitting element, while the
transistor active element is in a conduction state.

12. A display panel, comprising emitters which are dis-

posed in the form of an array, each of said emitters being the
emitter of claim 1.

13. The display panel as set forth in claim 12, wherein the
diode emitting element is an organic EL element or an LED.

the emitter of claim 2; and

a control section for controlling the potentials for the
respective second terminals of the diode active ele-

ment, the diode emitting element, and the capacitor,
wherein:

said control section operates to store charge in the
capacitor by generating a potential difference
between the second terminal of the diode active
element and the second terminal of the capacitor so
that a forward potential difference is generated in the
diode active element, and

said control section operates to vary a potential differ-
ence between the second terminal of the capacitor
and the second terminal of the diode emitting ele-
ment so that the stored charge in the capacitor is
discharged via the diode emitting element, while
generating a potential difference between the second
terminal of the diode active element and the second
terminal of the capacitor to generate a reverse poten-
tial difference in the diode active element.

10. An emitting device, comprising:
the emitter of claim 3; and

a control section for controlling the potentials set for the
respective second terminals of the transistor active
element, the diode emitting element, and the capacitor,
while controlling the switching operation of the tran-
sistor active element by controlling the potential set for
the third terminal of the transistor active element,

14. A display panel, comprising:

emitters which are disposed in the form of an array, each
of said emitters being the emitter of claim 3,

the second terminal of the capacitor or the second termi-
nal of the diode emitting element of one emitter being
electrically connected to the second terminal of the
capacitor or the second terminal of the diode emitting
element of another emitter, respectively, between the
emitters.

15. A display panel, comprising:

emitters which are disposed in the form of an array, each
of said emitters being the emitter of claim 2,

the second terminal of the diode active element of one
emitter being electrically connected to the second ter-
minal of the diode active element of another emitter
between the emitters in a column direction of the array,
and

the second terminal of the capacitor and the second
terminal of the diode emitting element of one emitter
being electrically connected to the second terminal of
the capacitor and the second terminal of the diode
emitting element of another emitter, respectively,
between the emitters in a row direction of the array.
16. A display panel, comprising:

emitters which are disposed in the form of an array, each
of said emitters being the emitter of claim 3,
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the second terminal of the transistor active element of one
emitter being electrically connected to the second ter-
minal of the transistor active element of another emitter
between the emitters in a column direction of the array,
and

the second terminal of the diode emitting element and the
third terminal of the transistor active element of one
emitter being electrically connected to the second ter-
minal of the diode emitting element and the third
terminal of the transistor active element of another
emitter, respectively, between the emitters in a row
direction of the array.

17. The display panel as set forth in claim 16, wherein the
second terminal of the capacitor of one emitter is electrically
connected to the second terminal of the capacitor of another
emitter between the emitters.

18. A display panel, comprising:

emitters which are disposed in the form of an array, each
of said emitters being the emitter of claim 3,

the second terminal of the transistor active element of one
emitter being electrically connected to the second ter-
minal of the transistor active element of another emitter
between the emitters in a column direction of the array,
and

the second terminal of the capacitor and the third terminal
of the transistor active element of one emitter being
electrically connected to the second terminal of the
capacitor and the third terminal of the transistor active
element of another emitter, respectively, between the
emitters in a row direction of the array.

19. The display panel as set forth in claim 18, wherein the
second terminal of the diode emitting element of one emitter
is electrically connected to the second terminal of the diode
emitting element of another emitter between the emitters.

20. A display panel, comprising:

a plurality of pixels which are disposed in the form of an
array;

a first scanning electrode and a second scanning electrode
which are provided corresponding to each row; and

a signal electrode which is provided corresponding to
each column,

wherein:

each of said plurality of pixels includes: a diode active
element, having a first terminal and a second termi-
nal, which is adapted to switch between the first
terminal and the second terminal; a diode emitting
element having a first terminal and a second termi-
nal; and a capacitor having a first terminal and a
second terminal, and

in each pixel, the respective first terminals of the diode
active element, the diode emitting element, and the
capacitor are connected to one another, and a for-
ward direction of the diode emitting element and a
forward direction of the diode active element coin-
cide each other between the second terminal of the
diode emitting element and the second terminal of
the diode active element, and
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the signal electrode is connected to the second terminal
of the diode active element of a pixel of the corre-
sponding column, and

the first scanning electrode is connected to the second
terminal of the diode emitting element of a pixel of
the corresponding row, and

the second scanning electrode is connected to the
second terminal of the capacitor of a pixel of the
corresponding row.
21. A display panel, comprising:

a plurality of pixels which are disposed in the form of an
array;

a common electrode which is common to all of said
plurality of pixels;

a first scanning electrode and the second scanning elec-
trode which are provided corresponding to each row;
and

a signal electrode which is provided corresponding to
each column,

wherein:

cach of said plurality of pixels includes: a transistor
active element having a first terminal, a second
terminal, and a third terminal, switching between the
first terminal and the second terminal being con-
trolled by a potential set for the third terminal; a
diode emitting element having a first terminal and a
second terminal; and a capacitor having a first ter-
minal and a second terminal, and

in each pixel, the respective first terminals of the
transistor active element, the diode emitting element,
and the capacitor are connected to one another,

the common electrode is connected to the second
terminal of the capacitor of each pixel,

the second scanning electrode is connected to the third
terminal of the transistor active element of a pixel of
the corresponding row,

the first scanning electrode is connected to the second
terminal of the diode emitting element of a pixel of
the corresponding row, and

the signal electrode is connected to the second terminal
of the transistor active element of a pixel of the
corresponding row.
22. A display panel, comprising:

a plurality of pixels which are disposed in the form of an
array;

a common electrode which is common to all of the
plurality of pixels;

a first scanning electrode and a second scanning electrode
which are provided corresponding to each row; and

a signal electrode which is provided corresponding to
cach column,

wherein:

each of said plurality of pixels includes: a transistor
active element having a first terminal, a second
terminal, and a third terminal, switching between the
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first terminal and the second terminal being con-
trolled by a potential set for the third terminal; a
diode emitting element having a first terminal and a
second terminal; and a capacitor having a first ter-
minal and a second terminal, and

in each pixel, the respective first terminals of the
transistor active element, the diode active element,
and the capacitor are connected to one another,

the common electrode is connected to the second
terminal of the diode emitting element of each pixel,

the second scanning electrode is connected to the third
terminal of the transistor active element of a pixel of
the corresponding row,

the first scanning electrode is connected to the second
terminal of the capacitor of a pixel of the correspond-
ing row, and

the signal electrode is connected to the second terminal
of the transistor active element of a pixel of the
corresponding row.
23. A display device, comprising:

the display panel of claim 20; and

a control section for controlling the respective potentials
of the first scanning electrode, the second scanning
electrode, and the signal electrode,

wherein:

said control section sets a potential for the signal
electrode according to a tone to be displayed on each
pixel of a selected row while successively selecting
rows, and

in the selected row, said control section controls respec-
tive potentials of the first scanning electrode and the
second scanning electrode corresponding to the
selected row to generate a forward potential differ-
ence in the diode active element of each pixel of the
selected row, while generating a reverse potential
difference in the diode emitting element of each pixel
of the selected row, so as to store charge in the
capacitor of each pixel of the selected row, according
to a tone to be displayed on the pixel, and

in a non-selected row, said control section controls a
potential of the second scanning electrode corre-
sponding to the non-selected row to vary a potential
of the first scanning electrode, while generating a
reverse potential difference in the diode active ele-
ment of each pixel of the non-selected row, so as to
discharge stored charge in the capacitor of each pixel
of the non-selected row via the diode emitting ele-
ment.

24. A display device, comprising:

the display panel of claim 21; and

a control section for controlling respective potentials of
the first scanning electrode, the second scanning elec-
trode, and a signal electrode,
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wherein:

a constant potential is set for the common electrode,
and

said control section sets a potential for the signal
electrode according to a tone to be displayed on each
pixel of a selected row while successively selecting
rows, and

in the selected row, said control section controls a
potential of the first scanning electrode correspond-
ing to the selected row to conduct the transistor
active element of each pixel of the selected row by
controlling a potential of the second scanning elec-
trode of the selected row, while generating a reverse
potential difference in the diode emitting element of
each pixel of the selected row, so as to store charge
in the capacitor of each pixel of the selected row
according to a tone to be displayed on the pixel, and

in a non-selected row, said control section varies a
potential of the first scanning electrode, while not
conducting the transistor active element of each pixel
of the non-selected row by controlling a potential of
the second scanning electrode of the non-selected
row, so as to discharge stored charge in the capacitor
of each pixel of the non-selected row via the diode
emitting element.

25. A display device, comprising:

the display panel of claim 22; and

a control section for controlling respective potentials of
the first scanning electrode, the second scanning elec-
trode, and the signal electrode,

wherein:

a constant potential is set for the common electrode,
and

said control section sets a potential, within a range for
generating a reverse potential difference in the diode
emitting element, for the signal electrode according
to a tone to be displayed on each pixel of a selected
row while successively selecting rows, and

in the selected row, said control section conducts the
transistor active element of each pixel of the selected
row by controlling a potential of the second scanning
electrode of the selected row, so as to store charge in
the capacitor of each pixel of the selected row
according to a tone to be displayed on the pixel, and

in a non-selected row, said control section varies a
potential of the first scanning electrode while not
conducting the transistor active element of each pixel
of the non-selected row by controlling a potential of
the second scanning electrode of the non-selected
row, so as to discharge stored charge in the capacitor
of each pixel of the non-selected row via the diode
emitting element.
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