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DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 2016-
155047 filed in Japan on Aug. 5, 2016 and Patent Applica-
tion No. 2017-74731 filed in Japan on Apr. 4, 2017, the
entire contents of which are hereby incorporated by refer-
ence.

FIELD
[0002] The present invention relates to a display appara-
tus.
BACKGROUND
[0003] Inrecent years, a display apparatus employing, for

example, an organic light emitting diode (OLED) as a light
emitting element has been proposed. The OLED is a display
element of a so-called current driven type where luminance
changes depending on a current value. Each pixel in such a
display apparatus includes an OLED and a pixel circuit that
controls the emission luminance of the OLED. The pixel
circuit includes, for example, a drive transistor that controls
current supplied to the OLED. A configuration has been
proposed that compensates differences and variations in the
threshold voltage of the drive transistor in this type of pixel
circuit (see Japanese Patent Application Laid-Open Publi-
cation No. 2005-31630, for example).

SUMMARY

[0004] It is, however, necessary to prepare a large number
of transistors in a pixel circuit in order to compensate the
threshold of the drive transistor with high precision. As the
number of transistors is increased, the area of the pixel
circuit is also increased accordingly. This results in increase
of the area of each pixel, making it difficult to have a highly
precise structure. An aspect of the present disclosure aims to
provide a display apparatus that attains a highly precise
structure.

[0005] A display apparatus according to one aspect of the
present disclosure comprises: a light emitting element
including a first electrode, a second electrode and an organic
light emitting layer disposed between the first electrode and
the second electrode; and a pixel circuit including a capaci-
tor and a drive transistor letting current according to the
voltage of the capacitor flow in the light emitting element.
The pixel circuit stops supplying current to the light emitting
element while connecting the capacitor to the first electrode.
[0006] According to one aspect of the present disclosure,
a highly precise structure may be attained in the display
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram illustrating a configura-
tion example of a display apparatus.

[0008] FIGS. 2A and 2B are block diagrams illustrating
the configuration of a first scanning driver and a second
scanning driver.

[0009] FIG. 3 is a circuit diagram illustrating a configu-
ration example of a pixel circuit according to the first
embodiment.

Feb. 8,2018

[0010] FIGS. 4A to 4C illustrate the operation of the pixel
circuit according to the first embodiment.
[0011] FIGS. 5A to 5C illustrate the operation of the pixel
circuit during different operation periods.
[0012] FIGS. 6A to 6C illustrate the operation of the pixel
circuit during different operation periods.
[0013] FIGS. 7A to 7C illustrate the operation of the pixel
circuit during different operation periods.
[0014] FIGS. 8A to 8C illustrates the operation of the pixel
circuit during different operation periods.

[0015] FIG. 9 illustrates the operation of a shift register.
[0016] FIG. 10 illustrates the operation of the shift regis-
ter.
[0017] FIG. 11 illustrates the operation of the shift register.
[0018] FIG. 12 illustrates the operation of the shift regis-
ter.
[0019] FIG. 13 illustrates expansion of an operation mar-
gin.
[0020] FIG. 14 is a circuit diagram illustrating a configu-

ration example of a pixel circuit according to the second
embodiment.

[0021] FIGS. 15A to 15C illustrate the operation of the
pixel circuit according to the second embodiment.

[0022] FIG. 16 is a circuit diagram illustrating a configu-
ration example of a pixel circuit according to the third
embodiment.

[0023] FIGS. 17A to 17C illustrate the operation of the
pixel circuit according to the third embodiment.

[0024] FIG. 18 is a circuit diagram illustrating a configu-
ration example of a pixel circuit according to the fourth
embodiment.

[0025] FIGS. 19A to 19C illustrate the operation of the
pixel circuit according to the fourth embodiment.

DETAILED DESCRIPTION

[0026] Embodiments will be described below in detail
with reference to the drawings. It is noted that the ordinal
numbers such as “first,” “second” and so forthin the speci-
fication and claims are added for the purpose of clarifying
the relationship between elements and preventing the mix-
up thereof. These ordinal numbers are therefore not to limit
the number of elements.

[0027] In the description below, an OLED display appa-
ratus employing an organic light emitting diode (OLED) as
a light emitting element will be described. FIG. 1 is a block
diagram illustrating a configuration example of a display
apparatus. A display apparatus 1 includes pixel circuits 11,
a first scanning driver 12, a second scanning driver 13 and
a data driver 14. The display apparatus 1 includes multiple
pixel circuits 11.

[0028] The multiple pixel circuits 11 are arrayed in matrix
in an active matrix section 10. According to the present
embodiment, the pixel circuits 11 are arrayed in the matrix
of n rows and m columns (n and m are integers larger than
1). Each of the pixel circuits 11 includes an OLED element
110. The first scanning driver 12 and the second scanning
driver 13 output control signals. In the present embodiment,
the control signals include four signals. The first scanning
driver 12 outputs control signals S1 and E1. The second
scanning driver 13 outputs control signals S2 and E2. Each
of the control signals S1, S2, E1 and E2 is a signal of n bits.
The control signals S1 and S2 are also called scanning
signals. The control signals E1 and E2 are also called light
emission control signals.
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[0029] The bits in the control signals S1, S2, E1 and E2 are
outputted to the pixel circuits 11 in different rows. The
control signal S2 serves to select the pixel circuit 11 in a
predetermined row as a circuit for accepting a data signal
(so-called pixel circuit to be scanned). The data driver 14
outputs a data signal according to the emission luminance to
a data line, for a pixel in a row selected in accordance with
the control signals S1, S2, E1 and E2.

[0030] FIGS. 2A and 2B are block diagrams illustrating
the configuration of a first scanning driver 12 and a second
scanning driver 13. FIG. 2A illustrates the configuration of
the first scanning driver 12. The first scanning driver 12
includes a shift register S1 and a shift register E1. Each of
the shift register S1 and the shift register E1 is a shift register
of n bits.

[0031] The shift register S1 operates in accordance with a
control signal STS1 as well as two-phase clock signals CK'S
and XCKS. The shift register S1 outputs the control signal
S1 of n bits. The shift register E1 operates in accordance
with a control signal STE1 as well as two-phase clock
signals CKE and XCKE. The shift register E1 outputs the
control signal E1 of n bits.

[0032] FIG. 2B illustrates the configuration of the second
scanning driver 13. The second scanning driver 13 includes
a shift register S2 and a shift register E2. Each of the shift
register S2 and the shift register E2 is a shift register of n
bits. The shift register S2 operates in accordance with a
control signal STS2 as well as two-phase clock signals CKS
and XCKS. The shift register S2 outputs the control signal
S2 of n bits. The shift register E2 operates in accordance
with a control signal STE2 as well as two-phase clock
signals CKE and XCKE. The shift register E2 outputs the
control signal E2 of n bits.

First Embodiment

[0033] FIG. 3 is a circuit diagram illustrating a configu-
ration example of a pixel circuit 11 according to the first
embodiment. The pixel circuit 11 includes five transistors
M1 to M5, a capacitor Cst and a light emitting element 110.
Each of the transistors M1 to M5 is, for example, a thin film
transistor (TFT). The capacitor Cst is a so-called storage
capacitor or retention capacitor. The capacitor Cst retains a
voltage according to a data signal. The light emitting ele-
ment 110 is an OLED element. In FIG. 3, the light emitting
element 110 shows an equivalent circuit of an OLED
element. This equivalent circuit is a parallel circuit of a light
emitting diode and a capacitor.

[0034] The transistor M1 is also called a drive transistor,
which controls drive current flowing in the light emitting
element 110. The transistors M2 to M5 are switch transis-
tors. By switching the transistors M2 to M5 between ON and
OFF, the state of the pixel circuit 11 makes a transition. A
source M1S of the transistor M1 is connected to a power
supply line VDD via the transistor M4. The source M1S is
also connected to a data line Vdata via the transistor M2. The
data line Vdata corresponds to any one of data lines D1 to
Dm in FIG. 1. Adrain M1D of the transistor M1 is connected
to an anode 110A of the light emitting element 110 via the
transistor M5. A gate M1G of the transistor M1 is connected
to one electrode ec2 of the capacitor Cst. The gate M1G is
also connected to a source M3S of the transistor M3.
[0035] A source M2S of the transistor M2 is connected to
the data line Vdata. A drain M2D of the transistor M2 is
connected to the source M1S of the transistor M1 and to a
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drain M4D of the transistor M4. The control signal S2 is
inputted to the gate M2G of the transistor M2. A drain M3D
of the transistor M3 is connected to the drain M1D of the
transistor M1 and to a source M5S of the transistor M5. The
control signal S1 is inputted to a gate M3G of the transistor
M3. The control signal F1 is inputted to a gate M4G of the
transistor M4. A drain M5D of the transistor M5 is con-
nected to the anode 110A of the light emitting element 110.
The control signal E2 is inputted to a gate M5G of the
transistor M5. A cathode 110C of the light emitting element
110 is connected to a power supply line VSS.

[0036] The configuration and operation of the display
apparatus 1 according to the present embodiment will now
be described below. The display apparatus 1 comprises the
light emitting element 110, the capacitor Cst and the pixel
circuit 11. The light emitting element 110 comprises the first
electrode 110A, the second electrode 110C, and an organic
light emitting layer disposed between the first electrode
110A and the second electrode 110C. The pixel circuit 11
comprises the capacitor Cst and the drive transistor M1
letting current according to the voltage of the capacitor Cst
flow in the light emitting element 110. Furthermore, the
pixel circuit 11 stops supplying current to the light emitting
element 110 while connecting the capacitor Cst to the first
electrode 110A. An example of the first electrode 110A is an
anode electrode 110A of the light emitting element 110. An
example of the second electrode 110C is a cathode electrode
110C of the light emitting element 110. An example of the
capacitor is the capacitor Cst according to the present
embodiment. An example of the drive transistor is the
transistor M1 of the present embodiment.

[0037] The drive transistor M1 includes the third electrode
M1S and the fourth electrode M1D, and controls the current
flowing between the third electrode M1S and the fourth
electrode M1D in accordance with the voltage applied to the
gate M1G.

[0038] The pixel circuit 11 further includes the first to
third control elements each of which has the fifth electrode
and the sixth electrode and which controls the conduction
state of the fifth electrode and the sixth electrode. The fifth
electrode M4S of the first control element M4 is connected
to the first power supply VDD which supplies current to flow
in the light emitting element 110, whereas the sixth electrode
M4D of the first control element M4 is connected to the third
electrode M18S. An example of the first control element M4
is the transistor M4. The fifth electrode M3S of the second
control element M3 is connected to the gate M1G and the
capacitor Cst, whereas the sixth electrode M3D of the
second control element M3 is connected to the fourth
electrode M1D. An example of the second control element
is the transistor M3. The fifth electrode M5S of the third
control element M5 is connected to the fourth electrode
MI1D and to the sixth electrode M3D of the second control
element M3, and the sixth electrode M5D of the third control
element M5 is connected to the first electrode 110A. An
example of the third control element is the transistor M5.
The pixel circuit 11 includes the seventh electrode M2S
connected to the data line which supplies data voltage
according to the emission luminance of the light emitting
element 110 and the eighth electrode M2D connected to the
third electrode M1S, and comprises the fourth control ele-
ment M2 controlling the conduction state of the seventh
electrode M2S and the eighth electrode M2D. An example
of the fourth control element is the transistor M2.
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[0039] The capacitor includes the third electrode and the
fourth electrode which is connected to a predetermined
potential. An example of the capacitor is the capacitor Cst.
The pixel circuit 11 connects the first electrode to the third
electrode. An example of the third electrode is one electrode
ec2 of the capacitor Cst. An example of the fourth electrode
is the other electrode ecl of the capacitor Cst. The third
electrode is also referred to as the ninth electrode. The fourth
electrode is also referred to as the tenth electrode.

[0040] The operation of the pixel circuit 11 will now be
described with reference to FIGS. 4A to 8C. In FIGS. 4A to
8C, reference codes for the electrodes illustrated in FIG. 3
are not indicated. FIGS. 4A to 4C illustrate the operation of
the pixel circuit 11. FIG. 4A illustrates a pixel circuit 11
similar to that in FIG. 3. FIG. 4A is a circuit diagram of the
pixel circuit 11, illustrating nodes Na to Nd that will be used
in the description below. The node Na is a node connected
to the gate M1G of the transistor M1, to one electrode ec2
of the capacitor Cst, and to the source M3S of the transistor
M3. The node Nb is a node connected to the source M1S of
the transistor M1, to the drain M2D of the transistor M2, and
to the drain M4D of the transistor Md4. The node Nc is a node
connected to the source M4S of the transistor M4, to the
other electrode ecl of the capacitor Cst, and to the power
supply line VDD. The node Nd is a node connected to the
drain M5D of the transistor M5 and to the anode 110A of the
light emitting element 110.

[0041] The operation of the pixel circuit 11 may be
divided into four periods. The pixel circuit 11 repeats the
operation while setting four periods as one cycle. FIG. 4B is
a table illustrating the relationship of ON and OFF in the
transistors M2 to M5 during different periods for the pixel
circuit 11. The four periods include a discharge period, an
initialization period, a threshold detection and data storage
period (also indicated as threshold detection & data storage
period), and a light emission period. In the discharge period,
the transistors M3, M2 and M4 are OFF. The transistor M5
is ON. In the initialization period, the transistors M3 and M5
are ON. The transistors M2 and M4 are OFF. In the threshold
detection & data storage period, the transistors M3 and M2
are ON. The transistors M4 and M5 are OFF. In the light
emission period, the transistors M3 and M2 are OFF. The
transistors M4 and M5 are ON.

[0042] FIG. 4C is a graph illustrating changes in control
signals in the different operation periods for the pixel circuit
11 and a data signal in time series. The horizontal axis
indicates time. The time width 1H indicates one horizontal
period. The vertical axis indicates potential. Each of the
control signals S1, S2, E1 and E2 is an active low signal.
That is, when the control signals S1, S2, E1 and E2 have the
values of high (H), the respective transistors M3, M2, M4
and M5 are OFF accordingly. When the control signals S1,
S2, E1 and E2 have the values of low (L), the respective
transistors M3, M2, M4 and M5 are ON accordingly. Vdata
indicates a change in the data signal potential. Vdata is
updated every 1H of one horizontal period. A period T0
indicated in FIG. 4C represents the discharge period. A
period T1 represents the initialization period. A period T2
represents the threshold detection & data storage period. A
period T3 represents the light emission period. The periods
from TO to T2 correspond to a non-emission period NL
during which no light is emitted from the light emitting
element 110. Each of the periods T0, T1 and T2, i.e. periods
excluding the period T3, has the same length as one hori-
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zontal period. The length of each of the periods T0, T1 and
T2 may alternatively be longer than one horizontal period,
not limited to the example above. The length of each of the
periods T0, T1 and T2 may also be shorter than one
horizontal period.

[0043] FIGS. 5A to 8C illustrate the operation of the pixel
circuit 11 during the different operation periods. FIGS. 5A to
8A again illustrate the circuit diagrams of the pixel circuit
11. FIGS. 5B to 8B are tables illustrating the ON/OFF states
of the transistors M2 to M5. FIGS. 5C to 8C are graphs
illustrating the time changes of the potentials of the nodes
Na, Nb and Nd.

[0044] FIGS. 5A to 5C illustrate the operation in the
discharge period T0. In the discharge period T0, the tran-
sistors M2, M3 and M4 are OFF, whereas the transistor M5
i1s ON. Since the transistor M4 is OFF, the transistor M1 is
disconnected from the power supply line VDD. Thus, the
supply of current to the light emitting element 110 is
stopped. The light emitting element 110 discharges the
charge stored in the capacitor between the anode 110A and
the cathode 110C through the power supply line VSS with
a potential lower than the potential of the power supply line
VDD. As a result, the potential of the node Nd is lowered to
the threshold voltage Vtholed of the light emitting element
110. The node Na and node Nb maintain values for the light
emission period in the previous cycle.

[0045] In the discharge period T0, the pixel circuit 11
stops supplying current from the first power supply which
supplies current to flow in the light emitting element 110 to
the drive transistor M1. An example of the first power supply
is a power supply including the power supply line VDD.
[0046] FIGS. 6A to 6C illustrate the initialization period
T1. In the initialization period T1, the transistors M2 and M4
are OFF, whereas the transistors M3 and M5 are ON. Since
the transistors M3 and M5 are ON in the initialization period
T1, electrical connection is made to one electrode ec2 of the
capacitor Cst and to the anode electrode 110A of the light
emitting element 110. As a result, the potential of the node
Na connected to one electrode ec2 of the capacitor Cst is
lowered to the same potential as that of the node Nd. That
is, the node Na will have the anode potential (Vtholed) of the
light emitting element 110. In other words, the potential of
one electrode ec2 of the capacitor Cst will be the same
potential as the anode potential. The node Nc connected to
the other electrode ec1 of the capacitor Cst has the potential
VDD based on the power supply line VDD. Thus, charge
according to the potential difference VDD-Vtholed is stored
in the capacitor Cst. Since the transistor M4 is OFF, the light
emitting element 110 is disconnected from the power supply
line VDD. As such, no current flows in the light emitting
element 110, and no increase occurs in the anode potential
(potential of the node Nd). The node Nb maintains the
potential in the discharge period T0.

[0047] The pixel circuit 11 makes the first control element
M4 in the non-conduction state when the current supply to
the light emitting element 110 is stopped, and makes the
second control element M3 and the third control element M5
in the conduction state when the capacitor is connected to
the first electrode.

[0048] In the initialization period T1, the pixel circuit 11
stops supplying current to the light emitting element 110
while connecting the capacitor Cst to the first electrode.
[0049] FIGS. 7A to 7C illustrate the threshold detection &
data storage period T2. In the threshold detection & data
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storage period T2, the transistors M2 and M3 are ON,
whereas the transistors M4 and M5 are OFF. Since the
transistor M5 is OFF, the node Na connected to one elec-
trode ec2 of the capacitor Cst is disconnected from the anode
electrode 110A (node Nd) of the light emitting element 110.
Since the transistor M2 is ON, the source M1S (node Nb) of
the transistor M1 is fixed at the data voltage Vdata. On the
other hand, the voltage of the gate M1G and the drain M1D
of the transistor M1 corresponds to Vtholed. Since Vtholed
is lower than Vdata, current according to the potential
difference between the gate M1G and the source M1S flows
from the data line Vdata to the transistors M2, M1 and M3.
Charge is stored in the node Na, to increase the potential
thereof. Current keeps flowing in the transistor M1 until the
potential difference between the gate M1G (node Na) and
the source M1S (node Nb) reaches the threshold voltage of
the transistor M1. Assuming here that the threshold voltage
of the transistor M1 is Vth(Vth<0), the potential of the node
Na will be Vdata+Vth. Moreover, the potential difference in
the capacitor Cst is represented by VDD-Vdata-Vth.
[0050] Inthe threshold detection & data storage period T2,
the pixel circuit 11 connects the capacitor Cst to the first
electrode 110A and thereafter stores the threshold voltage of
the drive transistor M1 and the data voltage Vdata corre-
sponding to the emission luminance of the light emitting
element 110 in the capacitor Cst.
[0051] In the discharge period T0 and the initialization
period T1, the pixel circuit 11 turns off the transistor M4 and
the transistor M2. The transistor M5 is ON. In the threshold
detection & data storage period T2, the transistor M2 is ON,
whereas the transistor M5 is OFF. The pixel circuit 11 makes
the first control element and the fourth control element in the
non-conduction state, and thereafter makes the fourth con-
trol element in the conduction state while making the third
control element in the non-conduction state.
[0052] FIGS. 8A to 8C illustrate the light emission period
T3. In the light emission period T3, the transistors M2 and
M3 are OFF, whereas the transistors M4 and M5 are ON.
Since the transistor M5 is ON, the transistor M1 is connected
to the light emitting element 110. Current according to the
potential difference between the gate M1G (node Na) and
the source M18 (node Nb) of the transistor M1 flows in the
transistor M1 and the light emitting element 110. This
current allows the light emitting element 110 to emit light.
Here, the current flowing in the light emitting element 110
may be obtained by the equation (1) below.
Toled=p(Vgs—Vih)*=p(Vdata+ Vih-VDD-VihY’=p
(Vdata-VDDY
[0053] P=p*(W/L)*(Cox/2), u: mobility, w:
width, L: channel length, Cox: gate capacitance
[0054] As indicated in the equation (1), the current flow-
ing in the light emitting element 110 is decided by the data
voltage Vdata and the power supply line voltage VDD. The
current flowing in the light emitting element 110 does not
depend on the threshold voltage Vth of the transistor M1.
Thus, the current flowing in the light emitting element 110
is not affected by variation in the threshold voltage of the
transistor M1.
[0055] The pixel circuit 11 includes the capacitor Cst and
the drive transistor letting current according to the voltage of
the capacitor Cst flow in the light emitting element 110. An
example of the drive transistor is the transistor M1. In the
light emission period T3, the pixel circuit 11 stores the
voltage (VDD-(Vdata+Vth)) subtracting the threshold volt-

equation (1)

channel
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age Vth plus the data voltage Vdata from the voltage of the
first power supply VDD in the capacitor Cst, and thereafter
disconnects the capacitor Cst from the first electrode 110A
while starting to supply current from the first power supply
VDD to the drive transistor M1, and further applies the
voltage of the capacitor Cst to the gate M1G of the drive
transistor M1.

[0056] Inthe threshold detection & data storage period T2,
the transistor M2 is made ON. The transistor M5 is made
OFF. In the light emission period T3, the transistors M3 and
M2 are made OFF, whereas the transistors M4 and M5 are
made ON. After making the fourth control element (M2) in
the conduction state and making the third control element
(M5) in the non-conduction state, the pixel circuit 11 makes
the second control element (M3) and the fourth control
element (M2) in the non-conduction state, and makes the
first control element (M4) and the third control element
(M5) in the conduction state.

[0057] After the light emission period T3, the cycle returns
to the discharge period T0 again. After applying the voltage
stored in the capacitor Cst to the gate M1G, the pixel circuit
11 stops supplying current to the light emitting element 110
while discharging the charge stored in the organic light
emission layer through the light emitting element 110, and
thereafter connects the capacitor Cst to the first electrode
110A and charges the capacitor Cst with a potential of the
first electrode 110A obtained after discharge.

[0058] In the light emission period T3, the pixel circuit 11
makes the transistor M4 in the ON state. After the light
emission period T3, the pixel circuit 11 makes the transistor
M4 in the OFF state. After making the current flow in the
light emitting element 110, the pixel circuit 11 makes the
first control element in the non-conduction state and dis-
charges the charge stored in the light emitting element 110
through the light emitting element 110.

[0059] FIG. 9 illustrates the operation of the shift register
S1. The shift register S1 outputs the control signal S1(z).
The operation clock of the shift register S1 corresponds to
two-phase clock signals CKS and XCKS having the cycle of
2H. At the initial stage of the shift register S1, a start signal
STS1 with the pulse width of 2H is inputted. The shift
register S1 propagates the start signal STS1 in synchroni-
zation with the fall of the clock signal CKS or the fall of the
clock signal XCKS while delaying the start signal STS1 by
1H. The shift register S1 outputs the start signal STS1 as a
control signal S1(2) which is delayed from the control signal
S1(1) by the time 1H. The shift register S1 outputs the start
signal STS1 as a control signal S1(3) which is delayed from
the control signal S1(2) by the time 1H. Similar operation
follows. The shift register S1 outputs the start signal STS1
as a control signal S1(z) which is delayed from the control
signal S1(»-1) by the time 1H.

[0060] FIG. 10 illustrates the operation of the shift register
S2. The shift register S2 outputs the control signal S2(z).
The operation clock of the shift register S2 corresponds to
two-phase clock signals CKS and XCKS having the cycle of
2H. At the initial stage of the shift register S2, a start signal
STS2 with the pulse width of 1H is inputted. The shift
register S2 propagates the start signal STS2 while being
delayed by 1H in synchronization with the rise or fall of the
clock signal CKS, or with the rise or fall of the clock signal
XCKS. The shift register S2 outputs the start signal STS2 as
a control signal S2(2) which is delayed from the control
signal S2(1) by the time 1H. The shift register S2 outputs the
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start signal STS2 as a control signal S2(3) which is delayed
from the control signal S2(2) by the time 1H. Similar
operation follows. The shift register S2 outputs the start
signal STS2 as a control signal S2(»2) which is delayed from
the control signal S2(»-1) by the time 1H.

[0061] FIG. 11 illustrates the operation of the shift register
E1. The shift register E1 outputs the control signal E1(z).
The operation clock of the shift register E1 corresponds to
two-phase clock signals CKE and XCKE having the cycle of
2H. At the initial stage of the shift register E1, a start signal
STE1 with the pulse width of 3H is inputted. The shift
register E1 propagates the start signal STE1 in synchroni-
zation with the fall of the clock signal CKE or the fall of the
clock signal XCKE. The shift register E1 outputs the start
signal STE1 as a control signal E1(2) which is delayed from
the control signal E1(1) by the time 1H. The shift register E1
outputs the start signal STE1 as a control signal E1(3) which
is delayed from the control signal E1(2) by the time 1H.
Similar operation follows. The shift register E1 outputs the
start signal STE1 as a control signal E1(») which is delayed
from the control signal E1(»-1) by the time 1H.

[0062] FIG. 12 illustrates the operation of the shift register
E2. The shift register E2 outputs the control signal E2(z).
The operation clock of the shift register E2 corresponds to
two-phase clock signals CKE and XCKE having the cycle of
2H. At the initial stage of the shift register E2, a start signal
STE2 with the pulse width of 1H is inputted. The shift
register E2 propagates the start signal STE2 in synchroni-
zation with the fall or rise of the clock signal CKE or with
the fall or rise of the clock signal XCKE. The shift register
E2 outputs the start signal STE2 as a control signal E2(2)
which is delayed from the control signal E2(1) by the time
1H. The shift register E2 outputs the start signal STE2 as a
control signal E2(3) which is delayed from the control signal
E2(2) by the time 1H. Similar operation follows. The shift
register B2 outputs the start signal STE2 as a control signal
E2(r) which is delayed from the control signal E2(z-1) by
the time 1H. The shift registers S1, S2, E1 and E2 repeat the
operation described above.

[0063] A purpose of having the discharge period T0 in the
present embodiment will now be described. In order to
precisely detect the threshold voltage of the transistor M1,
the capacitor Cst may preferably be initialized so that the
voltage between the gate M1G and the source M1S is equal
to or larger than the threshold voltage. In the case of
detecting the threshold value of the transistor M1, the source
M1S (node Nb) has the data voltage (Vdata). It is thus
necessary for the gate M1G (node Na) to be initialized at the
voltage lower than the data voltage by the threshold voltage.
The potential for initialization needs to be the lowest in the
case of the data voltage corresponding to bright light emis-
sion. When no margin voltage can be secured under this
condition, the threshold detection will not function. This is
because no voltage difference as large as that for current to
flow is present between the gate M1G and the source M1S
at the time of the initialization voltage.

[0064] In the case of using the anode voltage for initial-
ization of the capacitor Cst, the operation margin is narrow
when the anode voltage is a high voltage obtained imme-
diately after bright light emission. However, the operation
margin is expanded by having a period for discharging the
charge stored in the light emitting element 110 to lower the
anode voltage to approximately the threshold voltage of the
light emitting element 110. FIG. 13 illustrates expansion of
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the operation margin. It is assumed that the power supply
voltage VDD is +5V whereas the power supply voltage VSS
is =5V. It is also assumed that the bright light emission data
voltage is 4V, whereas the threshold voltage of the drive
transistor M1 is 2V. The anode voltage after the bright light
emission of the light emitting element 110 is assumed as
3.5V. The threshold voltage Vtholed of the light emitting
element 110 is assumed as 1.5V. As illustrated in FIG. 13,
when the anode voltage is used as initialization voltage, the
operation margin voltage will be 0.5V as illustrated on the
left side of FIG. 13. On the other hand, in the case where the
discharge period T0 is provided and the threshold voltage
Vtholed of the light emitting element 110 is set as the
initialization voltage, the margin voltage will be 2.5V. In this
example, the operation margin voltage will be increased
from 0.5V to 2.5V, i.e., expanded by 2V.

[0065] As described above, according to the display appa-
ratus 1, in the initialization period, the potential difference in
capacitor is increased by connecting the capacitor Cst to the
first electrode.

[0066] According to the present embodiment, the follow-
ing effects are produced. By having the discharge period T0
prior to the initialization period T1, the initialization voltage
will be the threshold voltage Vtholed of the light emitting
element 110. Accordingly, even when the light emitting
element 110 before initialization emits bright light, the
voltage thereof may be lowered to the threshold voltage
Vtholed. This expands the operation margin for detecting the
threshold voltage Vith of the transistor M1. As a result, the
threshold voltage Vth may be detected even when it varies
due to differences in the threshold voltage Vth or long-time
use. Moreover, when the margin expands, it is possible to
lower the potential difference between the power supply
voltage VDD and VSS. This allows the display apparatus to
have reduced consumption power.

[0067] In the initialization period, the transistor M1 is
disconnected from the power supply line VDD, no current
flows in the light emitting element 110. This prevents the
light emitting element 110 from emitting light, making it
possible to suppress degradation in display quality. Further-
more, as no current flows in the light emitting element 110,
the anode potential of the light emitting element 110 will not
be increased, which can prevent the degradation in accuracy
of detecting the threshold of the transistor M1.

[0068] As such, the pixel circuit 11 that can prevent
degradation in the display quality as well as degradation in
the accuracy of detecting the threshold of the drive transistor
M1 may be attained by four transistors and one capacitor. In
general, five or more transistors are required in the pixel
circuit 11 that prevents degradation in accuracy of detecting
the threshold of the drive transistor (for example, six tran-
sistors are needed in Japanese Patent Application Laid-Open
Publication No. 2005-31630).

[0069] However, the pixel circuit 11 according to the
present embodiment may be implemented by four transistors
and one capacitor, which can reduce the area of the pixel
circuit compared to the pixel circuit with five or more
transistors or the pixel circuit with two or more capacitors.
Since the area of the pixel circuit may be reduced, the pixel
area may also be reduced. If the pixel area is reduced, it is
possible to increase the number of pixels per unit area, i.e.,
to have a highly precise structure.

[0070] Furthermore, since the anode voltage of the light
emitting element 110 is used for initialization of the capaci-
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tor Cst, an additional power supply line or signal line for
initialization will not be necessary. Thus, the need for the
additional power supply line or signal line for initialization
in the pixel circuit 11 is eliminated, which contributes to the
reduction in the circuit area. As a result, the structure with
even higher precision may be attained.

Second Embodiment

[0071] The second embodiment that is different from the
first embodiment described earlier in terms of the intercon-
nections in the pixel circuit 11 will now be described.
According to the second embodiment, Bright and Dark of
the data voltage supplied from the data driver 14 through the
data line Vdata (any one of the data lines D1 to Dm) are
inverted from those in the first embodiment.

[0072] FIG. 14 is a circuit diagram illustrating a configu-
ration example of a pixel circuit 11 according to the second
embodiment. In FIG. 14, portions corresponding to those in
FIG. 3 are denoted by the same reference characters.
[0073] The pixel circuit 11 includes five transistors M1
(drive transistor), M2 (fourth control element), M3 (second
control element), M4 (first control element), M5 (third
control element), a capacitor Cst, and a light emitting
element 110.

[0074] A source M1S (third electrode) of the transistor M1
is connected to a drain M5D (sixth electrode) of the tran-
sistor M5 and to the other electrode ecl (tenth electrode) of
the capacitor Cst. A drain M1D (fourth electrode) of the
transistor M1 is connected to an anode 110A (first electrode)
of the light emitting element 110. A gate M1G of the
transistor M1 is connected to a drain M2D (eighth electrode)
of the transistor M2 and to a drain M4D (sixth electrode) of
the transistor M4. A cathode 110C (second electrode) of the
light emitting element 110 is connected to a power supply
line VSS.

[0075] The drain M2D of the transistor M2 is connected to
the gate M1G of the transistor M1 and to the drain M4D of
the transistor M4. A source M28S (seventh electrode) of the
transistor M2 is connected 1o a data line Vdata. The control
signal (scanning signal) S2 is inputted to ae gate M2G of the
transistor M2.

[0076] A drain M3D (sixth electrode) of the transistor M3
is connected to a source M4S (fifth electrode) of the tran-
sistor M4 and to one electrode ec2 (ninth electrode) of the
capacitor Cst. A source M3S (fifth electrode) of the transistor
M3 is connected to a reference voltage source Vref. The
control signal (scanning signal) S1 is inputted to a gate M3G
of the transistor M3.

[0077] The source M4S of the transistor M4 is connected
to the drain M3D of the transistor M3 and to one electrode
ec2 of the capacitor Cst. The drain M4D of the transistor M4
is connected to the gate M1G of the transistor M1 and to the
drain M2D of the transistor M2. The control signal (light
emission control signal) E1 is inputted to the gate M4G of
the transistor M4.

[0078] The drain M5D of the transistor M5 is connected to
the source M1S of the transistor M1 and to the other
electrode ecl of the capacitor Cst. A source M5S (fifth
electrode) of the transistor M5 is connected to the first power
supply VDD. The control signal (light emission control
signal) E2 is inputted to the gate M5G of the transistor M5.
[0079] FIGS. 15A to 15C illustrate the operation of the
pixel circuit 11 according to the second embodiment. FIG.
15A is a circuit diagram illustrating the pixel circuit 11
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similar to that in FIG. 14. FIG. 15B is a table illustrating the
relationship of ON and OFF in the transistors M2 to M5
during different periods for the pixel circuit 11. FIG. 15C is
a graph illustrating changes in control signals in the different
operation periods for the pixel circuit 11 and a data signal in
time series.

[0080] According to the second embodiment, as illustrated
in FIG. 15B, the timings of switching the transistors M2,
M3, M4 and M5 between ON and OFF are the same as those
in the first embodiment (see FIG. 4B). Moreover, according
to the second embodiment, as illustrated in FIG. 15C, the
pattern of high/low for each of the control signals S1, S2, E1
and E2 is the same as that in the first embodiment (see FIG.
4C). In the second embodiment. however, Bright and Dark
of the data voltage Vdata are inverted from those in the first
embodiment (see FIG. 4C), as illustrated in FIG. 15C.
[0081] In the discharge period TO and the initialization
period T1, the transistor M4 for fixing the potential of the
gate M1G of the transistor M1 which is a drive transistor is
OFF, which also makes the transistor M1 in the OFF state,
thereby not charging the light emitting element 110 through
the transistor M1. As a result, the potential of the anode
110A of the light emitting element 110 is lowered to the
threshold voltage Vtholed, preventing unnecessary light
emission.

Third Embodiment

[0082] The third embodiment that is different from the first
embodiment described earlier in terms of the interconnec-
tions in the pixel circuit 11 will now be described. In the
third embodiment, all the TFTs used here are constituted by
N-type TFTs.

[0083] FIG. 16 is a circuit diagram illustrating a configu-
ration example of a pixel circuit 11 according to the third
embodiment. In FIG. 16, portions corresponding to those in
FIG. 3 are denoted by the same reference characters.
[0084] The pixel circuit 11 includes five transistors M1
(drive transistor), M2 (fourth control element), M3 (second
control element), M4 (first control element), M5 (third
control element), a capacitor Cst, and a light emitting
element 110.

[0085] A gate M1G of the transistor M1 is connected to a
drain M3D (sixth electrode) of the transistor M3 and to the
other electrode ecl (tenth electrode) of the capacitor Cst. A
source M1S (third electrode) of the transistor M1 is con-
nected to a source M3S (fifth electrode) of the transistor M3
and to a drain M5D (sixth electrode) of the transistor M5. A
drain M1D (fourth electrode) of the transistor M1 is con-
nected to a drain M2D (eighth electrode) of the transistor M2
and to a source M4S (fifth electrode) of the transistor M4.
[0086] The drain M2D of the transistor M2 is connected to
the drain M1D of the transistor M1 and to the source Md4S
of the transistor M4. A source M2S (seventh electrode) of
the transistor M2 is connected to a data line Vdata. The
control signal (scanning signal) S2 is inputted to a gate M2G
of the transistor M2.

[0087] The source M3S of the transistor M3 is connected
to the source M1S of the transistor M1 and to the drain M5D
of the transistor M5. A drain M3D of the transistor M3 is
connected to the gate M1G of the transistor M1 and to the
other electrode ecl of the capacitor Cst. The control signal
(scanning signal) S1 is inputted to a gate M3G of the
transistor M3.
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[0088] The source M4S of the transistor M4 is connected
to the drain M1D of the transistor M1 and to the drain M2D
of the transistor M2. A drain M4D (sixth electrode) of the
transistor M4 is connected to an anode 110A (first electrode)
of the light emitting element 110 and to one electrode ec2
(ninth electrode) of the capacitor Cst. The control signal
(light emission control signal) F1 is inputted to a gate M4G
of the transistor M4. A cathode 110C (second electrode) of
the light emitting element 110 is connected to a power
supply line VSS.

[0089] The drain MSD of the transistor M5 is connected to
the source M1S of the transistor M1 and to the source M3S
of the transistor M3. A source M5S (fifth electrode) of the
transistor M5 is connected to a first power supply VDD. The
control signal (light emission control signal) E2 is inputted
to a gate M5G of the transistor M5.

[0090] FIGS. 17A to 17C illustrate the operation of the
pixel circuit 11 according to the third embodiment. FIG. 17A
is a circuit diagram illustrating the pixel circuit 11 similar to
that in FIG. 16. FIG. 17B is a table illustrating the relation-
ship of ON and OFF in the transistors M2 to M5 during
different periods for the pixel circuit 11. FIG. 17C is a graph
illustrating changes in control signals in the different opera-
tion periods for the pixel circuit 11 and a data signal in time
series.

[0091] According to the third embodiment, as illustrated
in FIG. 17B, the timings of switching the transistors M2,
M3, M4 and M5 between ON and OFF are the same as those
in the first embodiment (see FIG. 4B). In the third embodi-
ment, however, each of the control signals S1, S2, E1 and E2
is an active high signal as illustrated in FIG. 17C. That is,
when the control signals S1, S2, E1 and E2 have the values
of high (H), the respective transistors M3, M2, M4 and M5
are ON accordingly. When the control signals S1, S2, E1 and
E2 have the values of low (L), the respective transistors M3,
M2, M4 and M5 are OFF accordingly. Moreover, in the third
embodiment, Bright and Dark of the data voltage Vdata are
inverted from those in the first embodiment (see FIG. 4C),
as illustrated in FIG. 17C.

[0092] Since the transistor M4 is OFF during the discharge
period T0 and the initialization period T1, the potential of
the anode 110A of the light emitting element 110 is lowered
to the threshold voltage Vtholed, and the potential of one
electrode ec2 of the capacitor Cst is initialized to Vtholed.

Fourth Embodiment

[0093] The fourth embodiment that is different from the
first embodiment described earlier in terms of the intercon-
nections in the pixel circuit 11 will now be described. In the
fourth embodiment, all the TFTs used here are constituted by
N-type TFTs.

[0094] FIG. 18 is a circuit diagram illustrating a configu-
ration example of a pixel circuit 11 according to the fourth
embodiment. In FIG. 18, portions corresponding to those in
FIG. 3 are denoted by the same reference characters.
[0095] A gate M1G of the transistor M1 is connected to a
drain M2D (eighth electrode) of the transistor M2 and to a
source M4S (fifth electrode) of the transistor M4. A drain
M1D (fourth electrode) of the transistor M1 is connected to
a source M5S (fifth electrode) of the transistor M5 and to the
other electrode ecl (tenth electrode) of the capacitor Cst. A
source M1S (third electrode) of the transistor M1 is con-
nected to a first power supply VDD.
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[0096] A drain M2D of the transistor M2 is connected to
the gate M1G of the transistor M1 and to the source M4S of
the transistor M4. A source M2S (seventh electrode) of the
transistor M2 is connected to a data line Vdata. The control
signal (scanning signal) S2 is inputted to a gate M2G of the
transistor M2.

[0097] A drain M3D (sixth electrode) of the transistor M3
is connected to a drain M4D (sixth electrode) of the tran-
sistor M4 and to one electrode ec2 (ninth electrode) of the
capacitor Cst. A source M3S (fifth electrode) of the transistor
M3 is connected to a reference voltage source Vref. The
control signal (scanning signal) S1 is inputted to a gate M3G
of the transistor M3.

[0098] The source M4S of the transistor M4 is connected
to the gate MIG of the transistor M1 and to the drain M2D
of the transistor M2. The drain M4D of the transistor M4 is
connected to the drain M3D of the transistor M3 and to one
electrode ec2 of the capacitor Cst. The control signal (light
emission control signal) E1 is inputted to a gate M4G of the
transistor M4.

[0099] The source M5S of the transistor M5 is connected
to the drain M1D of the transistor M1 and to the other
electrode ecl of the capacitor Cst. A drain M5D (sixth
electrode) of the transistor M5 is connected to an anode
110A (first electrode) of the light emitting element 110. The
control signal (light emission control signal) E2 is inputted
to a gate M5G of the transistor M5. A cathode 110C (second
electrode) of the light emitting element 110 is connected to
a power supply line VSS.

[0100] FIGS. 19A to 19C illustrate the operation of the
pixel circuit 11 according to the fourth embodiment. FIG.
19A is a circuit diagram illustrating the pixel circuit 11
similar to that in FIG. 18. FIG. 19B is a table illustrating the
relationship of ON and OFF in the transistors M2 to M5
during different periods for the pixel circuit 11. FIG. 19C is
a graph illustrating changes in control signals in the different
operation periods for the pixel circuit 11 and a data signal in
time series.

[0101] According to the fourth embodiment, as illustrated
in FIG. 19B, the timings of switching the transistors M2,
M3, M4 and M5 between ON and OFF are the same as those
in the first embodiment (see FIG. 4B). In the fourth embodi-
ment, however, each of the control signals S1, S2, E1 and E2
is an active high signal as illustrated in FIG. 19C. That is,
when the control signals S1, S2, E1 and E2 have the values
of high (H), the respective transistors M3, M2, M4 and M5
are ON accordingly. When the control signals S1, S2, E1 and
E2 have the values of low (L), the respective transistors M3,
M2, M4 and M5 are OFF accordingly.

[0102] During the discharge period T0 and the initializa-
tion period T1, the transistor M4 for fixing the potential of
the gate M1G of the transistor M1 which is the drive
transistor is OFF, thereby not charging the light emitting
element 110 through the transistor M1. The potential of the
anode 110A of the light emitting element 110 is lowered to
the threshold voltage Vtholed, and the other electrode ecl of
the capacitor Cst is initialized to Vtholed.

[0103] The technical features (components) described in
each embodiment may be combined with one another, and
such combinations may form new technical features.
[0104] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in every
respect. Since the scope of the present invention is defined
by the appended claims rather than by the description
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preceding them, all changes that fall within metes and
bounds of the claims, or equivalence of such metes and
bounds thereof are therefore intended to be embraced by the
claims.

What is claimed is:

1. A display apparatus, comprising:

a light emitting element including a first electrode, a
second electrode, and an organic light emitting layer
disposed between the first electrode and the second
electrode; and

a pixel circuit including a capacitor and a drive transistor
letting current according to voltage of the capacitor
flow in the light emitting element,

wherein the pixel circuit stops supply of current to the
light emitting element while connecting the capacitor to
the first electrode.

2. The display apparatus according to claim 1, wherein

the pixel circuit connects the capacitor to the first elec-
trode, and thereafter stores threshold voltage of the
drive transistor and data voltage corresponding to emis-
sion luminance of the light emitting element in the
capacitor.

3. The display apparatus according to claim 2, wherein

in a case of stopping the supply of current, the pixel circuit
stops supplying current from a first power supply which
supplies current to flow in the light emitting element to
the drive transistor.

4. The display apparatus according to claim 3, wherein

after storing, in the capacitor, voltage subtracting the
threshold voltage plus the data voltage from voltage of
the first power supply, the pixel circuit disconnects the
capacitor from the first electrode while starting to
supply current from the first power supply to the drive
transistor, and further applies voltage of the capacitor to
a gate of the drive transistor.

5. The display apparatus according to claim 4, wherein

after applying the voltage stored in the capacitor to the
gate, the pixel circuit stops supply of current to the light
emitting element while discharging charge stored in the
organic light emitting layer through the light emitting
element. and thereafter connects the capacitor to the
first electrode and charges the capacitor with a potential
of the first electrode obtained after discharge.

6. The display apparatus according to claim 1,

wherein the drive transistor has a third electrode and a
fourth electrode, and controls current to flow between
the third electrode and the fourth electrode in accor-
dance with voltage applied to a gate of the drive
transistor,

wherein the pixel circuit further includes a first control
element to a third control element, each of the first to
third control elements including a fifth electrode and a
sixth electrode and controlling conduction state of the
fifth electrode and the sixth electrode,

wherein the fifth electrode of the first control element is
connected to a first power supply which supplies cur-
rent to flow in the light emitting element, whereas the
sixth electrode of the first control element is connected
to the third electrode,

wherein the fifth electrode of the second control element
is connected to the gate and the capacitor, whereas the
sixth electrode of the second control element is con-
nected to the fourth electrode,
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wherein the fifth electrode of the third control element is
connected to the fourth electrode and to the sixth
electrode of the second control element, whereas the
sixth electrode of the third control element is connected
to the first electrode, and

wherein the pixel circuit makes the first control element in
a non-conduction state in a case of stopping the supply
of current to the light emitting element, and makes the
second control element and the third control element in
a conduction state in a case of connecting the capacitor
to the first electrode.

7. The display apparatus according to claim 6,

wherein the pixel circuit further includes a fourth control
element including a seventh electrode connected to a
data line which supplies data voltage according to
emission luminance of the light emitting element and
an eighth electrode connected to the third electrode, the
fourth control element controlling conduction state of
the seventh electrode and the eighth electrode, and

wherein the pixel circuit makes the fourth control element
in a non-conduction state.

8. The display apparatus according to claim 7,

wherein the pixel circuit makes the first control element
and the fourth control element in a non-conduction
state, and thereafter makes the fourth control element in
a conduction state and makes the third control element
in a non-conduction state.

9. The display apparatus according to claim 8,

wherein the pixel circuit makes the fourth control element
in a conduction state and makes the third control
element in a non-conduction state, and thereafter makes
the second control element and the fourth control
element in a non-conduction state, and makes the first
control element and the third control element in a
conduction state.

10. The display apparatus according to claim 9,

wherein, after current flows in the light emitting element,
the pixel circuit makes the first control element in a
non-conduction state and discharges charge stored in
the light emitting element through the light emitting
element.

11. The display apparatus according to claim 1,

wherein the capacitor includes a third electrode, and a
fourth electrode connected to a predetermined poten-
tial, and

wherein the pixel circuit connects the first electrode to the
third electrode.

12. The display apparatus according to claim 6,

wherein the capacitor includes a ninth electrode, and a
tenth electrode connected to a predetermined potential,
and

wherein the fifth electrode of the second control element
is connected to the ninth electrode.

13. A display apparatus, comprising:

a light emitting element including a first electrode, a
second electrode, and an organic light emitting layer
disposed between the first electrode and the second
electrode; and

a pixel circuit including a capacitor and a drive transistor
letting current according to voltage of the capacitor
flow in the light emitting element,

wherein the drive transistor has a third electrode and a
fourth electrode, and controls current to flow between
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the third electrode and the fourth electrode in accor-
dance with voltage applied to a gate of the drive
transistor,

wherein the pixel circuit further includes a first control
element to a third control element, each of the first to
third control elements including a fifth electrode and a
sixth electrode and controlling conduction state of the
fifth electrode and the sixth electrode, and a fourth
control element having a seventh electrode and an
eighth electrode and controlling conduction state of the
seventh electrode and the eighth electrode,

wherein the fourth electrode of the drive transistor is
connected to the first electrode,

wherein the fifth electrode of the first control element is
connected to the capacitor, whereas the sixth electrode
of the first control element is connected to the gate,

wherein the fifth electrode of the second control element
is connected to a reference power supply. whereas the
sixth electrode of the second control element is con-
nected to the capacitor and to the fifth electrode of the
first control element,

wherein the fifth electrode of the third control element is
connected to a first power supply which supplies cur-
rent to flow in the light emitting element, whereas the
sixth electrode of the third control element is connected
to the capacitor and to the fourth electrode, and

wherein the seventh electrode of the fourth control ele-
ment is connected to a data line supplying data voltage
according to emission luminance of the light emitting
element, whereas the eighth electrode of the fourth
control element is connected to the gate and to the sixth
electrode of the first control element.

14. A display apparatus, comprising:

a light emitting element including a first electrode, a
second electrode, and an organic light emitting layer
disposed between the first electrode and the second
electrode; and

a pixel circuit including a capacitor and a drive transistor
letting current according to voltage of the capacitor
flow in the light emitting element,

wherein the drive transistor has a third electrode and a
fourth electrode, and controls current to flow between
the third electrode and the fourth electrode in accor-
dance with voltage applied to a gate of the drive
transistor,

wherein the pixel circuit further includes a first control
element to a third control element, each of the first to
third control elements including a fifth electrode and a
sixth electrode and controlling conduction state of the
fifth electrode and the sixth electrode, and a fourth
control element having a seventh electrode and an
eighth electrode and controlling conduction state of the
seventh electrode and the eighth electrode,

wherein the fifth electrode of the first control element is
connected to the fourth electrode, whereas the sixth
electrode of the first control element is connected to the
capacitor and to the first electrode,
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wherein the sixth electrode of the second control element
is connected to the capacitor and to the gate,

wherein the fifth electrode of the third control element is
connected to a first power supply which supplies cur-
rent to flow in the light emitting element, whereas the
sixth electrode of the third control element is connected
to the third electrode and to the fifth electrode of the
second control element, and

wherein the seventh electrode of the fourth control ele-
ment is connected to a data line supplying data voltage
according to emission luminance of the light emitting
element, whereas the eighth electrode of the fourth
control element is connected to the fourth electrode and
to the fifth electrode of the first control element.

15. A display apparatus, comprising:

a light emitting element including a first electrode, a
second electrode, and an organic light emitting layer
disposed between the first electrode and the second
electrode; and

a pixel circuit including a capacitor and a drive transistor
letting current according to voltage of the capacitor
flow in the light emitting element,

wherein the drive transistor has a third electrode and a
fourth electrode, and controls current to flow between
the third electrode and the fourth electrode in accor-
dance with voltage applied to a gate of the drive
transistor,

wherein the pixel circuit further includes a first control
element to a third control element, each of the first to
third control elements including a fifth electrode and a
sixth electrode and controlling conduction state of the
fifth electrode and the sixth electrode, and a fourth
control element having a seventh electrode and an
eighth electrode and controlling conduction state of the
seventh electrode and the eighth electrode,

wherein the third electrode of the drive transistor is
connected to a first power supply which supplies cur-
rent to flow in the light emitting element,

wherein the fifth electrode of the first control element is
connected to the gate, whereas the sixth electrode of the
first control element is connected to the capacitor,

wherein the fifth electrode of the second control element
is connected to a reference power supply, whereas the
sixth electrode of the second control element is con-
nected to the capacitor and to the sixth electrode of the
first control element,

wherein the fifth electrode of the third control element is
connected to the capacitor and to the fourth electrode,
whereas the sixth electrode of the third control element
is connected to the first electrode, and

wherein the seventh electrode of the fourth control ele-
ment is connected to a data line supplying data voltage
according to emission luminance of the light emitting
element, whereas the eighth electrode of the fourth
control element is connected to the gate and to the fifth
electrode of the first control element.
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