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ORGANIC ELECTROLUMINESCENCE
DISPLAYING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The presentinvention relates to an organic EL (elec-
troluminescence) displaying apparatus.

[0003] 2. Description of the Related Art

[0004] An organic EL displaying apparatus is constituted
by arranging pixels each having an organic EL element on a
substrate in a matrix form. In each pixel, the organic EL
element is connected in series to a transistor for driving the
organic EL element (hereinafter, called a driving transistor)
and a power supply line for supplying power to the organic EL
element. Here, Japanese Patent Application Laid-Open No.
2003-122301 discloses a constitution of achieving a satisfac-
tory moving image displaying characteristic by further pro-
viding in series a transistor for controlling an emission period
(hereinafter, called an emission period controlling transistor)
between the power supply line and the organic EL element.
[0005] Further, since the organic EL displaying apparatus
is a self-emitting displaying apparatus, there is an advantage
capable of securing high contrast as compared with a liquid
crystal displaying apparatus. Furthermore, several kinds of
organic EL displaying apparatuses constituted so that a user
can switch over a high-luminance displaying mode and a
low-luminance displaying mode according to a kind of image
data have been developed. Incidentally, there is a constitution
of achieving a low-luminance display by lowering a peak
value of luminance. However, since a current-luminance
characteristic of the organic EL element is not linear, a com-
plicated system is necessary to make a gamma characteristic
constant between the high-luminance displaying mode and
the low-luminance displaying mode. On the other hand, U.S.
Pat. No. 6,583,775 discloses a constitution of achieving a
low-luminance display by shortening an emission period
without changing a peak vale of luminance from that in a
high-luminance displaying mode.

[0006] However, in case of performing driving to control
the emission period as disclosed in Japanese Patent Applica-
tion Laid-Open No. 2003-122301, there is a case where a
defective display occurs by a leak current at a time when an
emission period controlling transistor is off, for the following
reason.

[0007] In the driving to control the emission period, a
desired gradation display is achieved by emission luminance
of the organic EL element in the emission period. In the
organic EL displaying apparatus of a voltage write driving
type, a data voltage being gradation displaying data is input as
a data signal from a data line to the driving transistor of each
pixel. The data voltage to be input as the data signal has a
voltage value between a minimum gradation displaying data
voltage and a maximum gradation displaying data voltage,
thereby performing the gradation display.

[0008] Further, an emission period and a non emission
period are defined by on and off states of the emission period
controlling transistor. When resistance at a time when the
emission period controlling transistor is off is not sufficiently
large, a leak current flows in the organic EL element even in
the non emission period in the driving sequence, whereby the
organic EL element emits light. When the emission lumi-
nance (also, merely called the luminance hereinafter) by the
leak current is larger than the luminance in the emission
period at the time of the minimum gradation display, light
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emission which is larger than the luminance in the emission
period at the time of the minimum gradation display is super-
posed in the non emission period. Thus, there is a problem
that a defective display such as a luminance variation, black
floating at the time of the minimum gradation display, or the
like occurs.

[0009] The above problem becomes more conspicuous in
the constitution of achieving the low-luminance display by
shortening the emission period, for the reason that a propor-
tion of the non emission period in the one frame period
becomes long. Thus, in this constitution, since a leak emis-
sion amount to be superposed further increases, the contrast
deteriorates.

SUMMARY OF THE INVENTION

[0010] In consideration of the above-described conven-
tional problem, the present invention aims to provide an
organic EL displaying apparatus which suppresses a defec-
tive display caused by a leak current at a time when an
emission period controlling transistor is off.

[0011] To achieve the above object, the present invention is
directed to an organic EL displaying apparatus which is char-
acterized by comprising: a plurality of pixels each of which
includes an organic EL element, a driving transistor config-
ured to supply a current according to potential of a gate
electrode to the organic EL element, and an emission period
controlling transistor connected in series to the organic EL
element and the driving transistor and configured to control
light emission of the organic EL element in response to a
control signal; a data line configured to apply a data voltage
according to gradation displaying data to the gate electrode of
the driving transistor; and a control line configured to supply
the control signal to a gate electrode of the emission period
controlling transistor, wherein, in a certain one of the pixels,
aresistance R, ILM between a source electrode and a drain
electrode of the emission period controlling transistor in an
off state of the emission period controlling transistor, and a
resistance R,, Dr between a source electrode and a drain
electrode of the driving transistor in a state that a minimum
gradation displaying data voltage has been applied to the gate
electrode of the driving transistor satisfy an expression (1) of
R, ILMZR,, Dr.

[0012] According to the present invention, the luminance
obtained by the leak current at the time when the emission
period controlling transistor is off in a non emission period
does not become larger than the luminance corresponding to
the minimum gradation displaying data in an emission period.
Therefore, it is possible to suppress that defective display
such as a luminance variation, black floating at the time of the
minimum gradation display, or the like occurs.

[0013] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram illustrating a constitution of an
organic EL displaying apparatus according to a first embodi-
ment.

[0015] FIGS. 2A and 2B are diagrams indicating a consti-
tution of'a pixel circuit of the organic EL displaying apparatus
and its driving method, according to the first embodiment.



US 2012/0127221 Al

[0016] FIG. 3 is a partial cross-section perspective diagram
illustrating a displaying region of the organic EL displaying
apparatus.

[0017] FIG. 4 is a diagram indicating a driving state of the
pixel circuit illustrated in FIG. 2A.

[0018] FIG. 5 is a wiring diagram for an evaluation of the
organic EL displaying apparatus in Example 1.

[0019] FIGS. 6A and 6B are diagrams for describing an
evaluation method in which the wiring diagram illustrated in
FIG. 5 is used.

[0020] FIG. 7 is a wiring diagram for another evaluation of
the organic EL displaying apparatus in Example 1.

[0021] FIG. 8 is a diagram illustrating a constitution of an
organic EL displaying apparatus according to a second
embodiment.

[0022] FIGS. 9A and 9B are diagrams indicating a consti-
tution of a pixel circuit of the organic EL displaying apparatus
and its driving method, according to the second embodiment.
[0023] FIG.10is a diagram indicating a driving state of the
pixel circuit illustrated in FIG. 9A.

[0024] FIG. 11 is a diagram illustrating a constitution of an
organic EL displaying apparatus according to a third embodi-
ment.

DESCRIPTION OF THE EMBODIMENTS

[0025] Hereinafter, organic EL displaying apparatuses
according to preferred embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. Here, it should be noted that scale sizes of the
respective drawings are different from the actuals because
respective members in the drawings are properly enlarged
and reduced to be easily recognized as necessary.

First Embodiment

[0026] FIG. 1 is a diagram illustrating a constitution of an
organic EL displaying apparatus 1 according to the first
embodiment of the present invention. In the present embodi-
ment, the organic EL displaying apparatus 1 has a displaying
region 10 in which a plurality of pixels 100 are two-dimen-
sionally arranged in the form of m rowsxn column (m, n are
natural numbers). Each of the pixels 100 in the displaying
region 10 is a red pixel, a blue pixel or a green pixel, and each
pixel has an organic EL element, a driving transistor and an
emission period controlling transistor. Here, the driving tran-
sistor supplies a current according to potential of the gate
electrode to the organic EL element, and the emission period
controlling transistor, which is connected between the source
electrode or the drain electrode of the driving transistor and
the organic EL element, controls light emission of the organic
EL element in response to a control signal. Incidentally, the
emission period controlling transistor may be connected
between a power supply line and the source electrode or the
drain electrode of the driving transistor. In other words, the
emission period controlling transistor may be disposed at any
location on a wiring route if it is possible to interrupt the
current flowing in the organic EL element, and the emission
period controlling transistor is connected in series to the
organic EL element and the driving transistor. In any case, a
pixel circuit (see FIG. 2A) is constituted by the organic EL
element, the power supply line, the driving transistor, the
emission period controlling transistor, and the like.

[0027] Further, the organic EL displaying apparatus 1 illus-
trated in FIG. 1 has data lines 121 each of which is used to
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supply a data voltage according to gradation displaying data
to the gate electrode ofthe driving transistor, and control lines
112 each of which is used to supply the control signal for
controlling the light emission of the organic EL element to the
gate electrode of the emission period controlling transistor.

[0028] Furthermore, the organic EL displaying apparatus 1
illustrated in FIG. 1 has a row controlling circuit 11 for
controlling the operation of the pixel circuit, and a column
controlling circuit 12 for controlling the data voltage to be
supplied to the data line. However, the organic EL displaying
apparatus may have a constitution not illustrated in FIG. 1 if
the relevant constitution has functions same as those of the
row and column controlling circuits.

[0029] The control signal is input from a driver IC or the
like (not illustrated) to the row controlling circuit 11, and a
plurality of control signals P1(1) to P1() and P2(1) to P2(m)
for controlling the pixel circuits are output from the respec-
tive output terminals of the row controlling circuit 11. Here,
the control signal P1 is input to the pixel circuit of each row
through a control line 111, and the control signal P2 is input
to the pixel circuit of each row through the control line 112. In
FIG. 1, the two control lines are connected to each output
terminal of the row controlling circuit 11. However, only one
control line or three or more control lines may be used accord-
ing to a constitution of the pixel circuit.

[0030] A video signal is input from the driver IC or the like
(not illustrated) to the column controlling circuit 12, and a
data voltage V ,,,, being the gradation displaying data (data
signal) according to the video signal is output from each
output terminal of the column controlling circuit. The data
voltage V ,,,,, output from the output terminal of the column
controlling circuit 12 is input to the pixel circuit of each
column through the data line 121, and has the voltage value
between the minimum gradation displaying data voltage and
the maximum gradation displaying data voltage, thereby per-
forming the gradation display.

[0031] FIG. 2A is a diagram illustrating an example of the
pixel circuit to be provided for each of the pixels 100, and
FIG. 2B is a timing chart indicating an example of a driving
sequence of the pixel circuit illustrated in FIG. 2A.

[0032] The pixel circuit illustrated in FIG. 2A is constituted
by a selecting transistor 161 acting as a switching transistor,
a driving transistor 162, an emission period controlling tran-
sistor 163, a storage capacitor 15, an organic EL element 17,
a power supply line 13, a grounding line 14, a data line 121,
and the control lines 111 and 112. Here, each of the selecting
transistor 161 and the emission period controlling transistor
163 is an N-type transistor, and the driving transistor 162 is a
P-type transistor. The selecting transistor 161 is disposed so
that its gate electrode is connected to the control line 111, its
drain electrode is connected to the data line 121, and its source
electrode is connected to the gate electrode of the driving
transistor 162. The driving transistor 162 is disposed so that
its source electrode is connected to the power supply line 13,
and its drain electrode is connected to the drain electrode of
the emission period controlling transistor 163. The emission
period controlling transistor 163 is disposed so that its gate
electrode is connected to the control line 112, and its source
electrode is connected to the anode of the organic EL element
17. The cathode of the organic EL element 17 is connected to
the grounding line 14. The storage capacitor 15 is disposed
between the power supply line 13 and the gate electrode of the
driving transistor 162.
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[0033] Itis preferable to provide the storage capacitor 15 as
in the present embodiment, for the reason that it is possible to
maintain the potential of the gate electrode of the driving
transistor 162. Moreover, it is preferable to provide the con-
trol line 111 and the selecting transistor 161 as in the present
embodiment, for the reason that it is possible to control the
supplying of the data voltage by the control line 111 and the
selecting transistor 161.

[0034] The driving transistor 162 may be an N-type tran-
sistor. In this case, it is desirable not to dispose the storage
capacitor 15 between the power supply line 13 and the gate
electrode of the driving transistor 162, but to dispose it
between the grounding line 14 and the gate electrode of the
driving transistor 162. Besides, each of the selecting transis-
tor 161 and the emission period controlling transistor 163
may be a P-type transistor.

[0035] In the timing chart illustrated in FIG. 2B, a one
frame period is divided into three periods, i.e., a program
period (period (B)), an emission period (period (C)) and a non
emission period (period (D)). Here, the program period is the
period in which the data voltage is written into the target
pixel, the emission period is the period in which the organic
EL element of the target pixel emits light, and the non emis-
sion period is the period in which the organic EL element of
the target pixel is controlled not to emit light. The emission
period and the non emission period are defined by on and off
states of the emission period controlling transistor. Inciden-
tally, a ratio of the emission period and the non emission
period subsequent to the program period in the one frame
period may arbitrarily be set. In the driving sequence of the
organic EL displaying apparatus 1 according to the present
embodiment, it only has to set the period (C) after the period
(B) on a time axis, and it is possible to set to have a time
interval between the period (C) and the period (B). In the
drawing, symbols V(i-1), V(i) and V(i+1) indicate the data
voltages V ., to be input respectively to the pixel circuits at
the (i-1)-th row (one-prior row of target row), the i-th row
(target row) and the (i+1)-th row (one-posterior row of target
row) on the target column.

[0036] A period (A) is the program period at the one-prior
row of the target row, and is also the period included in the
period (D) in the one-prior frame of the target row. In the pixel
circuit at the target row, a low-level signal is input to the
control line 111, whereby the selecting transistor 161 is set to
an off state. Consequently, the data voltage V(i-1) being the
gradation displaying data at the one-prior row is not input to
the pixel circuit at the i-th row being the target row.

[0037] Inthe period (B), a high-level signal is input to the
control line 111 in the pixel circuit at the target row, whereby
the selecting transistor 161 is set to an on state. Consequently,
the data voltage V(i) being the gradation displaying data at the
i-th row is not input to the pixel circuit at the i-th row being the
target row. Thus, an electric charge corresponding to the input
data voltage V(i) is charged to the storage capacitor 15,
whereby programming of the gradation displaying data is
performed. Further, in this period, a low-level signal is input
to the control line 112, whereby the emission period control-
ling transistor 163 is set to an off state. Consequently, a
current is not supplied to the organic EL element 17, whereby
the organic EL element 17 does not emit light.

[0038] In the period (C), a low-level signal is input to the
control line 111 in the pixel circuit at the target row, whereby
the selecting transistor 161 is set to an off state. Consequently,
the data voltage V(i+1) being the gradation displaying data at
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the next target row is not input to the pixel circuit at the i-th
row being the target row. Further, in this period, a high-level
signal is input to the control line 112, whereby the emission
period controlling transistor 163 is set to an on state. Conse-
quently, the electric charge charged to the storage capacitor
15 in the period (B) and the current corresponding to the
potential of the gate electrode of the driving transistor 162 are
supplied to the organic EL element 17, whereby the organic
EL element 17 emits light with the luminance of gradation
according to the supplied current.

[0039] In the period (D), a low-level signal is input to the
control line 112 in the pixel circuit at the target row, whereby
the emission period controlling transistor 163 is set to an off
state. Consequently, a current is not supplied to the organic
EL element 17, whereby the organic EL element 17 does not
emit light.

[0040] As described above, in the driving sequence of the
organic EL displaying apparatus 1 according to the present
embodiment, since the on state and the off state of the emis-
sion period controlling transistor 163 are controlled in
response to the control signal P2 supplied on the control line
112, the emission period of the organic EL element 17 is
controlled. Incidentally, in the present invention, driving for
performing emission period controlling implies driving hav-
ing a non emission period (period (D) in the above example)
other than a period (period (B) in the above example) in which
programming of a target row is performed in a driving
sequence.

[0041] FIG. 3 is a partial cross-section perspective diagram
illustrating the displaying region 10 of the organic EL dis-
playing apparatus 1 illustrated in FIG. 1. In the organic EL
displaying apparatus 1 of FIG. 3, a circuit element layer 181
is formed on a substrate. Here, a switching transistor (not
illustrated), a driving transistor (not illustrated), a wiring
structure (not illustrated) consisting of a control line, a data
line, a power supply line and a grounding line, and a storage
capacitor (not illustrated) are formed in the circuit element
layer 181. A planarization layer 182 is formed on the circuit
element layer 181. Further, a contact hole (not illustrated) for
connecting a first electrode 171 formed on the planarization
layer and the circuit element layer 181 to each other is formed
in the planarization layer 182. Further, an organic component
layer 172 having at least a light emission layer and a second
electrode 173 are formed in this order on the first electrode
171.

[0042] The first electrodes 171 are separately formed for
the respective pixels. In FIG. 3, the organic component layer
172 is continuously formed across the adjacent pixels. How-
ever, when emission colors of the adjacent pixels are different
from each other, it is necessary to form at least the emission
layer for each pixel. For example, when the emission layer is
formed by a mask vapor deposition method, the emission
layer forming region can be defined using a shadow mask
having an opening portion at the region corresponding to the
pixel. The second electrode 173 is formed entirely on the
displaying region 10, and is connected to the grounding line
14 (not illustrated) at a region outside the displaying region
10. However, the second electrode 173 may be connected to
the grounding line 14 within the displaying region 10. Here,
alaminated body which consists of the first electrode 171, the
second electrode 173, and the organic component layer 172
interposed between the first electrode 171 and the second
electrode 173 is called the organic EL element 17. Inciden-
tally, as illustrated in FIG. 3, the emission region of each of
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the organic EL elements 17 may be partitioned by banks 183
provided so as to cover the edges of the first electrode 171 on
the planarization layer 182. In other words, the emission
region of each of the organic EL elements may be partitioned
by the opening provided on the bank 183 in correspondence
with the first electrode 171.

[0043] Although not illustrated, a sealing structure for pro-
tecting the organic EL element 17 from moisture and oxygen
may be formed on the second electrode 173. As the sealing
structure, it is possible to use a structure that a protection layer
of a single layer or laminated plural layers is provided, a
structure that a sealing member consisting of a glass sub-
strate, a sealing cap or the like is provided, or a structure that
the sealing member is provided on the protection layer.
[0044] The constitution of the organic EL displaying appa-
ratus 1 illustrated in FIG. 3 can be formed using known
materials in a known method. Incidentally, the organic EL
element 17 illustrated in FIG. 3 may be either of a top-
emission organic EL element and a bottom-emission organic
EL element.

[0045] Incidentally, a driving circuit which is suitably used
in the organic EL displaying apparatus 1 in the present
embodiment is constituted so as to satisfy the following
expression (1) or (2) in the driving sequence as illustrated in
FIGS. 2A and 2B.

R,y ILMZR,, Dr 1)
Ileakglbk (2)
[0046] The symbol R, ILM indicates the resistance

between the source electrode and the drain electrode of the
emission period controlling transistor 163 at a time when the
emission period controlling transistor 163 is off. Here, the
time when the emission period controlling transistor 163 is
off is equivalent to the state that the voltage between the gate
and the source of the emission period controlling transistor
163 is set to be equal to or smaller than a threshold voltage.
The symbol R,, Dr indicates the resistance between the
source electrode and the drain electrode of the driving tran-
sistor 162 in a state that the data voltage (minimum gradation
displaying data voltage) for flowing the current according to
the minimum gradation in the organic EL element is applied
to the gate electrode of the driving transistor 162.

[0047] The symbol I, indicates the value of the leak cur-
rent flowing in the organic EL element in a state that the data
voltage (maximum gradation displaying data voltage) for
flowing the current according to the maximum gradation in
the organic EL element is applied to the gate electrode of the
driving transistor 162 and in the non emission period in which
the emission period controlling transistor 163 is off. The
symbol I, indicates the value of the current flowing in the
organic EL element in the state that the minimum gradation
displaying data voltage is applied to the gate electrode of the
driving transistor 162 and in the emission period in which the
emission period controlling transistor 163 is on.

[0048] Inthe present embodiment, since the driving circuit
satisfies the above expression (1) or (2), the emission lumi-
nance of the organic EL element by the leak current at the time
when the emission period controlling transistor 163 is off is
not larger than luminance (hereinafter, called minimum gra-
dation luminance L, ;) corresponding to the minimum grada-
tion displaying data in the emission period, even in case of
performing the driving to control the emission period. There-
fore, the light emission which is larger than the minimum
gradation luminance in the emission period is not superposed
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in the non emission period, whereby it is possible to suppress
that a luminance variation occurs.

[0049] Subsequently, the reason why the occurrence of the
luminance variation can be suppressed by satisfying the
above expression (1) or (2) will be described with reference to
FIG. 4.FIG. 4 is the diagram indicating the states of the pixel
circuit illustrated in FIG. 2A in the periods (C) and (D)
illustrated in FIG. 2B. In the periods (C) and (D), since the
selecting transistor 161 is in the off state and is thus electri-
cally disconnected from the data line 121, the selecting tran-
sistor 161 and the data line 121 are omitted from the drawing.
On the other hand, the emission period controlling transistor
163 is illustrated as the resistor.

[0050] More specifically, (1) of FIG. 4 shows the pixel
circuit in the period (C) and (2) of FIG. 4 shows the pixel
circuit in the period (D), in the case where the minimum
gradation displaying data voltage is applied to the gate elec-
trode of the driving transistor 162. Further, (3) of FIG. 4
shows the pixel circuit in the period (C) and (4) of FIG. 4
shows the pixel circuit in the period (D), in the case where the
maximum gradation displaying data voltage is applied to the
gate electrode of the driving transistor 162.

[0051] Itshould be noted that, in the following description,
the one frame period in which the minimum gradation dis-
playing data is programmed in the program period of the
target pixel may be called a minimum gradation displaying
time, and the one frame period in which the maximum gra-
dation displaying data is programmed in the program period
of the target pixel may be called a maximum gradation dis-
playing time.

[0052] The resistance between the source electrode and the
drain electrode of the driving transistor 162 in the states of (1)
and (2) of FIG. 4 is indicated by R,, Dr, and the resistance
between the source electrode and the drain electrode of the
driving transistor 162 in the states of (3) and (4) of FIG. 4 is
indicated by R,,,, Dr. Moreover, the resistance between the
source electrode and the drain electrode of the emission
period controlling transistor 163 in the states of (1) and (3) of
FIG. 4 is indicated by R_,, ILM, and the resistance between
the source electrode and the drain electrode of the emission
period controlling transistor 163 in the states of (2) and (4) of
FIG. 4 is indicated by R, ILM.

[0053] Inthestate of (1) of FIG. 4, the current I, according
to a voltage between power supply line potential V. and
grounding line potential V__,,,, the resistances R,, Dr and
R,, ILM, and the voltage drops in the circuit elements other
than the driving transistor 162 and the emission period con-
trolling transistor 163 on the wiring route between the power
supply line and the grounding line flows in the organic EL
element. The emission luminance of the organic EL element
at this time is the minimum gradation luminance L.

[0054] Inthe state of (2) of FIG. 4, a current I,, offaccord-
ing to the voltage between the power supply line potential V..
and the grounding line potential V., the resistances R,
DrandR,, ILM, and the voltage drops in the circuit elements
other than the driving transistor 162 and the emission period
controlling transistor 163 on the wiring route between the
power supply line and the grounding line flows in the organic
EL element.

[0055] Inthe state of (3) of FIG. 4, a current I, according
to the voltage between the power supply line potential V. and
the grounding line potential V,_,,,, the resistances R, ;, Dr
and R,,, ILM, and the voltage drops in the circuit elements
other than the driving transistor 162 and the emission period
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controlling transistor 163 on the wiring route between the
power supply line and the grounding line flows in the organic
EL element. The emission luminance of the organic EL ele-
ment at this time is the luminance corresponding to the maxi-
mum gradation displaying data, and is called maximum gra-
dation luminance L, ,,.

[0056] Inthe state of (4) of FIG. 4, the current I, , accord-
ing to the voltage between the power supply line potential V __
and the grounding line potential V___ ., the resistances R, ;,
DrandR,, ILM, and the voltage drops in the circuit elements
other than the driving transistor 162 and the emission period
controlling transistor 163 on the wiring route between the
power supply line and the grounding line flows in the organic
EL element. The emission luminance of the organic EL ele-
ment at this time is called maximum gradation leak lumi-
nance L, .. Hereinafter, also in a case where the data voltage
other than the maximum gradation displaying data is pro-
grammed to the gate electrode of the driving transistor 162,
the current flowing in the organic EL element and the emis-
sion luminance of the organic EL element in the period (D) or
when the emission period controlling transistor 163 is off are
called the leak current and the leak luminance respectively.
[0057] Since the state of (1) of FIG. 4 corresponds to the
minimum gradation displaying time and the state (4) of FIG.
4 corresponds to the time when the emission period control-
ling transistor is off, the currents flowing in the organic EL
element are small in both the states, whereby the voltage
drops in the organic EL element can be considered to be
equivalent in both the states of (1) and (4) of FIG. 4. There-
fore, in the states of (1) and (4) of FIG. 4, the voltage between
the power supply line potential V__ and the grounding line
potential V.. and the voltage drops in the circuit elements
other than the driving transistor 162 and the emission period
controlling transistor 163 on the wiring route between the
power supply line and the grounding line are common. Con-
sequently, the magnitude relation between I,; and I, is
determined by the magnitude relation between the combined
resistance of R, Drand R_,, ILM and the combined resis-
tance of R,,;, Dr and R, ILM. Here, since R,,, ILM and
R, Dr are sufficiently smaller than R,; Dr and R, mM
respectively, the magnitude relation between I,, and I, is
determined by the magnitude relation between R,; Dr and
R, ILM.

[0058] Consequently, when the above expression (1) is sat-
isfied, then the above expression (2) can be satisfied. Gener-
ally, a current-luminance characteristic of the organic EL
element has a positive correlation. Therefore, when it can be
confirmed that either the above expression (1) or (2) is satis-
fied in a certain pixel, it is said that the maximum gradation
leak luminance L, is controlled to be equal to or smaller
than the minimum gradation luminance L, in the relevant
certain pixel. Incidentally, in a defective pixel which includes
a defective transistor or the like produced in a manufacturing
process, there is a case where either the above expression (1)
or (2) is satisfied. However, in the present invention, the
relevant defective pixel is not considered as the target, but
only a normal pixel is considered as the target.

[0059] Here, the defective pixel will be defined as follows.
That is, the same gradation displaying data is programmed to
all the pixels within the displaying region, a proportion of the
emission period in the periods other than the program period
in the one frame period is set to t, and the organic EL display-
ing apparatus is driven so as to satisfy 0<t=1. Here, average
luminance in the one frame period of the average luminance
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in the displaying region obtained by measuring the luminance
of the overall displaying region is set to L,,,,,,,- At this time,
when the average luminance in the one frame period of a
certain pixel is equal to or smaller than 0.8 L, or equal to
orlargerthan1.2L,,_ .., the relevant certain pixel is defined as
the defective pixel. This is because the pixel of which the
luminance is within a range of0.8 L,,,_,,, or smaller or a range
of 1.2 L., or higher impairs uniformity in the displaying
region. Namely, it should be noted that the normal pixel is the
pixel which does not correspond to the defective pixel. Inci-
dentally, it should be noted that the average luminance in the
one frame period can be obtained by dividing the accumu-
lated luminance in the one frame period by the time of the one
frame period, and that the accumulated luminance is the value
which is obtained by temporarily integrating the emission
luminance of the organic EL element for the one frame
period.

[0060] Incidentally, the luminance of the displaying region
and the luminance of the pixel are measured in the following
manner. Namely, a measuring range is first set on the overall
displaying region or the partial pixel by using a luminance
measuring unit. Then, when the organic EL displaying appa-
ratus is driven in this state, the luminance on the overall
displaying region or the partial pixel can be measured by the
luminance measuring unit at each timing in the driving
sequence or in the predetermined period. In any case, for
example, a measuring unit in which a photosensor and an
oscilloscope are mutually connected to each other can be used
as the luminance measuring unit.

[0061] Concretely, the defective pixel includes a black-spot
pixel in which the organic EL element does not emit light
even in the emission period, a bright-spot pixel in which the
organic EL element emits light with luminance (e.g., lumi-
nance equal to or higher than the maximum gradation lumi-
nance) higher than that of the normal pixel even at the mini-
mum gradation displaying time or in the non emission period,
and the like. In the black-spot pixel, when the maximum
gradation displaying data is programmed as an example to all
the pixels within the displaying region, the proportion t of the
emission period in the periods other than the program period
in the one frame period is set to 0.7, and the organic EL
displaying apparatus is driven, then the luminance is equal to
or smaller than 0.8 of the average luminance L, ,, in the
displaying region. Thus, the black-spot pixel corresponds to
the defective pixel. Besides, in the bright-spot pixel, when the
minimum gradation displaying data is programmed as an
example to all the pixels within the displaying region, the
proportion t of the emission period in the periods other than
the program period in the one frame period is set to 0.7, and
the organic EL displaying apparatus is driven, then the lumi-
nance is equal to or higher than 1.2 L,,,, in the displaying
region. Thus, the bright-spot pixel corresponds to the defec-
tive pixel.

[0062] More specifically, the black-spot pixel is generated
when short circuit between the first electrode and the second
electrode, lack of the partial wiring in the circuit element
layer, or the like occurs due to contamination of a foreign
matter in the manufacturing process. Besides, the bright-spot
pixel is generated when short circuit among the partial wir-
ings in the circuit element layer, short circuit between the gate
electrode and the activate layer, the source electrode or the
drain electrode of the transistor, or the like occurs due to
contamination of a foreign matter in the manufacturing pro-
cess.
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[0063] In the driving for the emission period control, the
gradation display is performed based on the emission lumi-
nance of the organic EL element in the emission period (C),
and each gradation is set as the luminance between the mini-
mum gradation luminance and the maximum gradation lumi-
nance based thereon. Incidentally, in the driving for the emis-
sion period control, the average luminance obtained by
dividing the accumulated luminance in the one frame period
by the time of the one frame period is viewed as brightness by
an observer. In the organic EL displaying apparatus 1 of the
present embodiment, since the emitted light of the leak lumi-
nance larger than the minimum gradation luminance being
the basis for setting the gradation in the non emission period
(D) is not superposed on the emitted light in the emission
period (C), it is possible to suppress a luminance variation at
the maximum gradation displaying time.

[0064] Further, in the above description, only the minimum
gradation luminance and the leak current flowing in the
organic EL element in the period (D) in the case where the
maximum gradation displaying data voltage is being applied
to the gate electrode of the driving transistor 162 are com-
pared with each other. In the case where the data voltage for
displaying the gradation lower than the maximum gradation
is being applied, the resistance between the source electrode
and the drain electrode of the driving transistor 162 is larger
thanR,,, Dr. Namely, when the above expression (1) or (2) is
satisfied, also the leak current in the case where the data
voltage for displaying the gradation lower than the maximum
gradation is being applied can be made smaller than I,,,
whereby it is possible to control the leak luminance to be
lower than the minimum gradation luminance. Therefore,
even when the data voltage for displaying the gradation lower
than the maximum gradation is applied, it is possible to sup-
press a luminance variation at each gradation displaying time,
as well as the case where the maximum gradation displaying
data voltage is applied.

[0065] As just described, in the present embodiment, even
when the driving for the emission period control is per-
formed, the leak luminance at the time when the emission
period controlling transistor in the non emission period is off
does not come to be larger than the minimum gradation lumi-
nance in the emission period. Therefore, it is possible to
suppress that a luminance variation occurs.

Example 1

[0066] A concrete example of the organic EL displaying
apparatus 1 according to the first embodiment will be
described hereinafter. Here, it should be noted that the present
invention is not limited to the following examples. Moreover,
it should be noted that the present invention is not limited by
the polarities or the sizes of the transistors used in the follow-
ing examples, the pixel arrangements, the pixel pitches, or the
like.

[0067] In this example, in the pixel circuit illustrated in
FIG. 2A, the selecting transistor 161 is an N-type transistor,
the driving transistor 162 is a P-type transistor, and the emis-
sion period controlling transistor 163 is an N-type transistor.
[0068] In this example, the two-dimensional arrangement
of the pixels 100 illustrated in FIG. 1 was set to 480 rowsx
1920 columns, and the pixel pitches of the pixels 100 in the
row direction and the column direction were set to 94.5 pm
and 31.5 um respectively. Further, the pixels 100 were con-
stituted so that pixels 100(R), 100(G) and 100(B) (all not
illustrated) respectively having the organic EL elements for
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emitting red (R) light, green (G) light and blue (B) light were
repeatedly arranged in the column direction in this order.
Although this example paid attention to the pixel 100(R)
having the organic EL element for emitting red light, it is of
course possible to pay attention to another pixel having the
organic EL element for emitting another color light.

[0069] The current value to be supplied to the organic EL
element of each pixel in the emission period at the maximum
gradation displaying time was set to 5x1077 A, and the gra-
dation displaying data was set so that the contrast in the case
where the proportion t (0<t=1) of the emission period in the
periods other than the program period in the one frame period
was 1 was 100000:1. Here, the contrast indicates the ratio of
the accumulated luminance at the maximum gradation dis-
playing time to the accumulated luminance at the minimum
gradation displaying time, and such a definition will be avail-
able hereafter.

[0070] In this example, under such a design condition, the
organic EL displaying apparatus 1 including the driving tran-
sistor 162 having its channel length L1 of 24 pm and its
channel width W1 of 10 um and the emission period control-
ling transistor 163 having its channel length [.2 of 4 pm and its
channel width W2 of 2.5 um was manufactured in consider-
ation of the above expressions (1) and (2).

[0071] As illustrated in FIG. 5, a wiring 190 including the
power supply line 13 and the grounding line 14 of the manu-
factured organic EL displaying apparatus 1 was connected to
a driving unit 19 through a flexible printed substrate 191.
More specifically, the wiring 190 was connected to a wiring
193 in the flexible printed substrate 191 through connection
portions 192 in the organic EL displaying apparatus 1, and
further the wiring 193 was connected to the driving unit 19
through connection portions 194 in the driving unit 19. In the
organic EL displaying apparatus 1, the wiring 190 was con-
nected to the pixel circuits of the pixels 100 in the displaying
region 10, the row controlling circuit 11, the column control-
ling circuit 12 and the like through a peripheral wiring region
101. Further, the power supply line 13 and the grounding line
14 were connected to the pixel circuits of the pixels 100 in the
displaying region 10 in the organic EL displaying apparatus 1,
and further connected respectively to a V. power supply 131
andaV,,,, power supply 141 in the driving unit 19.

[0072] The completed organic EL displaying apparatus 1
was driven according to the driving sequence condition illus-
trated in FIG. 2B, by setting the proportion t (0<t=1) of the
emission period in the periods other than the program period
in the one frame period to 0.7 and applying a voltage of 9.5V
as the power supply line voltage (i.e., the voltage between the
power supply line potential V,_ and the grounding line poten-
tal V.-

[0073] Then, it was evaluated whether or not the completed
organic EL displaying apparatus 1 satisfied the expression
(2). More specifically, the current value flowing in the organic
EL element 17 in a red pixel 100a (R) arbitrarily selected
from among the pixels 100 in the displaying region 10 was
measured. Since the same pixel circuit was used to all the
pixels and driven in the same manner, the color of the pixel to
be evaluated may be another color.

[0074] Here, a method of measuring the current value flow-
ing in the organic EL element included in a pixel 100a will be
described with reference to FIGS. 6 A and 6B. FIG. 6A is the
plan schematic diagram indicating the pixel 100a to be mea-
sured, a plurality of pixels 1005 adjacent to the pixel 1004,
and a laser beam irradiation region to be irradiated by a laser
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beam to separate the second electrode of the organic EL
element included in the pixel 1004 from other pixels. In FIG.
6A, the positional relations of the first electrode 171 and the
second electrode 173 of the pixel 100a and the plurality of
pixels 1004 are indicated, and the constitution below the first
electrode 171, the bank 183 and the organic component layer
172 are omitted. FIG. 6B is the schematic diagram indicating
the pixel circuit of the pixel 100a and a connected state of a
current measuring unit after the irradiation of the laser beam.

[0075] First, as illustrated in FIG. 6A, the laser beam is
irradiated to the periphery (i.e., the laser beam irradiation
region) of a first electrode 1714 in the pixel 100q to electri-
cally separate a second electrode 173a on the pixel 100a from
the second electrode 173 on the pixels 1005. Here, the laser
beam irradiation region may be a region in which the laser
beam is not irradiated to the first electrode 171a of the pixel
1004, and the laser beam may be irradiated to the plurality of
pixels 1005. When the bank 183 is provided, the laser beam
irradiation region may be a region in which the laser beam is
not irradiated to the opening portion of the bank 183 on the
first electrode 171a. Here, a YAG (yttrium aluminum garnet)
laser may be used as a laser for irradiating the laser beam.

[0076] Subsequently, as illustrated in FIG. 6B, the current
measuring unit is electrically connected between the second
electrode 173a of the pixel 100a and the grounding line
potential V___ ... In this state, when the organic EL displaying
apparatus 1 is driven according to the driving sequence illus-
trated in FIG. 2B, the current value flowing in an organic EL
element 17a of the pixel 100a can be measured by the current
measuring unit at each timing in the driving sequence. Here,
an ammeter, an oscilloscope, a semiconductor parameter ana-
lyzer or the like can be used as the current measuring unit.
[0077] First, the minimum gradation displaying data volt-
age was programmed to the pixel 100a (R) in the period (B) of
FIG. 2B. Then, the voltage of 12V was applied as a high level
signal to the control line 112 of the pixel 100a (R) in the
period (C). At this time, when the current I,, flowing in the
organic EL element 17 of the pixel 100a (R) in the period (C)
was measured by the above measuring method, the current
value of 510712 A was obtained. Incidentally, the measuring
timing may be set as arbitrary one timing in the period (C).
Alternatively, the average current value in a predetermined
period included in the period (C) may be set to .

[0078] Subsequently, the maximum gradation displaying
data voltage was programmed to the pixel 100a (R) in the
period (B). Then, the voltage of OV was applied as a low level
signal to the control line 112 of the pixel 100a (R) in the
period (D). At this time, when the current I, ., flowing in the
organic EL element 17 of the pixel 100a (R) in the period (D)
was measured, the current value of 5.4x107'* A was obtained.
Incidentally, the measuring timing may be set as arbitrary one
timing in the period (D). Alternatively, the average current
value in a predetermined period included in the period (D)
may be setto I, ;.

[0079] As a result of the measurement, I, ,=5.4x107"3
A=1,,=5x10""> A was obtained in the pixel 100a (R)
included in the organic EL displaying apparatus 1 in this
example, and this satisfied the above expression (2). There-
fore, in the pixel 100a (R), even in case of performing the
driving for controlling the emission period, the emission
luminance of the organic EL element due to the leak current
at the off time of the emission period controlling transistor
163 in the non emission period was not higher than the mini-
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mum gradation luminance in the emission period, whereby
the occurrence of the luminance variation could be sup-
pressed in the pixel 100a (R).

[0080] In the organic EL displaying apparatus 1 of the
present embodiment, the current value flowing in the organic
EL element 17 in each of other red pixels 100a (R) was
measured in the same manner as described above, all the
measured pixels satisfied the above expression (2). Since the
pixel circuit same as that in the red pixel is used to the blue
pixel and the green pixel, the occurrence of the luminance
variation can be suppressed for the pixels of all the colors.

[0081] When the luminance of the organic EL. element
included in the pixel 100a (R) was measured actually, the
maximum gradation leak luminance L, was smaller than
the minimum gradation luminance L,,. Subsequently, a
method of measuring the luminance of the organic EL ele-
ment included in a pixel 100a will be described. First, the
range to be measured is set in the pixel 100a by using the
luminance measuring unit. In this state, when the organic EL.
displaying apparatus 1 is driven according to the driving
sequence illustrated in FIG. 2B in the connection state illus-
trated in FIG. 6B, then the luminance of the organic EL
element 17 of the pixel 100a can be measured by the lumi-
nance measuring unit at each timing in the driving sequence.
Here, the measuring unit in which the photosensor is con-
nected to the oscilloscope can be used as the luminance mea-
suring unit.

[0082] Incidentally, the luminance may be measured before
the second electrode 173a on the pixel 100a and the second
electrode 173 on the pixels 1005 are electrically separated
from each other. Even in this case, when the organic EL
displaying apparatus 1 is driven according to the driving
sequence illustrated in FIG. 2B in the state that the measuring
range of the luminance measuring unit is being set to the pixel
1004, then the luminance of the organic EL element 17 of the
pixel 100a can be measured in the same manner at each
timing in the driving sequence.

[0083] (Modification of Example 1)

[0084] This modification is different from Example 1 in the
point that the current flowing in the organic EL element is not
evaluated for each pixel but the current flowing in the organic
EL element of the pixel 100 is evaluated for each row. More
specifically, it is evaluated whether or not a sum total I,
1LINE ofthe current I, flowing in the organic EL element of
each pixel included in an arbitrarily selected k-th row and a
sum total I,,,, 1LINE of the current I,,,, flowing in the
organic ELL element of each pixel of the k-th row satisfy the
following expression (2)'. Here, k is a natural number.

Loy \LINE<I,, 1LINE Q)

[0085] First, as well as Example 1, the organic EL display-
ing apparatus 1 was manufactured. Then, the wiring 190
including the power supply line 13 and the grounding line 14
of the manufactured organic EL displaying apparatus 1 was
connected to a driving unit 19' through the flexible printed
substrate 191, as illustrated in FIG. 7. Here, the driving unit
19' is the same as the driving unit 19 except that the connec-
tion portion 194 connected to the ground line 14 is not con-
nected to the V., power supply 141. Then, the organic EL
displaying apparatus was driven according to the driving
sequence illustrated in FIG. 2B, and the sum total of the
current values flowing in the organic EL elements 17 of all the
pixels 100 within the displaying region 10 was evaluated.
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[0086] A method of measuring the sum total of the current
values flowing in the organic EL elements of all the pixels
within the displaying region in this modification will be
described with reference to FIG. 7. Namely, FIG. 7 is the
schematic diagram illustrating the connection state of the
current measuring unit.

[0087] Asillustrated in FIG. 7, the current measuring unit is
electrically connected between a wiring end 195 connected to
the grounding line 14 and a wiring end 196 connected to the
V com pOWer supply 141 in the driving unit 19'. In this state,
when the organic EL displaying apparatus 1 is driven accord-
ing to the driving sequence illustrated in FIG. 2B, the sum
total of the current values flowing in the organic EL elements
of all the pixels within the displaying region can be measured
at each timing in the driving sequence. Here, the ammeter, the
oscilloscope, the semiconductor parameter analyzer or the
like can be used as the current measuring unit.

[0088] Inthis sum total measuring method, for all the rows,
the minimum gradation displaying data voltage was pro-
grammed to each pixel included in each row in the period (B)
ofeach row, and the voltage of 12V was applied as a high level
signal to the control line 112 of each row in the period (C) of
each row. At this time, when a sum total I1 of the current
values flowing in the organic EL elements 17 of all the pixels
100 within the displaying region 10 in the period (C) at an
arbitrarily selected measurement-target row (k-th row) was
measured, the current value of 34.1x1077 A was obtained. In
this modification, k=50 was set. In any case, although k=50
was set, k may be a natural number which satisfies k=480 in
this modification. Incidentally, the measuring timing may be
set as arbitrary one timing in the period (C) at the k-th row.
[0089] Moreover, in the period (B) of each row, the maxi-
mum gradation displaying data voltage was programmed to
each pixel included in the k-th row, and the minimum grada-
tion displaying data voltage was programmed to each pixel
included in each of all the rows other than the k-th row. Then,
in the period (D) of each row, the voltage of 0V was applied
as alow level signal to the control line 112 of each row. At this
time, when a sum total 12 of the current values flowing in the
organic EL elements 17 of all the pixels 100 within the dis-
playing region 10 in the period (D) at the k-th row was
measured, the current value of 34.0x10~7 A was obtained.
Incidentally, the measuring timing may be set as arbitrary one
timing in the period (D) at the k-th row.

[0090] Therefore, sum total 12=34.0x10~7 A=sum total
11=34.1x10"7 A was obtained in this modification.

[0091] Here, the sum total of the currents flowing in the
respective pixels included in all the rows other than the k-th
row at the I1 measuring time is equal to that at the 12 measur-
ing time, a difference between the sum totals I1 and 12 of the
current values corresponds to a difference between the sum
total I, 1LINE of the current I, and the sum total I,
1LINE of the current I,, , respectively flowing in the organic
EL element 17 of each pixel included in the k-th row.

[0092] Therefore, the relation of the expression (2)" was
satisfied in this modification. When the sum total I, 1LINE
of the current I, and the sum total I, ,, 1LINE ofthe current
1, respectively flowing in the organic EL element of each
pixel included in the k-th row satisfy the relation of the
expression (2)', the average of the current values flowing in
the organic EL element of each pixel included in the k-th row
calculated from each sum total current satisfies the expression
(2). Therefore, the occurrence of the luminance variation of
the average luminance for each row could be suppressed in
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the k-th row. As just described, it is possible to evaluate the
relation of the expression (2) not by using the average value of
the currents for each pixel but by using the average value of
the currents for each row.

[0093] Further, the evaluation may be performed to the
plurality of continuous rows by performing the same mea-
surement. More specifically, it is evaluated whether or not a
sum total I,, LINES of the current I, flowing in the organic
EL element of each pixel included in continuous q rows from
arbitrarily selected k-th to (k+q-1)-th rows and a sum total
Loar LINES of'the current I, ., also flowing in the organic EL
element of each pixel included in the continuous q rows from
the arbitrarily selected k-th to (k+q-1)-th rows satisfy the
following expression (2)". Here, each of k and q is a natural
number.

Dow LINES=I,, LINES @"

[0094] By the measuring method like this, it is possible to
enlarge the value of the difference between these two currents
and thus make the magnitude relation comparison easy.

[0095] A method of measuring the difference between the
sum totals of the currents I, and I,,, for the continuous q
rows, in the same manner as that of measuring the difference
for the one row, will be described. Namely, for all the rows,
the minimum gradation displaying data voltage is pro-
grammed to each pixel included in each row in the period (B)
of'each row in the driving sequence, and a high level signal is
applied to the control line 112 of each row in the period (C) of
each row. At this time, a sum total 11' of the current values
flowing in the organic EL elements 17 of all the pixels 100
within the displaying region 10 is measured for the arbitrarily
selected measurement-target continuous rows from the k-th
row to the (k+q-1)-th row at arbitrary timing in the period in
which the high level signal is being applied to the control lines
112 of all of these rows.

[0096] Further, in the period (B) of each row, the maximum
gradation displaying data voltage is programmed to each
pixel of each of the plurality of measurement-target continu-
ous rows from the k-th row to the (k+q-1)-th row, and the
minimum gradation displaying data voltage is programmed
to each pixel of each of all the rows other than the rows from
the k-th row to the (k+q-1)-th row. Then, in the period (D) of
each row, a low level signal is applied to the control line 112
of each pixel of each row. At this time, a sum total 12' of the
current values flowing in the organic EL elements 17 of all the
pixels 100 within the displaying region 10 is measured at
arbitrary timing in the period in which the low level signal is
being applied to the control lines 112 of all the continuous
rows from the k-th row to the (k+q-1)-th row.

[0097] A difference between the sum totals I1' and 12' of the
current values thus measured corresponds to a difference
between the sum total I,, LINES of the current I, flowing in
the organic EL element 17 of each pixel of the continuous
rows from the k-th row to the (k+q-1)-th row and the sum
total I, LINES ofthe currentI,, ,, flowing in the organic EL
element 17 of each pixel of the continuous rows from the k-th
row to the (k+q-1)-th row, because the sum total ofthe current
flowing in each pixel of all the rows other than the continuous
rows from the k-th row to the (k+q-1)-th row in the I1'
measuring time is the same as that in the 12' measuring time.
[0098] By doing so, the difference between the sum total of
the current I, and the sum total of the current I, of the q
rows can be measured.
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[0099] Incidentally, with respect to the above-described
continuous q rows from the k-th row to the (k+q-1)-th row,
the period in which the high level signal is being applied to the
control lines 112 of all of these rows is present in a case where
the following expression (3) is satisfied.

q/m<t (3)

[0100] Further, with respect to the continuous q rows from
the k-th row to the (k+q-1)-th row, the period in which the low
level signal is being applied to the control lines 112 of all of
these rows is present in a case where the following expression
(4) is satisfied.

g/m<(1-1) @

[0101] Here, in the expressions (3) and (4), m is a natural
number indicating the number of all the rows within the
displaying region of the organic EL displaying apparatus, and
q is a natural number indicating the number q of the plurality
of continuous rows for which the difference between the sum
total of the current I, and the sum total of the current I,,,,
respectively flowing in the organic EL element 17 is mea-
sured. Moreover, t is a real number indicating the proportion
t (0<t=1) of the emission period in the periods other than the
program period in the one frame period.

[0102] For the organic EL displaying apparatus 1 as well as
Example 1, g=100 was set, and the difference between the
sum total of the current I, and the sum total of the current I, ,,
of the 100 rows from the arbitrarily selected k-th (=50) row
was measured by the above-described method. The manufac-
tured organic EL displaying apparatus 1 has m=480, and
q=100 and t=0.7 here. Thus, the above expressions (3) and (4)
are satisfied. Consequently, the period in which the high level
signal is being applied to the control lines 112 of all of the
continuous q rows from the k-th row to the (k+q-1)-th row
and the period in which the low level signal is being applied
to the control lines 112 of all of these rows are present.
Incidentally, the high level signal to be applied to the control
line 112 in the period (C) of each row was set to 12V, and the
low level signal to be applied to the control line 112 in the
period (D) of each row was set to OV. At this time, the sum
total I1' of the currents I, flowing in the organic EL elements
17 of all the pixels 100 within the displaying region 10 was
36.6x1077 A, and the sum total 12' of the currents I, flowing
in the organic EL elements 17 of all the pixels 100 within the
displaying region 10 was 28.0x10~7 A. Therefore, in this
modification, the sum total I,, LINES of the current I, and
the sum total I,_,, LINES of the current I, respectively
flowing in the organic EL element of each pixel included in
the continuous rows from the k-th (=50) row to the (k+99)-th
row satisfied the relation of the above expression (2)". For this
reason, the average of the current values flowing in the
organic EL element of each pixel included in the continuous
rows from the k-th row to the (k+99)-th row calculated from
each sum total current satisfies the expression (2). Conse-
quently, the occurrence of the luminance variation of the
average luminance for the each 100 rows could be suppressed
in the continuous rows from the k-th row to the (k+99)-th row.
[0103] Further, the sum total I, LINES of the current I,
and the sum total I, ., LINES ofthe current I, ,, respectively
flowing in the organic EL element of each pixel included in
the plurality of rows, for the plurality of continuous rows (100
rows) from the k-th (k=1, 101, 201, 301) row to the (k+99)-th
row and the plurality of continuous rows (80 rows) from the
401-st row to the 480-th row, were evaluated. As a result, the
relation of the above expression (2)" was satisfied in all of the
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plurality of rows. Consequently, in the organic EL displaying
apparatus 1 in the modification, the occurrence of the lumi-
nance variation of the average luminance in the displaying
region 10 could be suppressed.

[0104] Incidentally, the average luminance, for each row or
the plurality of rows, of the luminance of the organic EL
element included in each pixel can be likewise measured by
setting the measuring range of the luminance measuring unit
to each row or the plurality of rows in the luminance measur-
ing method in Example 1.

Comparative Example 1

[0105] This comparative example is an example that the
selecting transistor 161 is an N-type transistor, the driving
transistor 162 is a P-type transistor, and the emission period
controlling transistor 163 is an N-type transistor. The organic
EL displaying apparatus including the driving transistor 162
having its channel length of 24 jum and its channel width of 10
um and the emission period controlling transistor 163 having
its channel length of 4 pm and its channel width of 25 pm was
manufactured. The wiring connection construction and the
like of the organic EL displaying apparatus in this compara-
tive example are the same as those of the organic EL display-
ing apparatus in Example 1 except for the emission period
controlling transistor 163.

[0106] The organic EL displaying apparatus was driven
according to the same driving sequence condition as that in
Example 1, and the current value flowing in an organic EL
element 17 of ared pixel 100a' (R) (not illustrated) arbitrarily
selected from the plurality of pixels 100 within the displaying
region 10 was measured in the method described in Example
1. More specifically, when the current I,, flowing in the
organic EL element 17 of the pixel 1004 (R) in the period (C)
was measured, the current value of 5x107' A was obtained.
Moreover, when the current I,,,, flowing in the organic EL
element 17 of the pixel 100a' (R) in the period (D) was
measured, the current value of 5.8x107'2 A was obtained.

[0107] Inthe organic EL displaying apparatus of this com-
parative example, the current I, was large as compared with
Example 1 due to the size of the emission period controlling
transistor 163 different from that in Example 1, whereby the
above expression (2) was not satisfied in the pixel 100a' (R).
Moreover, when the current value flowing in the organic EL
element 17 was measured for other plurality of pixels 100 (R)
in the same manner as that described above in the organic EL.
displaying apparatus of this comparative example, the above
expression (2) was not satisfied in all of the measured pixels.

[0108] When the currents I, and I,, do not satisfy the
above expression (2), it can be said that the emission lumi-
nance (leak luminance) of the organic EL element due to the
leak current in the non emission period of the period (D) is
larger than the minimum gradation luminance in the emission
period. In the driving for the emission period control, the
gradation display is performed based on the emission lumi-
nance of the organic EL element in the emission period.
Consequently, in the pixel in which the leak luminance is
larger than the minimum gradation luminance, the emitted
light of the organic EL element at the leak luminance larger
than the minimum gradation luminance being the basis of the
gradation setting in the non emission period is superposed to
the emitted light in the emission period. Actually, the grada-
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tion display could not be performed correctly in this pixel,
and the luminance variation occurred.

Example 2

[0109] In the organic El displaying apparatus according to
the first embodiment, another concrete example different
from Example 1 will be described. The organic EL displaying
apparatus in this example is the same as the organic EL
displaying apparatus in Example 1 except that the polarities
of the selecting transistor 161 and the emission period con-
trolling transistor 163 in the pixel are the P type and the
contrast is set to 10000:1.

[0110] In the pixel circuit constitution illustrated in FIG.
2A, the selecting transistor 161 is the P-type transistor, the
driving transistor 162 is the P-type transistor, and the emis-
sion period controlling transistor 163 is the P-type transistor.
The current value to be supplied to the organic EL element of
each color pixel in the emission period at the maximum
gradation displaying time was set to 5x1077 A, and the gra-
dation displaying data was set so that the contrast in the case
where the proportion t (0<t=1) of the emission period in the
periods other than the program period in the one frame period
was 1 was 10000:1. In this example, under such a design
condition, the organic EL displaying apparatus including, in
each pixel, the driving transistor 162 having its channel length
of 24 um and its channel width of 10 um and the emission
period controlling transistor 163 having its channel length of
4 um and its channel width of 10 pm was manufactured in
consideration of the above expressions (1) and (2).

[0111] The manufactured organic EL displaying apparatus
was driven according to the driving sequence condition illus-
trated in FIG. 2B, by setting the proportion t (0<t=1) of the
emission period in the periods other than the program period
in the one frame period to 0.7 and applying a voltage of 9.5V
as the power supply line voltage (i.e., the voltage between the
power supply line potential V. and the grounding line poten-
tial V_,,,). Then, the current value flowing in the organic EL
element 17 included in a red pixel 100a (R) arbitrarily
selected from among the plurality of pixels in the displaying
region 10 was measured. Here, the method of measuring the
flowing current for each pixel described in Example 1 was
used as the current value measuring method.

[0112] Inthe period (B), the minimum gradation displaying
data voltage was programmed to the pixel 100a (R). Then, in
the period (C), the voltage of OV was applied as a low level
signal to the control line 112 connected to the pixel 1004 (R).
Atthis time, the current I, flowing in the organic EL element
17 of the pixel 100a (R) was measured in the period (C), the
current value of 5x10~!! A was obtained. Moreover, in the
period (B), the maximum gradation displaying data voltage
was programmed to the pixel 100a (R). Then, in the period
(D), the voltage of 12V was applied as a high level signal to
the control line 112 connected to the pixel 100a (R). At this
time, the current I, ,, flowing in the organic EL element 17 of
the pixel 100a (R) was measured in the period (D), the current
value of 2.0x10~'" A was obtained.

[0113] Therefore, in the organic EL displaying apparatus in
this example, the above expression (2) was satisfied in the
pixel 1004 (R). Consequently, the emission luminance of the
organic EL element by the leak current at the time when the
emission period controlling transistor 163 in the non emission
period was off was not larger than the minimum gradation
luminance in the emission period, even in case of performing
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the driving to control the emission period. Thus, the occur-
rence of the luminance variation in the pixel 100a (R) could
be suppressed.

[0114] Subsequently, a more appropriate constitution in the
organic EL. displaying apparatus of the first embodiment
which can switch over a high-luminance displaying mode and
a low-luminance displaying mode to each other by changing
the length of the emission period (C) using the emission
period controlling transistor will be described.

[0115] In the organic EL displaying apparatus of this
example, the mode switchover is performed by changing the
length of the emission period, without changing the peak
value of the luminance in the emission period between the
high-luminance displaying mode and the low-luminance dis-
playing mode. More specifically, the low-luminance display-
ing mode is achieved by shortening the emission period. In
this case, as the proportion of the non emission period in the
one frame period is prolonged by shortening the emission
period, the luminance variation due to the superposition of the
leak luminance in the non emission period becomes more
conspicuous. Moreover, since the superposed leak luminance
increases, a problem of deterioration of the contrast occurs.
[0116] Hereinafter, the deterioration of the contrast will be
described in detail. Here, as described above, the contrast
indicates the ratio between the accumulated luminance at the
maximum gradation displaying time and the accumulated
luminance at the minimum gradation displaying time.

[0117] Inthe one frame period, the proportion of the emis-
sion period in the periods other than the program period is
defined as t (0<t=1). With respect to the organic EL display-
ing apparatus which has the same constitution but of which
the value of't has been changed, degree of the deterioration of
the contract in case of t<1 in regard to the contrast in case of
t=1 will be concretely described. Since the power supply
voltage (i.e., the voltage between the power supply line poten-
tial V__ and the grounding line potential V__, ) is common to
these organic EL displaying apparatuses respectively having
the different values of't, the emission luminance corresponds
to the current value by the current-luminance characteristic of
the organic EL element. Moreover, in the current and voltage
regions within the range used in this example, since the cur-
rent-luminance characteristic of the organic EL element is
approximately linear, the accumulated luminance ratio indi-
cating the contrast and a total current-carrying amount ratio
are approximately coincident with each other. Consequently,
in what follows, the degree of the deterioration of the contrast
in case of t<1 in regard to the contrast in case of t=1 will be
described by using the ratio between the total current-carry-
ing amount to the organic EL element at the maximum gra-
dation displaying time and the total current-carrying amount
to the organic EL element at the minimum gradation display-
ing time. Moreover, in the driving sequence illustrated in FIG.
2B, since the program period (B) is sufficiently shorter than
the emission period (C) and the non emission period (D), the
program period will be disregarded in the following argu-
ment.

[0118] When the total current-carrying amounts to the
organic EL element in the one frame period at the maximum
gradation displaying time and the minimum gradation dis-
playing time are respectively represented by S, and S,,, S, ,,
and S, are respectively represented by the following expres-
sions (5) and (6).

Sun =Ll x(1-1) )
Spr=lyxt+ly,_ofx(1-1) (6)
[0119] It should be noted that the definitions of 1,,,, 1,4,

Lioais 1p_off have been described as above.
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[0120] Here, the organic EL displaying apparatus having
I, of 5x1077 A and I,, of 5x107*2 A, manufactured in
Example 1, is considered. The contrast in case of t=1 in this
apparatusis S, ;/S,. =1, ,/1,,=100000, from the above expres-
sions (5) and (6).

[0121] On the other hand, the approximate values of the
contrasts in a case where the values of I,, , and t are changed
are represented by Table 1 below. Here, I, and the resis-
tance R, ILM between the source electrode and the drain
electrode at the time when the emission period controlling
transistor 163 is off satisfy the relation of the following
expression (7).

Vee=Vocom=Ron_Dr+R o ALM+R D)ot (7

[0122] It should be noted that the expression (7) is the
relational expression of the voltage drop on the wiring route
between the power supply line and the grounding line in the
pixel circuit in the non emission period at the maximum
gradation displaying time in the state (4) of FIG. 4. Here, V..
indicates the power supply line potential, V__,,, indicates the
grounding line potential, R,, Dr indicates the resistance
between the source and drain electrodes of the driving tran-
sistor 162 in the state (4) of FIG. 4, and R, indicates the
resistance of the organic EL element 17 in the state (4) of FIG.
4. Moreover, the value of I,, . in Table 1 is the current value in
the case where the expression (2) is satisfied and I, is equal
to or smaller than I,,=5x107'2 A.

TABLE 1
Loz [A] t=1 t=0.7 t=05  t=025 t=0.05
5x 107 100000 99600 99000 97100 84200
1x 1072 100000 99200 98100 94400 72900
5x 1073 100000 96300 91700 78600 36700
1x 1072 100000 93300 85700 66700 24000
5x 1072 100000 82400 66700 40000 9530
[0123] Int<l,evenifl,,,, has any value, the contrast dete-

riorates due to the superposition of the leak current at the non
emission time, as compared with t=1. However, in consider-
ation of human sensitivity (visibility), it is desirable to have
the contrast equal to or higher than 70% of the contrast in t=1.
Therefore, it can be understood from Table 1 that it is desir-
ably for I, to have a value equal to or lower than 1x107'> A
in t=0.5, have a value equal to or lower than 5x107** A in
t=0.25, and have a value equal to or lower than 1x107** A in
t=0.05. In t=0.7, it is possible for the organic EL displaying
apparatus satisfying the above expression (2) to secure the
contrast equal to or higher than 70%. This can be expressed by
the following expression (8). Namely, when the organic EL
displaying apparatus in the first embodiment is set to have the
constitution that the high-luminance displaying mode and the
low-luminance displaying mode can be switched over by a
user according to a kind of image data, it is desirable that the
value of I, satisfies the relation of the following expression
(8), in regard to the proportion t (0<t=1) of the emission
period in the one frame period.
{L Xt Lo (1= W Lygxt+ 1y offx(1-0)}=S,,1/Sp:=0.
%L/ Ik

[0124] Inthis way, even when the low-luminance display is
performed by shortening the emission period in the organic
EL displaying apparatus in the first embodiment, it is possible
to achieve the high-contrast and satisfactory display. Thus, it
is more preferable. Incidentally, S,,, and S, can be measured
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for the one frame period by using the current measuring
method described in Example 1 or Modification of Example
1. Also, 1,5, 1;eurs 1r and I, off'in the expression (8) can be
measured by using the current measuring method described
in Example 1 or Modification of Example 1.

Second Embodiment

[0125] FIG. 8 is a diagram illustrating a constitution of an
organic EL displaying apparatus 1 according to the second
embodiment. Here, since the pixel configuration and the driv-
ing sequence in the present embodiment are different from
those in the first embodiment, the constitutions of a row
controlling circuit 11 and a column controlling circuit 12 in
the present embodiment are thus different from those in the
first embodiment. However, the cross-section constitution of
the displaying region in the present embodiment is the same
as that in the first embodiment.

[0126] Initially, the constitution of the organic EL display-
ing apparatus and the driving sequence will be described.
Here, in the organic EL displaying apparatus of the present
embodiment, the parts same as or corresponding to those in
the organic EL displaying apparatus of the first embodiment
illustrated in FIG. 1 are indicated by the same or correspond-
ing numerals and symbols respectively. Moreover, when the
operations of these parts are the same as those of the parts in
the first embodiment, the description thereof may be omitted
in the present embodiment. Also, the organic EL displaying
apparatus 1 of the present embodiment has a displaying
region 10 in which a plurality of pixels 100 are two-dimen-
sionally arranged in the form of m rowsxn column (m, n are
natural numbers), and each of the pixels 100 is a red pixel, a
blue pixel or a green pixel.

[0127] A plurality of control signals P1(1) to P1(m), P2(1)
to P2(m), and P3(1) to P3(m) for controlling the operations of
the pixel circuits are output from the respective output termi-
nals of the row controlling circuit 11. Here, the control signal
P1 is input to the pixel circuit of each row through a control
line 111, the control signal P2 is input to the pixel circuit of
each row through a control line 112, and the control signal P3
is input to the pixel circuit of each row through a control line
113. In FIG. 8, the three control lines are connected to each
output terminal of the row controlling circuit 11. However,
the number ofthe control lines is not limited to three. Namely,
two or less control lines, or four or more control lines may be
used according to a constitution of the pixel circuit.

[0128] A video signal is input from the driver IC or the like
(not illustrated) to the column controlling circuit 12, and a
data voltage V ,,,, being the gradation displaying data (data
signal) according to the video signal is output from each
output terminal of the column controlling circuit. Moreover,
a reference voltage V; is output from each output terminal.
The data voltage V ,,,, and the reference voltage V; output
from the output terminal of the column controlling circuit 12
are input to the pixel circuit of each column through a data line
121. Here, the data line 121 for supplying the data voltage
may be provided separately from a reference voltage line for
supplying the reference voltage, and the wiring connections
of these lines may be switched over.

[0129] FIG. 9A is a diagram illustrating an example of the
pixel circuitillustrated in FIG. 8, and FIG. 9B is a timing chart
indicating an example of the driving sequence of the pixel
circuit illustrated in FIG. 9A.

[0130] The pixel circuitillustrated in FIG. 9A is constituted
by a selecting transistor 161 acting as a switching transistor,
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a driving transistor 162, an emission period controlling tran-
sistor 163, an erasing transistor 264, a storage capacitor 15,
and an organic EL element 17.

[0131] Here, each of the selecting transistor 161, the emis-
sion period controlling transistor 163 and the erasing transis-
tor 264 is an N-type transistor, and the driving transistor 162
is a P-type transistor. The selecting transistor 161 is disposed
so that its gate electrode is connected to the control line 111,
its drain electrode is connected to the data line 121, and its
source electrode is connected to the storage capacitor 15. The
erasing transistor 264 is disposed so that its gate electrode is
connected to the control line 113, one of its source and drain
electrodes is connected to the gate electrode of the driving
transistor 162, and the other of its source and drain electrodes
is connected to the drain electrode of the driving transistor
162 and the drain electrode of the emission period controlling
transistor 163. The driving transistor 162 is disposed so that
its source electrode is connected to a power supply line 13,
and its drain electrode is connected to one of the source and
drain electrodes of the erasing transistor 264 and the drain
electrode of the emission period controlling transistor 163.
The emission period controlling transistor 163 is disposed so
that its gate electrode is connected to the control line 112, and
its source electrode is connected to the anode of the organic
EL element 17. The cathode of the organic EL element 17 is
connected to a grounding line 14. The storage capacitor 15 is
disposed among the selecting transistor 161, the gate elec-
trode of the driving transistor 162, and one of the source and
drain electrodes of the erasing transistor 264.

[0132] TItis preferable to provide the storage capacitor 15 as
in the present embodiment, for the reason that it is possible to
maintain the potential of the gate electrode of the driving
transistor 162. Further, it is preferable to provide the control
line 111 and the selecting transistor 161 as in the present
embodiment, for the reason that it is possible to control the
supplying of the data voltage by the control line 111 and the
selecting transistor 161. Furthermore, it is preferable to pro-
vide the control line 113 and the erasing transistor 264 as in
the present embodiment, for the reason that it is possible to
reduce an adverse effect of variation of a threshold voltage of
the driving transistor on the displaying characteristic by the
control line 113 and the erasing transistor 264.

[0133] Each of the driving transistor 162, the emission
period controlling transistor 163 and the erasing transistor
264 may be a P-type transistor.

[0134] In the timing chart illustrated in FIG. 9B, a one
frame period is divided into three periods, i.e., a program
period (periods (A) to (D)), an emission period (period (E))
and a non emission period (period (F)). Here, the program
period in FIG. 9B is the period in which all the rows are
programmed. More specifically, the program period includes
a program period of a target row (target-row program period)
in which the gradation displaying data is written into the pixel
of the target row (periods (B) and (C)) and a program period
of another row (another-row program period) in which the
gradation displaying data is written into the pixel of the row
other than the target row (periods (A) and (D)).

[0135] After the pixels of all the rows were programmed in
the program period, the pixels of all the rows simultaneously
emit light in the emission period, and simultaneously black
out in the non emission period. Here, the emission period is
the period in which the organic EL elements of the pixels of
all the rows including the pixel of the target row emit light,
and the non emission period is the period in which the organic
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EL elements of the pixels of all the rows including the pixel of
the target row are controlled not to emit light. The emission
period and the non emission period are defined by on and off
states of the emission period controlling transistor. Inciden-
tally, a ratio of the emission period and the non emission
period subsequent to the program period in the one frame
period may arbitrarily be set. In the drawing, symbols V(i-1),
V(i) and V(i+1) indicate the data voltages V ,,, to be input
respectively to the pixel circuits at the (i-1)-th row (one-prior
row of target row), the i-th row (target row) and the (i+1)-th
row (one-posterior row of target row) in the one frame period,
on the target column.

[0136] (A) Another-Row Program Period (Prior to Target
Row)
[0137] In this period, a low-level signal is input to each of

the control lines 111 and 113 in the pixel circuit at the target
row, whereby each of the selecting transistor 161 and the
erasing transistor 264 is set to an off state. Consequently, the
data voltage V(i-1) being the gradation displaying data at the
one-prior row is not input to the pixel circuit at the i-th row
being the target row. During this period, in the pixel at the
target row, the gradation displaying data programmed in the
immediately previous frame period is held in the storage
capacitor 15 until the program period of the target row starts.
At this time, the off state of the emission period controlling
transistor 163 is maintained.

[0138] (B) Discharge Period

[0139] In this period, a high-level signal is input to each of
the control lines 111 to 113 in the pixel circuit at the target
row, whereby each of the selecting transistor 161, the erasing
transistor 264 and the emission period controlling transistor
163 is set to an on state. Consequently, the data voltage V(i)
being the gradation displaying data of the target row is set to
the data line 121, and the data voltage V(i) is input to the side
of the data line 121 of the storage capacitor 15. Moreover,
each of the erasing transistor 264 and the emission period
controlling transistor 163 comes to an on state. Thus, the gate
electrode of the driving transistor 162 and the grounding line
14 are connected to each other through the organic EL ele-
ment 17. Consequently, the potential of the gate electrode of
the driving transistor 162 comes to have a potential close to
grounding line potential V,_,,, irrespective of the potential in
the immediately preceding state, and the driving transistor
162 comes to an on state.

[0140] (C) Program Period

[0141] In this period, a low-level signal is input to the
control line 112, whereby the emission period controlling
transistor 163 is set to an off state. Consequently, a current
flows from the drain electrode to the gate electrode in the
driving transistor 162, whereby the gate-source voltage of the
driving transistor 162 comes close to a threshold voltage of
the driving transistor 162. The gate voltage of the driving
transistor 162 at this time is input to the side of the storage
capacitor 15 which is connected to the gate electrode of the
driving transistor. Moreover, the data voltage V(i) being the
gradation displaying data of the corresponding row is still set
to the data line 121 from the period (B), and the data voltage
V(i) is input to the side of the data line 121 of the storage
capacitor 15. Consequently, an electric charge corresponding
to a voltage of a difference between the gate voltage of the
driving transistor 162 and the data voltage V(i) is charged to
the storage capacitor 15, whereby the gradation displaying
data voltage is programmed.
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[0142] (D) Another-Row Program Period (Posterior Row
of Target Row)

[0143] In this period, a low-level signal is input to each of
the control lines 111 and 113, whereby each of the selecting
transistor 161 and the erasing transistor 264 is set to an off
state. Consequently, even when the voltage of the data line
121 changes to the data voltage V(i+1) being the gradation
displaying data concerning the posterior row, the electric
charge charged to the storage capacitor 15 in the period (C) is
held. The pixel of the target row is on standby with this state
until the program of another row is completed. At this time,
the off state of the emission period controlling transistor 163
is maintained.

[0144] (E)Emission Period

[0145] In this period, a high-level signal is input to the
control lines 111 of all the rows, whereby the selecting tran-
sistors 161 included in the pixel circuits of all the rows are set
to an on state. Then, a reference voltage V, is set to the data
lines of all the columns. Consequently, the reference voltage
V; is input to the side of the data line 121 of the storage
capacitor 15. Since the erasing transistor 264 is in an off state
in this period, the electric charge charged to the storage
capacitor 15 in the period (C) is held. Therefore, the gate
voltage of the driving transistor 162 changes by a difference
between the data voltage V(i) and the reference voltage V.
[0146] After then, a high-level signal is input to the control
line 111 in the period (E) and the period (F), and a low-level
signal is input to the control line 113 in the period (E) and the
period (F). Consequently, the on state of the selecting tran-
sistor 161 and the off state of the erasing transistor 264 are
maintained in the period (E) and the period (F), whereby the
gate voltage of the driving transistor 162 is maintained con-
stant during these periods.

[0147] Moreover, in this period, a high-level signal is input
to the control line 112, whereby the emission period control-
ling transistor 163 is set to an on state. Consequently, a current
according to the potential of the gate electrode of the driving
transistor 162 is supplied to the organic EL element 17,
whereby the organic EL element 17 emits light with the
gradation luminance according to the supplied current.
[0148] (F)Non Emission Period

[0149] In this period, a low-level signal is input to the
control lines 112 of all the rows, whereby the emission period
controlling transistor 163 is set to an off state. Consequently,
the organic EL element 17 does not emit light in this period.
[0150] As just described, in the driving sequence of the
organic EL displaying apparatus 1 of the present embodi-
ment, the on state and the off state of the emission period
controlling transistor 163 are controlled in response to the
control signal P2 of the control line 112, whereby the emis-
sion period of the organic EL element 17 is controlled.
[0151] In the present embodiment, to suppress that a lumi-
nance variation occurs due to the current I, in the non
emission period, the emission period controlling transistor
163 and the driving transistor 162 are constituted so that the
resistances of them satisfy the expression (1) and the currents
values I,,,, and I,, satisfy the expression (2) in the above
driving sequence. Here, the respective definitions of the resis-
tance R, ILM of the emission period controlling transistor
163, the resistance R, Dr of the driving transistor 162, and
the currents values I,,, and I, are the same as those in the first
embodiment. That is, theresistance R , , ILM is the resistance
between the source electrode and the drain electrode of the
emission period controlling transistor 163 at the time when
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the emission period controlling transistor 163 is off. The
resistance R,; Dr is the resistance between the source elec-
trode and the drain electrode of the driving transistor 162 in
the emission period in the state that the minimum gradation
displaying data voltage is applied to the gate electrode of the
driving transistor 162. The current value I, is the value of
the current flowing in the organic EL element 17 in the non
emission period in the state that the maximum gradation
displaying data voltage is applied to the gate electrode of the
driving transistor 162. The current value I, is the value of the
current flowing in the organic EL element 17 in the emission
period in the state that the minimum gradation displaying data
voltage is applied to the gate electrode of the driving transistor
162. In this way, even when the driving for controlling the
emission period is performed by the organic EL displaying
apparatus in the present embodiment, the emission luminance
ofthe organic EL element by the leak current at the time when
the emission period controlling transistor 163 is off in the non
emission period is not larger than the minimum gradation
luminance in the emission period, whereby it is possible to
suppress that the luminance variation occurs.

[0152] Hereinafter, a comparative example of the present
embodiment will be described. Here, this comparative
example is equivalent to a case where, in the same constitu-
tion as that of the organic EL displaying apparatus in the
present embodiment, there are one or a plurality of pixels not
satisfying the above expressions (1) and (2) due to different
sizes or the like of the emission period controlling transistor
163.

[0153] Inthe pixel in which the resistances of the emission
period controlling transistor 163 and the driving transistor
162 and the current values I, and I,, do not satisfy the
expressions (1) and (2), it can be said that the emission lumi-
nance (leak luminance) of the organic EL element by the leak
current in the non emission period (F) is larger than the
minimum gradation luminance in the emission period of the
period (E). Further, the emission luminance (leak luminance)
ofthe organic EL element by the leak current in the period (D)
in the program period is sometimes larger than the minimum
gradation luminance in the emission period of the period (E).
More specifically, when the combined resistance of the resis-
tances R,,,,, Drand R, mM in a later-described state (1) of
FIG. 10 is smaller than the combined resistance of the resis-
tances R,, Drand R_, ILM in a later-described state (2) of
FIG. 10, the emission luminance (leak luminance) of the
organic EL element by the leak current in the period (D) is
larger than the minimum gradation luminance in the emission
period ofthe period (E). Furthermore, it can be said that, in the
period (A) of the program period, when the data voltage
programmed in the immediately preceding frame period is
equal to or higher than a certain gradation, the emission
luminance (leak luminance) of the organic EL element by the
leak current in the period (A) is larger than the minimum
gradation luminance in the emission period of the period (E).
In the driving for the emission period control, the gradation
display is performed based on the emission luminance of the
organic EL element in the emission period. Thus, in the pixel
in which the leak luminance is larger than the minimum
gradation luminance, the emitted light, at the leak luminance
larger than the minimum gradation luminance, of the organic
EL element in the non emission period, the period (A) or the
period (D) is superposed to the emitted light in the emission
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period. For this reason, the gradation display cannot be cor-
rectly performed in the relevant pixel, whereby the luminance
variation occurs.

[0154] Moreover, in the organic EL displaying apparatus in
the comparative example of the present embodiment, there is
a case where a problem of contrast deterioration due to occur-
rence of following black floating in addition to the luminance
variation occurs. This problem will be described with refer-
ence to FIG. 10.

[0155] FIG. 10 is the diagram indicating the states of the
pixel circuit illustrated in FIG. 9A in the periods (D), (E) and
(F) illustrated in FIG. 9B. In FIG. 10, the selecting transistor
161 and the data line 121 are omitted, and the emission period
controlling transistor 163 is illustrated as the resistor.

[0156] More specifically, (1) of FIG. 10 shows the pixel
circuit in the period (D). Further, (2) of FIG. 10 shows the
pixel circuit in the period (E) and (3) of FIG. 10 shows the
pixel circuit in the period (F), in the case where the minimum
gradation displaying data voltage is applied to the gate elec-
trode of the driving transistor 162. Further, (4) of FIG. 10
shows the pixel circuit in the period (E) and (5) of FIG. 10
shows the pixel circuit in the period (F), in the case where the
maximum gradation displaying data voltage is applied to the
gate electrode of the driving transistor 162.

[0157] Since the selecting transistor 161 and the erasing
transistor 264 are in an off state in the period (D) in the driving
sequence, the electric charge charged to the storage capacitor
15 in the period (C) is held. Since this is the electric charge
corresponding to the gate voltage of the driving transistor 162
at the time when the gate-source voltage of the driving tran-
sistor 162 comes close to the threshold voltage of the driving
transistor 162 in the period (C), the driving transistor 162 does
not come to be completely in the off state in the period (D)
irrespective of the gradation displaying data voltage set to the
data line 121 in the program period (C). Namely, the driving
transistor is in an intermediate state between the on state and
the off state.

[0158] Resistance between the source and drain electrodes
of the driving transistor 162 in this state is represented by
R,,,,, Dr. In the state (1) of FIG. 10, a current I, corre-
sponding to a voltage between power supply line potential V.
and grounding line potential V., resistances R,,,,, Drand
R, ILM, and a voltage drop on the wiring route between the
power supply line 13 and the grounding line 14 except for the
driving transistor 162 and the emission period controlling
transistor 163 flows in the organic EL element. Therefore, the
organic EL element emits light with luminance according to
the current I, _,,.

[0159] In the organic EL displaying apparatus 1 of the
present embodiment, since it is constructed that the resis-
tances of the emission period controlling transistor 163 and
the driving transistor 162 satisfy the expression (1), it is
possible to control the emission luminance of the organic EL
element to be equal to or smaller than the minimum gradation
luminance even in the state (1) of FIG. 10. Since the resistance
R,,,, Drofthedriving transistor 162 in the intermediate state
is smaller than the resistance R,, Dr in the state that the
minimum gradation displaying data voltage is applied to the
gate electrode of the driving transistor 162, the current I, ,;,
does not come to be larger than the current I,, flowing in the
organic EL element in the state (2) of FIG. 10, in the organic
EL displaying apparatus 1 of the present embodiment satis-
fying the expression (1). For this reason, it is possible to
control the emission luminance of the organic EL element by
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the leak current at the time when the emission period control-
ling transistor 163 in the period (D) is off to be equal to or
smaller than the minimum gradation luminance of the organic
EL element in the period (E). Therefore, when the minimum
gradation displaying data is programmed to the gate electrode
ofthe driving transistor 162 in the period (C), the emitted light
at the luminance larger than the minimum gradation lumi-
nance is not superposed in the period (D), whereby it is
possible to suppress the luminance variation at the time of the
minimum gradation display.

[0160] On the other hand, in the organic EL displaying
apparatus of the comparative example in the present embodi-
ment, the pixel in which the resistances of the emission period
controlling transistor 163 and the driving transistor 162 do not
satisfy the expression (1) is present, and there is a case where
the current I, ,,, comes to be larger than the current I, , in this
pixel. More specifically, when the combined resistance of the
resistances R, Drand R, ILM in the state (1) of FIG. 10
is smaller than the combined resistance of the resistances
R, Drand R, ILM in the state (2) of FIG. 10, the current
value I, is larger than the current I,,. In this case, in the
program period of the period (D), the light emission at the
luminance larger than the minimum gradation luminance in
the emission period of the period (E) occurs. Consequently, in
this pixel, when the minimum gradation displaying data volt-
age is programmed to the gate electrode of the driving tran-
sistor 162 in the period (C), the emitted light at the luminance
larger than the minimum gradation luminance in the period
(D) is superposed to the emitted light at the minimum grada-
tion luminance in the period (E), whereby the contrast dete-
riorates since the luminance variation at the time of the mini-
mum gradation display occurs.

[0161] Incidentally, to evaluate whether or not the display-
ing apparatus according to the second embodiment has been
manufactured, it only has to measure the current values I, ;.
and I, by using the current measuring method described in
Example 1 or Modification of Example 1.

Third Embodiment

[0162] In the first embodiment, the organic EL displaying
apparatus in which the emission period controlling transistor
is constituted by the single transistor has been described. In
the present embodiment, the organic EL displaying apparatus
has the emission period controlling transistor in which the
two transistors are connected in series by means of their
source or drain electrodes, and the common control line is
provided to the gate electrodes of these two transistors. FIG.
11 illustrates the pixel circuit according to the present
embodiment. Incidentally, the constitution of the organic EL.
displaying apparatus in the present embodiment is the same
as that of the organic EL displaying apparatus 1 in the first
embodiment except for the constitution of the emission
period controlling transistor, and also the driving sequence or
the like in the present embodiment is the same as that in the
first embodiment.

[0163] In the organic EL displaying apparatus of the
present embodiment, an off resistance R, ILM of an emis-
sion period controlling transistor 163 is the combined resis-
tance of the resistances between the source and drain elec-
trodes of a plurality of transistors 163 A and 163B constituting
the emission period controlling transistor 163 at a time when
these transistors are off. Therefore, the combined resistance
R,z ILM of the off resistances of the two transistors is set to
satisfy the expression (1), and current values I,,,, and I, are
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set to satisfy the expression (2). Here, the respective defini-
tions of the currents values I,,,, and I, are the same as those
in the first embodiment.

[0164] In the present embodiment, since the emission
period controlling transistor 163 is constituted by the plural-
ity of transistors 163A and 163B, it is possible to have the
following effect.

[0165] Generally, there is a case where an off resistance of
a transistor becomes small due to influence of static electric-
ity occurred in a manufacturing process of the transistor,
carrier transportation occurred through a level of crystal grain
boundary when the gate electrode and the crystal grain
boundary of the active layer are coincident, or the like. When
the emission period controlling transistor 163 is constituted
by a single transistor, there is a case where a defective pixel is
generated due to such adverse effects. On the other hand,
when the emission period controlling transistor 163 is con-
stituted by the plurality of transistors as in the present
embodiment, even if the off resistance of one transistor
becomes small due to the above adverse effects, the combined
resistance of the off resistances of the one register and the
other transistor may satisfy the expression (1). Therefore, it is
possible to more definitely achieve the organic EL displaying
apparatus which satisfies the expression (1). Consequently,
the current values I, and I, satisfy the expression (2), and
it is thus possible to suppress occurrence of a luminance
variation.

[0166] The emission period controlling transistor 163 may
be constituted to have three or more transistors mutually
connected in series and a control line common to these tran-
sistors. As the number of the transistors, connected in series,
of constituting the emission period controlling transistor 163
increases, it is possible to further improve the effect of sup-
pressing the occurrence of the luminance variation.

Example 3

[0167] A concrete example of the organic EL displaying
apparatus 1 according to Example 3 will be described here-
inafter.

[0168] In this example, in the pixel circuit illustrated in
FIG. 11, the selecting transistor 161 is an N-type transistor,
the driving transistor 162 is a P-type transistor, and the emis-
sion period controlling transistor 163 is an N-type transistor.
Here, the driving transistor 162 was set to have its channel
length of 24 um and its channel width of 10 um, and the
emission period controlling transistor was set to have the two
N-type transistors 163A and 163B each having its channel
length of 4 pm and its channel width of 2.5 um and being
connected in series by means of the respective source or drain
electrodes. Further, the common control line 112 connected
to the respective gate electrodes of the two transistors was set,
and the 100 organic EL displaying apparatuses having the
above constitutions were manufactured. The manufactured
organic EL displaying apparatus is the same as the organic EL,
displaying apparatus 1 in Example 1 except for the constitu-
tion concerning the emission period controlling transistor
163. Moreover, the organic EL displaying apparatus was
manufactured in the manufacturing process same as that in
Example 1.

[0169] Inthe manufactured organic EL displaying appara-
tus, the proportion t (0<t=1) of the emission period in the
periods other than the program period in the one frame period
was set to 0.7, a voltage of 9.5V was applied as the power
supply line voltage (i.e., the voltage between the power sup-
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ply line potential V_ and the grounding line potential V. ,.),
and one gradation displaying data on the low gradation side in
the intermediate gradation displaying data was programmed
to all the pixels and driven in the driving sequence illustrated
in FIG. 2B. Here, the intermediate gradation displaying data
is the remaining gradation displaying data other than the
minimum gradation displaying data and the maximum gra-
dation displaying data in all the gradation displaying data.
[0170] In the driving, the number of the manufactured
organic EL displaying apparatuses including the defective
pixels viewed with the luminance higher than the peripheral
pixels, and having the luminance equal to or higher than 1.2
L,.can Of average luminance L,,_,, in the displaying region
was zero. Subsequently, the arbitrary ten organic EL display-
ing apparatuses were selected from the 100 organic EL dis-
playing apparatuses, and the selected apparatuses were driven
according to the driving sequence condition illustrated in
FIG. 2B as well as Example 1. Then, in regard to one of the
arbitrarily selected ten organic EL displaying apparatuses, the
current value flowing in the organic EL element 17 included
in a red pixel 100a (R) arbitrarily selected from the plurality
of pixels 100 was evaluated by the method described in
Example 1. When the current I,, flowing in the organic EL
element 17 of the pixel 100a (R) in the period (C) was mea-
sured, the current value of 5x107'% A was obtained. More-
over, when the current I, ,, flowing in the organic EL element
17 of the pixel 1004 (R) in the period (D) was measured, the
current value of 1.8x107'* A was obtained, whereby the
expression (2) was satisfied. When the current values flowing
in the organic EL elements 17 of the plurality of other pixels
100 (R) were measured in the same manner, the relation ofthe
expression (2) was satisfied for all the measured pixels.
[0171] Also, for each of the remaining nine organic EL
displaying apparatuses in the arbitrarily selected ten organic
EL displaying apparatuses, when the current values flowing
in the organic EL elements 17 of the plurality of pixels 100
(R) in the displaying region were measured in the same man-
ner, the relation of the expression (2) was satisfied for all the
measured pixels in all the organic EL displaying apparatuses.
[0172] For the remaining 90 organic EL displaying appa-
ratuses, when the sum total of the currents flowing in the
organic EL elements included in the respective pixels was
evaluated for each row in the method described in Modifica-
tion of Example 1, the expression (2)' was satisfied for all the
measured rows in all the organic EL displaying apparatuses.
[0173] In the organic EL displaying apparatus in this
example, the expression (2) was satisfied for the pixel 100a
(R). For this reason, in the pixel 100a (R), the emission
luminance of the organic EL element 17 by the leak current at
the off time of the emission period controlling transistor 163
in the non emission period is not larger than the minimum
gradation luminance in the emission period even when the
driving for controlling the emission period is performed.
Therefore, since the same pixel circuit is formed not only for
the pixel 100a (R) but also for other color pixels, it is possible
to suppress the occurrence of the luminance variation for the
pixels of all the colors. Moreover, since the expression (2)'
was satisfied in the organic EL displaying apparatus in this
example, it was possible to suppress the luminance variation
of the average luminance for each row.

[0174] As a comparative example, the 100 organic EL dis-
playing apparatuses each having the constitution of Example
1 that the emission period controlling transistor 163 was
constituted by the single transistor were manufactured. In the
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manufactured organic EL displaying apparatus, the propor-
tiont (0<t=1) of the emission period in the periods other than
the program period in the one frame period was set to 0.7, a
voltage of 9.5V was applied as the power supply line voltage
(i.e., the voltage between the power supply line potential V..
and the grounding line potential V), and the intermediate
gradation displaying data same as that in Example 3 was
programmed to all the pixels and driven in the driving
sequence illustrated in FIG. 2B. At the time of the driving, the
15 organic EL displaying apparatuses each having the one or
two pixels having the higher luminance than that of the
peripheral pixels and thus being visible in the displaying
region were included.

[0175] With respect to the organic EL displaying apparatus
including the pixel having the higher luminance than that of
the peripheral pixels and thus being visible, when the current
flowing in the organic EL element of the relevant pixel in the
non emission period (D) was evaluated by the method
described in Example 1 in the state that the maximum grada-
tion displaying data voltage was applied to the gate electrode
of the driving transistor, the current of 5.0x107*° A to 6.0x
10~ A was obtained. When the luminance of the relevant
pixel was measured by setting the measuring range of the
luminance measuring unit to the relevant pixel, the luminance
was equal to or higher than 1.2 L mean of the average lumi-
nance L., in the displaying region. The relevant pixel is the
defective pixel in which the off resistance of the transistor
became small due to the influence of the static electricity
occurred in the manufacturing process of the transistor, the
carrier transportation occurred through the level of the crystal
grain boundary when the gate electrode and the crystal grain
boundary of the active layer are coincident, or the like.
[0176] With respect to the remaining 85 organic EL dis-
playing apparatuses other than the 15 organic EL displaying
apparatuses each including the defective pixel, when the sum
total of the currents flowing in the organic EL element
included in each pixel was evaluated for each row in the
method described in Modification of Example 1, the expres-
sion (2)" was satisfied for all the measured rows in all the
organic EL displaying apparatuses.

[0177] Asjustdescribed, since the emission period control-
ling transistor is constituted by the plurality of transistors
connected in series, the defectiveness caused in the transistor
manufacturing process and the like can be reduced. Thus, it is
possible to more definitely satisfy the above expression (1),
i.e., the above expression (2) or the above expression (2)".
[0178] Inthe present embodiment, the organic EL display-
ing apparatus 1 of the first embodiment has been modified by
the constitution of the emission period controlling transistor
in which the two transistors are connected in series by means
of their source or drain electrodes and the common control
line is provided to the gate electrodes of these two transistors.
It should be noted that this constitution is also applicable to
the second embodiment. That is, the organic EL displaying
apparatus of the second embodiment may be modified by the
constitution of the emission period controlling transistor in
which two transistors are connected in series by means of
their source or drain electrodes and a common control line is
provided to the gate electrodes of these two transistors. Also
in such a case, it is possible to have the effect same as that in
the present embodiment.

[0179] While the present invention has been described with
reference to the exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed exem-
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plary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0180] This application claims the benefit of Japanese
Patent Application No. 2010-261242, filed Nov. 24, 2010 and
Japanese Patent Application No. 2011-247715, filed Nov. 11,
2011, which are hereby incorporated by reference herein in
their entirety.

1. An organic EL displaying apparatus comprising:

a plurality of pixels each of which includes an organic EL.
element, a driving transistor configured to supply a cur-
rent according to potential of a gate electrode to the
organic EL element, and an emission period controlling
transistor connected in series to the organic EL element
and the driving transistor and configured to control light
emission of the organic EL element in response to a
control signal;

a data line configured to apply a data voltage according to
gradation displaying data to the pixels; and

a control line configured to supply the control signal to a
gate electrode of the emission period controlling tran-
sistor,

wherein, in a certain one of the pixels, a resistance R,
ILM between a source electrode and a drain electrode of
the emission period controlling transistor in an off state
of the emission period controlling transistor, and a resis-
tance R,, Dr between a source electrode and a drain
electrode of the driving transistor in a state that a mini-
mum gradation displaying data voltage has been applied
to the gate electrode of the driving transistor satisfy an
expression (1) of R, » ILMZR,, Dr.

2. The organic EL displaying apparatus according to claim
1, wherein in the emission period controlling transistor, a
plurality of transistors are connected in series to others by
means of their source electrodes or drain electrodes, and the
control line connected to the respective gate electrodes of the
plurality of transistors are common, and

the combined resistance R,r ILM of the resistances
between the source electrodes and the drain electrodes
of the plurality of transistors in the off state of the plu-
rality of transistors satisfies the expression (1).

3. An organic EL displaying apparatus comprising:

a plurality of pixels each of which includes an organic EL
element, a driving transistor configured to supply a cur-
rent according to potential of a gate electrode to the
organic EL element, and an emission period controlling
transistor connected in series to the organic EL element
and the driving transistor and configured to control light
emission of the organic EL element in response to a
control signal;

a data line configured to apply a data voltage according to
gradation displaying data to the pixels; and

a control line configured to supply the control signal to a
gate electrode of the emission period controlling tran-
sistor,

wherein, in a certain one of the pixels, a current I,, , which
flows in the organic EL element in a case where a maxi-
mum gradation displaying data voltage is applied to the
gate electrode of the driving transistor and the emission
period controlling transistor is off, and a current I,,
which flows in the organic EL element in a case where a
minimum gradation displaying data voltage is applied to
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the gate electrode of the driving transistor and the emis-
sion period controlling transistor is on satisfy a relation
Ibkglleak'

4. An organic EL displaying apparatus comprising:

a plurality of pixels each of which includes an organic EL
element, a driving transistor configured to supply a cur-
rent according to potential of a gate electrode to the
organic EL element, and an emission period controlling
transistor connected in series to the organic EL element
and the driving transistor and configured to control light
emission of the organic EL element in response to a
control signal, and which are arranged in row and col-
umn directions;

a data line provided for each column of the plurality of
pixels and configured to apply a data voltage according
to gradation displaying data to the pixels; and

a control line provided for each row of the plurality of
pixels and configured to supply the control signal to a
gate electrode of the emission period controlling tran-
sistor,

wherein, in a predetermined row having at least one row, a
sum total of currents I,,,, which flow in the organic EL
elements of all the pixels included in the predetermined
row in a case where a maximum gradation displaying
data voltage is applied to the gate electrodes of the
driving transistors of all the pixels included in the pre-
determined row, and all the emission period controlling
transistors connected to all the control lines included in
the predetermined row is off, and a sum total of currents
1, which flow in the organic EL elements of all the
pixels included in the predetermined row in a case where
the minimum gradation displaying data voltage is
applied to the gate electrodes of the driving transistors of
all the pixels included in the predetermined row, and all
the emission period controlling transistors connected to
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all the control lines included in the predetermined row is
on satisfy a relation of the sum total of I,,=the sum total
of I,

5. An organic EL displaying apparatus comprising:

a plurality of pixels each of which includes an organic EL.
element, a driving transistor configured to supply a cur-
rent according to potential of a gate electrode to the
organic EL element, and an emission period controlling
transistor connected in series to the organic EL element
and the driving transistor and configured to control light
emission of the organic EL element in response to a
control signal, and which are arranged in row and col-
umn directions;

a data line provided for each column of the plurality of
pixels and configured to apply a data voltage according
to gradation displaying data to the pixels; and

a control line provided for each row of the plurality of
pixels and configured to supply the control signal to a
gate electrode of the emission period controlling tran-
sistor,

wherein the organic EL displaying apparatus has a function
of switching over a plurality of displaying modes by
changing an on time of the emission period controlling
transistor, and

in a certain one of the pixels, a current I, which flows in
the organic EL element in an emission period at a time of
displaying a maximum gradation, an integrated amount
S, of the current which flows in the organic EL element
in a one frame period at the time of displaying the maxi-
mum gradation, a current I,, which flows in the organic
EL element in an emission period at a time of displaying
a minimum gradation, and an integrated amount S, of
the current which flows in the organic EL element in a
one frame period at the time of displaying the minimum
gradation satisfy a relation of S, ,/S,,=0.7x1,,,/1,..

Ed sk sk sk Ed
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