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LIGHT EMITTING DISPLAY DEVICE

TECHNICAL FIELD

[0001] Thepresentinvention relates to a current load device
which achieves a function thereof according to a current to be
supplied, and more particularly, to a light emitting display
device using a light emitting device as a current load. In
particular, the present invention relates to a light emitting
display device including a plurality of pixels formed in a
matrix form, each of which is comprised of an organic elec-
tro-luminescence (hereinafter, referred to as “EL”) device
serving as a light emitting device, and a drive circuit for
supplying a current to the organic EL device.

BACKGROUND ART

[0002] An organic EL device is a light emitting device
which emits light when a current passes therethrough as in a
light emitting diode (LED), and is also called an organic LED
(OLED). For the light emitting display device including a
plurality of pixels formed in a matrix form, each of which is
comprised of the organic EL device and the drive circuit for
driving the organic EL device, an active-matrix (hereinafter,
referred to as “AM”)-type organic EL display has been stud-
ied.

[0003] FIG. 6 illustrates a configuration example of pixels
of the AM-type organic EL display. In FIG. 6, reference
symbol LED denotes an organic EL device, reference
numeral 101 denotes a drive circuit, reference symbol DL
denotes a data line, and reference numeral SL denotes a scan
line. FIG. 7 illustrates a configuration example of the AM-
type organic EL display in which a plurality of pixels is
arranged in a matrix form (n columnsxm rows). In FIG. 7,
reference symbols SL1 to SLm each denote a scan line which
is arranged for each row of the first to m-th rows, and refer-
ence symbols DL1 to DLn each denote a data line which is
arranged for each column of the first to n-th columns. An
AM-type organic EL display 100 illustrated in FIG. 7 con-
trols, for each pixel, voltages and currents to be supplied from
drive circuits 101 to the organic EL device LEDs through the
datalines DL for each column, times, and the like, in response
to signals (H level or L level) of the scan lines SL for each row.
Through this control, luminance of the organic EL device
LED is adjusted, and gradation display thereof is performed.
[0004] In the AM-type organic EL display as described
above, in a case where the voltage-luminance characteristic of
the organic EL device changes over time, the display quality
is affected. This also applies to a case where there is variation
in characteristics of athin film transistor (hereinafter, referred
to as “TFT”) which is a component of a drive circuit, and a
case where the characteristics of the TFT are changed due to
an electrical stress to be applied. Accordingly, in order to
achieve high-quality display without unevenness, it is neces-
sary to develop a drive circuit and drive method, which is
hardly affected by a temporal change of the characteristics of
the organic EL device or by the variation and change in
characteristics of the TFT.

(Prior Art 1)

[0005] FIG. 8 illustrates a simplest drive circuit as a first
prior art. In FIG. 8, reference symbol LED denotes an organic
EL device, reference numeral 101 denotes a drive circuit,
reference symbol DL denotes a data line, reference symbol
SL denotes a scan line, reference symbol VS denotes a power
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supply line, reference symbol GND denotes a ground line,
reference symbol D-TFT denotes a driving p-type TFT, and
reference symbol C denotes a capacitor. An on/off operation
ofaswitch (switching element) SW1 is controlled in response
to the signal of the scan line SL.

[0006] In this prior art, the switch SW1 is turned on in
response to the signal ofa scan line SL, and a voltage from the
data line DL is applied to a gate terminal of the TFT (D-TFT),
which is provided within the drive circuit 101, through the
switch SW1, thereby retaining a voltage between the gate
terminal and a source terminal in the capacitor C. The TFT
supplies a current to the organic EL device LED according to
the voltage applied to the gate terminal. In this prior art, the
change in the OLED luminescence is small since the time
variation in the current-luminance characteristic of the OLED
device is smaller than the voltage-luminance characteristics.
On the other hand, when there is variation in characteristics of
the TFT, the current supplied to the organic EL device LED
varies, whereby display unevenness appears. In the prior art,
some drive circuits have been proposed in order to solve the
above-mentioned problem. In the following description, prior
art examples of those drive circuits will be described.

(Prior Art 2)

[0007] FIG. 9 illustrates a drive circuit disclosed in U.S.
Pat. No. 6,373,454 as a second prior art. In FIG. 9, reference
symbol LED denotes an organic EL device, reference
numeral 101 denotes a drive circuit, reference symbol DL
denotes a data line, reference symbols SLA and SLB each
denote a scan line, reference symbol VS denotes a power
supply line, reference symbol GND denotes a ground line,
reference symbol D-TFT denotes a driving p-type TFT, and
reference symbol C denotes a capacitor. An on/off operation
of each of switches (switching elements) SW1, SW2, and
SW3 is controlled in response to the signal of the scan lines
SL.

[0008] In this prior art, the switches SW1 and SW2 are
turned on in response to the signal of the scan line SLA, and
a current is supplied from the outside (data line DL) through
the switch SW1 to the TFT (D-TFT) provided within the drive
circuit 101, in which a short circuit between the gate terminal
and the drain terminal is formed through the switch SW2. As
aresult, the voltage at the gate terminal of the TFT can be set
as a voltage at which the current flows from the outside
according to the threshold and the mobility of the TFT. Then,
when the switch SW3 is turned on in response to the signal of
the scan line SLB, the TFT serves as a current source and is
capable of passing the current having the same intensity as
that from the outside to the organic EL device LED through
the switch SW3. Accordingly, if the current from the outside
does not vary, according to this prior art, it is possible to cause
a constant current to flow through the organic EL device and
perform display without unevenness irrespective of the char-
acteristic variation of the TFT.

(Prior Art 3)

[0009] FIG. 10 illustrates a drive circuit disclosed in U.S.
Pat. No. 6,501,466 as a third prior art. In FIG. 10, reference
symbol LED denotes an organic EL device, reference
numeral 101 denotes a drive circuit, reference symbol DL
denotes a data line, reference symbol SL denotes a scan line,
reference symbol VS denotes a power supply line, reference
symbol GND denotes a ground line, reference symbols
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L-TFT and D-TFT denote a pair of p-type TFTs forming a
current mirror circuit, and reference symbol C denotes a
capacitor. An on/off operation of each of switches (switching
elements) SW1 and SW2 is controlled in response to the
signal of the scan line SL.

[0010] According to this prior art, the switches SW1 and
SW2 are turned on in response to the signal of the scan line
SL, the gate terminal and the drain terminal of one TFT
(L-TFT) are short-circuited through the switch SW2, and a
current is supplied from the outside (dataline DL) through the
switch SW1. As aresult, the voltage at the gate terminal of the
L-TFT can be set as a voltage with which the current flows
from the outside. With this configuration, the other TFT
(D-TFT)ofthe prior art TFTs supplies a current to the organic
EL device LED according to the voltage. The two TFTs
forming the current mirror circuit are positioned closer to
each other and there is a small variation in characteristics
therebetween, so the current supplied to the organic EL
device LED is determined based on the current from the
outside and the current capability ratio between the L-TFT
and the D-TFT. Accordingly, if the current from the outside
does not vary, according to this prior art, it is possible to cause
a constant current to flow through the organic EL device and
perform display without unevenness irrespective of the varia-
tion in characteristics of the TFTs.

[0011] For the above-mentioned circuit, a TFT having a
channel layer made of a polycrystal-Si (hereinafter, referred
to as “p-Si”), amorphous silicon (hereinafter, referred to as
“a-Si”), an organic semiconductor (hereinafter, referred to as
“0S”), or the like has been studied. The p-Si TFT can be
produced with a high mobility at low working voltage, but
manufacturing costs therefor are high. On the other hand, the
a-Si TFT or the OS TFT can be produced at low cost with a
small number of manufacturing steps, but requires a high
working voltage and large power consumption because the
a-Siand OS the TFT have a lower mobility than the p-Si TFT.
Further, a TFT using a metal oxide semiconductor such as
Zn0 as the channel layer has been developed in recent years,
and it is reported that such a TFT has a higher mobility than
the a-Si TFT and the OS TFT.

[0012] It is difficult for the TFT having the channel layer
made of a-Si, an OS, or a metal oxide semiconductor to be of
a complementary TFT in which an n-type TFT and a p-type
TFT are formed on the same substrate. For example, a p-type
semiconductor having a high mobility has not been obtained
with a-Si or a metal oxide, so it is difficult to form a p-type
TFT. In addition, with regard to the OS, the n-type semicon-
ductor and the p-type semiconductor that have a high mobility
are made of different materials, which requires twice as many
processes and makes it difficult to manufacture the TFT at low
costs. Accordingly, it is necessary that the drive circuit using
those TFTs is formed of only the n-type TFT or the p-type
TFT.

[0013] Further, it is known that the TFT having the channel
layer made of a-Si, an OS, or a metal oxide has a current-
voltage characteristic which can shift according to the voltage
to be applied between the gate terminal and the source termi-
nal.

[0014] In the above description, the a-Si TFT is used for a
pixel of an AM-type liquid crystal display (hereinafter,
referred to as “L.CD”) and a production technology therefor
with a diagonal size of several ten inches is established. For
this reason, the a-Si TFT is regarded as a promising TFT for
a drive circuit of a large AM-type organic EL display having
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a diagonal size of 10 inches or larger, and technology devel-
opment has been promoted (see fourth prior art as illustrated
in FIG. 11 to be described later).

[0015] On the other hand, the organic EL device generally
has a configuration in which at least a light emitting layer
made of an organic material which is sandwiched between an
anode electrode and a cathode electrode. The organic material
is affected by heat, electromagnetic wave, water, and the like,
so characteristics thereof are liable to be changed. For this
reason, for a light emitting display device using the organic
EL device, it is desirable to use a manufacturing process in
which the light emitting layer made of the organic material is
formed after formation of the drive circuit and the anode
electrode, and then the cathode electrode is formed by
vacuum deposition or the like which causes less damage.
[0016] According to the above-mentioned process, it is
considered a case where each pixel of the AM-type organic
EL display includes a drive circuit formed of an n-type TFT,
and an organic EL device having an anode electrode, an
organic light emitting layer, and a cathode electrode that are
formed in the stated order from the bottom. In this case,
functions disclosed in U.S. Pat. No. 6,373,454 and U.S, Pat,
No. 6,501,466 cannot be achieved only by replacing the
p-type TFT with the n-type TFT. This is because, in U.S. Pat.
No. 6,373,454 and U.S. Pat. No. 6,501,466, the source termi-
nal voltage of the p-type TFT is fixed by a power supply, and
the gate terminal voltage is determined based on the current
from the outside. For this reason, at the time of driving the
organic EL device, the voltage difference between the gate
terminal and the source terminal is fixed, which functions as
a constant current source with respect to the organic EL
device. In this case, when the p-type TFT is replaced with the
n-type TFT, the voltage between the gate terminal and the
drain terminal is fixed, which does not function as a constant
current source. Further, as described above, the characteristic
shift due to the applied voltage is caused, so it is necessary to
suppress the influence of the characteristic shift.

(Prior Art 4)

[0017] A fourth priorart is a prior art for solving the above-
mentioned problem with the drive circuit using an a-Si TFT.
FIG. 11 illustrates a drive circuit disclosed in A. Nathan et al.
(SID 05 DIGEST, p. 26, FIG. 3) and A. Nathan et al. (SID 06
DIGEST, 46.1, FIG. 1). In FIG. 11, reference symbol LED
denotes an organic EL device, reference numeral 101 denotes
a drive circuit, reference symbol DL denotes a data line,
reference symbol SL denotes a scan line, reference symbol
VS denotes a power supply line, reference symbol GND
denotes a ground line, reference symbols L-TFT and D-TFT
denote a pair of n-type TFTs forming a current mirror circuit,
and reference symbol C denotes a capacitor. An on/off opera-
tion of each of switches (switching elements) SW1 and SW 2
is controlled in response to the signal of the scan line SL.

[0018] In this prior art, the current mirror circuit disclosed
in U.S. Pat. No. 6,501,466 is applied. According to this prior
art, the switches SW1 and SW2 are turned on in response to
the signal of the scan line SL, the gate terminal and the drain
terminal of the L-TFT are connected to each other through the
switch SW2, and a current is supplied from the outside (data
line DL) through the switch SW1. Then, the supplied current
flows from the drain terminal of the L-TFT to the source
terminal thereof and further to the organic EL, device LED.
Accordingly, the voltages at the gate terminal and the source
terminal of the L-TFT become a voltage with which the
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current flows from the outside. In addition, the D-TFT has a
common gate terminal and source terminal with the L-TFT,
so the D-TFT supplies the current to the organic EL device
LED according to the gate terminal voltage and the source
terminal voltage of the L-TFT. By retaining the gate terminal
voltage in the capacitor C, the D-TFT can supply a current
which is the same as the current obtained during a period in
which the current is supplied from the outside, even in a
period in which the current from the outside is stopped.
[0019] In addition, during the operation, the gate terminals
and the source terminals of the D-TFT and the L-TFT are
supplied with the same voltage, and the characteristic shifts of
the TFTs become the same. At this time, the current capability
ratio between the D-TFT and the L-TFT is retained. In this
case, even when the characteristic shift is caused, the current
flowing through those TFTs can be made comparable to the
current obtained before the characteristic shift is caused.
[0020] Note that, in this prior art, it is necessary for the
L-TFT to have sufficiently low capability for causing the
current to flow, as compared with the D-TFT. This is because
the organic EL device is supplied with a current from the
L-TFT and the D-TFT during a period in which a current from
the outside is supplied, while during a period in which the
current from the outside is stopped, the organic EL device is
supplied with a current only from the D-TFT. Accordingly, in
both periods, the source voltages of the L-TFT and the D-TFT
which are determined based on the current capability of the
organic EL device do not match with each other when a
current value of the L-TFT is larger than that of the D-TFT. In
this case, the current set during the period in which the current
from the outside is supplied cannot be caused to flow during
the period in which the current from the outside is stopped. As
aresult, it is necessary that the current supplied to the L-TFT
from the outside is made smaller than the current supplied by
the D-TFT to the organic EL device.

[0021] On the other hand, in recent years, the current-lumi-
nance characteristic of the organic EL device has been
improved, and the current supplied to the organic EL device
has been lowered. In addition, there is a demand for a larger
and higher-definition organic EL display, and a line load tends
to be increased. Therefore, in the prior arts particularly in a
case of supplying a low current corresponding to low grada-
tion from the outside, along time is necessary for charging the
line load. In this case, it takes a long time to perform an
operation for setting the voltage at the gate terminal of the
TFT provided within the drive circuit to be equal to the
voltage at which the current from the outside flows, according
to the threshold and the mobility of the TFT, which makes it
difficult to apply the organic EL device to a display device
with high-resolution and a large screen. In order to overcome
the difficulty, a unit for increasing the current from the outside
may be employed, but the unit cannot be applied to the fourth
prior art as described above.

DISCLOSURE OF THE INVENTION

[0022] Itis an object of the present invention to provide a
light emitting display device using a drive circuit comprised
of only unipolar thin film transistors, which is capable of
suppressing an effect of characteristic shifts of the thin film
transistors due to an applied voltage, and is capable of being
applied to a large and high-resolution light emitting display
device.

[0023] In order to attain the above-mentioned object,
according to a first aspect of the present invention, there is
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provided a light emitting display device including a pixel
having a light emitting device and a drive circuit for driving
the light emitting device. The drive circuit includes a first thin
film transistor, a second thin film transistor, a first switch, and
a capacitor.

[0024] A gate terminal of the first thin film transistor is
connected to a gate terminal of the second thin film transistor,
and a source terminal of the first thin film transistor is con-
nected to a source terminal of the second thin film transistor.
The source terminals are connected to one end of the light
emitting device, and the first thin film transistor and the sec-
ond thin film transistor have the same polarity. In addition, the
first switch has one end connected to the source terminals of
the first thin film transistor and the second thin film transistor
and to one end of the light emitting device and has the other
end connected to a first line. Further, the capacitor has one end
connected to the gate terminals of the first thin film transistor
and the second thin film transistor and has the other end
connected to the source terminals of the first thin film tran-
sistor and the second thin film transistor. A second line sup-
plies a drive signal to the light emitting device.

[0025] Thedrive circuit has at least a first period for writing
the drive signal and a second period for driving the light
emitting device after the first period.

[0026] The first period contains a period in which the first
line and one end of the light emitting device are set to the same
voltage through the first switch, and a second line is electri-
cally connected to the drain terminal of the first thin film
transistor and the gate terminals of the first thin film transistor
and the second thin film transistor to thereby supply a current
to the first thin film transistor from the second line.

[0027] The second period contains a period in which con-
nection between the second line and the first thin film tran-
sistor, connection between the second line and the second thin
film transistor, and the first switch are shut off.

[0028] Further, in order to attain the above-mentioned
object, according to a second aspect of the present invention,
there is provided a light emitting display device including a
pixel having a light emitting device and a drive circuit for
driving the light emitting device. The drive circuit includes a
first thin film transistor, a second thin film transistor, a first
switch, and a capacitor.

[0029] A gate terminal of the first thin film transistor is
connected to a gate terminal of the second thin film transistor,
and a source terminal of the first thin film transistor is con-
nected to a source terminal of the second thin film transistor.
The source terminals are connected to one end of the light
emitting device, and the first thin film transistor and the sec-
ond thin film transistor have the same polarity. In addition, the
first switch has one end connected to the source terminals of
the first thin film transistor and the second thin film transistor
and to one end of the light emitting device and has the other
end connected to a first line. Further, the capacitor has one end
connected to the gate terminals of the first thin film transistor
and the second thin film transistor and has the other end
connected to the source terminals of the first thin film tran-
sistor and the second thin film transistor. A second line sup-
plies a drive signal to the light emitting device.

[0030] Thedrive circuit has at least a first period for writing
the drive signal and a second period for driving the light
emitting device after the first period.

[0031] During the first period, the driving circuit sets the
first line and one end of the light emitting device to the same
voltage through the first switch and supplies a current from
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the second line to the drain terminal of the first thin film
transistor and the gate terminals of the first thin film transistor
and the second thin film transistor to thereby retain in the
capacitor a voltage between the gate terminal and the source
terminal of the second thin film transistor which is deter-
mined based on a current flowing between the drain terminal
and the source terminal of the first thin film transistor.
[0032] Further, during the second period, the drive circuit
supplies to the light emitting device a current flowing
between the source terminal and the drain terminal of the
second thin film transistor according to the retaining voltage
of the capacitor.

[0033] According to the present invention, each pixel has a
drive circuitincluding a current mirror circuit formed ofa pair
of thin film transistors having the same polarity. The pair of
thin film transistors have a common source terminal con-
nected to one end of the light emitting device and connected
to the first line through the first switch, and there is provided
acapacitor between the gate terminal and the source terminal.
With this configuration, it is possible to provide a light emit-
ting display device using a drive circuit comprised of only
unipolar thin film transistors, which is capable of suppressing
the effect of the characteristic shifts of the thin film transistors
due to the applied voltage, and is capable of being applied to
a large and high-resolution light emitting display device.
[0034] 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

[0035] FIG.1isacircuit diagram for illustrating a configu-
ration of a pixel of a light emitting display device according to
Example 1 of the present invention.

[0036] FIG. 2 is a timing chart illustrating an operation of
the light emitting display device according to Example 1.
[0037] FIG. 3 is a timing chart for illustrating an operation
of a light emitting display device according to Example 2 of
the present invention.

[0038] FIG.4isa circuit diagram for illustrating a configu-
ration of a pixel of a light emitting display device according to
Example 3 of the present invention.

[0039] FIG.5isatiming chart for illustrating the operation
of the light emitting display device according to Example 3.

[0040] FIG. 6is a diagram for illustrating a configuration of
a pixel.
[0041] FIG.7isadiagram for illustrating a configuration of

an organic EL display device.

[0042] FIG. 8isa circuit diagram for illustrating a configu-
ration of a pixel according to a first prior art example.
[0043] FIG.9isa circuit diagram for illustrating a configu-
ration of a pixel according to a second prior art example.
[0044] FIG. 10 is a circuit diagram for illustrating a con-
figuration of a pixel according to a third prior art example.
[0045] FIG. 11 is a circuit diagram for illustrating a con-
figuration of a pixel according to a fourth prior art example.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0046] Hereinafter, exemplary embodiments of the present
invention will be described with reference to the drawings.

[0047] In an embodiment of the present invention, a light
emitting display device using an organic EL device will be
described, but the present invention can also be applied to a
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light emitting display device other than the organic EL
device, which emits light with a supplied current, and to a
current load device using a normal current load which indi-
cates an arbitrary function for a supplied current. In addition,
in the embodiment, an n-type TFT is described. Alternatively,
as described later, it is possible to employ a p-type TFT,
instead of the n-type TFT, with an anode terminal of the
organic EL device being replaced with a cathode terminal.

[0048] The light emitting device according to the embodi-
ment has a pixel which includes at least an organic EL device
whose luminance is determined based on a supplied current,
and a drive circuit for supplying a constant current to the
organic EL device.

[0049] The organic EL device is also called “OLED” as
described above and can afford a planar self-emitting light
capable of emitting light at high luminance. The organic EL
device enables light emission at low voltage and with high
efficiency by laminating organic layers serving as a light
emitting layer between an anode electrode and a cathode
electrode according to functions thereof and by increasing the
number of functional laminated layers of the organic layers. A
basic configuration of the organic EL device is such that the
organic EL device includes an EL light emitting layer com-
prised of organic layers and a hole transport layer between an
anode electrode and a cathode electrode to form an anode
electrode/hole transport layer/EL light emitting layer/cath-
ode electrode laminated structure. In the light emitting dis-
play device using the organic EL device as the light emitting
device, light emitting luminance is controlled through injec-
tion of holes and electrons into the light emitting layer. It
should be noted that the organic EL device is a known matter,
so a detailed description thereof will be omitted.

[0050] A light emitting display device according to the
present invention will be described with reference to FIGS. 1
and 2.

[0051] The light emitting display device according to the
present invention has a pixel including a light emitting device
and a drive circuit 101 for driving the light emitting device.
The drive circuit 101 includes a first thin film transistor
L-TFT, a second thin film transistor D-TFT, a first switch
TFT3, a capacitor C, and a first line GND.

[0052] The first thin film transistor and the second thin film
transistor (L-TFT and D-TFT) have gate terminals connected
to each other and source terminals connected to each other,
and the source terminals are connected to one end (anode
terminal) of the light emitting device. In this case, the first thin
film transistor and the second thin film transistor (L-TFT and
D-TFT) have the same polarity.

[0053] Further, the first switch TFT3 has one end connected
to the source terminals of the first thin film transistor and the
second thin film transistor (L-TFT and D-TFT) and one end
(anode terminal) of the light emitting device and has the other
end connected to the first line GND.

[0054] Further, the capacitor C has one end connected to the
gate terminals of the first thin film transistor and the second
thin film transistor (L-TFT and D-TFT) and has the other end
connected to the source terminals of the first thin film tran-
sistor and the second thin film transistor. A second line DL
supplies a drive signal of the light emitting device.

[0055] Then, the drive circuit according to the present
invention has at least a first period (T1 of FIG. 2) for writing
the drive signal and a second period (T2 of FIG. 2) for driving
the light emitting device after the first period.
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[0056] During the first period (T1), the drive circuit sets the
first line and one end (anode terminal) of the light emitting
device to the same voltage through the first switch TFT3. In
addition, during the first period (T1), the drive circuit electri-
cally connects the second line DL to the drain terminal of the
first thin film transistor and the gate terminals of the first thin
film transistor and the second thin film transistor to thereby
supply a current from the second line to the first thin film
transistor. The first period (T1) contains a period for perform-
ing the above-mentioned operations.

[0057] In this case, when connecting the second line to the
drain terminal of the first thin film transistor and the gate
terminals of the first thin film transistor and the second thin
film transistor, a second switch TFT4 and a third switch TFT5
may be used as illustrated in FIG. 1.

[0058] Inotherwords, itis possible to use the second switch
TFT4 having one end connected to the second line and the
other end connected to the drain terminal of the L-TFT and
the third switch TFT5 having one end connected to the drain
terminal of the L-TFT and the other end connected to the gate
terminal of the L-TFT.

[0059] In addition, in this case, the drain terminal of the
third switch TFT5 may be directly connected to the second
line DL.

[0060] The second period (T2) contains a period for shut-
ting off the connection between the second line and the first
thin film transistor, connection between the second line and
the second thin film transistor, and the first switch.

[0061] Through the operations during the above-mentioned
first period and second period, the drive circuit performs the
following operations.

[0062] During the first period (T1), the drive circuit sets the
first line and one end of the light emitting device to the same
voltage through the first switch TFT3. Further, the drive cir-
cuit supplies a current from the second line DL to the drain
terminal of the first thin film transistor and the gate terminals
of the first thin film transistor and the second thin film tran-
sistor. As aresult, it is possible to retain, in the capacitor C, the
voltage between the gate terminal and the source terminal of
the second thin film transistor, which is determined based on
the current flowing between the drain terminal and the source
terminal of the first thin film transistor.

[0063] Further, during the second period (T2), the drive
circuit supplies to the light emitting device a current flowing
between the source terminal and the drain terminal of the
second thin film transistor, according to a retaining voltage of
the capacitor. In this case, the retaining voltage of the capaci-
tor corresponds to a potential difference between Va and Vb.
In addition, the current supplied to the light emitting device is
supplied from a power supply line VS.

[0064] More desirably, in the light emitting display device
according to the embodiment, the value (W/L) obtained by
dividing the channel width of the L-TFT by the channel
length thereof is equal to the value W/L of the D-TFT, or the
value W/L of the L-TFT is larger than the value W/L of the
D-TFT. As a result, it is possible to define the size ratio
between a pair of L-TFT and D-TFT that form a current
mirror circuit.

[0065] More desirably, in the light emitting display device
according to the embodiment, the capacitance value of the
capacitor is three times or more as large as the total capaci-
tance value obtained by adding the channel capacitance and
the gate-drain overlap capacitance of the L-TFT and the chan-
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nel capacitance and the gate-drain overlap capacitance of the
D-TFT. As a result, it is possible to define the size of the
capacitance.

[0066] More desirably, in the light emitting display device
according to the embodiment, the voltage of the first line is
equal to or lower than a working voltage of the organic EL
device. As a result, it is possible to interrupt the drive current
flowing to the organic EL. device at the time of current writing.
[0067] More desirably, the light emitting display device
according to the embodiment includes a drive circuit which
does not allow current to flow between the source and the
drain of the D-TFT during the period in which at least first to
third switches are made conductive (ON period; first period).
As aresult, it is possible to interrupt the drive current flowing
through the organic EL device at the time of current writing.
[0068] More desirably, the light emitting display device
according to the embodiment includes, as the drive circuit
which does not allow current to flow between the source and
the drain of the D-TFT, a circuit which sets the drain terminal
voltage of the D-TFT to the voltage of the first line during the
period in which the first to third switches are in the ON state.
As a result, the drive current flowing through the organic EL
device is interrupted by the change in the power supply volt-
age that corresponds to the drain terminal voltage of the
D-TFT. Alternatively, the light emitting display device
according to the embodiment includes a fourth switch
between the drain terminal of the D-TFT and the third line (or
a power supply). The fourth switch includes at least a drive
circuit (current breaker) which conducts interruption, or turn-
ing-off, during the period in which at least the first to third
switches are in the ON state. Through the fourth switch, it is
possible to interrupt the drive current flowing through the
organic EL device.

[0069] More desirably, the light emitting display device
according to the embodiment includes a drive circuit which
provides a period in which a current is not caused to flow
between the source and the drain of the D-TFT (third period)
in at least a part of the period in which the first to third
switches are shut off (OFF period; second period). The drive
circuit is characterized by using the change in a power supply
voltage or the fourth switch. As a result, it is possible to
interrupt the drive current flowing to the organic EL device
during the third period.

[0070] More desirably, in the light emitting display device
according to the embodiment, the first to third switches are
each formed of an n-type TFT (hereinafter, referred to as
“third to fifth n-type TFTS”) which have the same configu-
ration as the L-TFT and the D-TFT. In the third to fifth n-type
TFTs, one of the source terminal and the drain terminal
thereof functions as one end of each switch, and the other of
the source terminal and the drain terminal functions as the
other end of each switch. As a result, the first to third switches
can be formed of the TFT having the same configuration as
the L-TFT and the D-TFT.

[0071] More desirably, the light emitting display device
according to the embodiment is characterized in that the gate
terminals of the third to fifth n-type TFTs are connected to the
fourth line. As a result, it is possible to perform common
control of TFTs forming the switches.

[0072] More desirably, in the light emitting display device
according to the embodiment, the fourth switch is formed of
ann-type TFT (hereinafter, referred to as “sixth n-type TFT™)
which has the same configuration as the L-TFT, the D-TFT,
and the third to fifth n-type TFTs. In the sixth n-type TFT, one
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of the source terminal and the drain terminal functions as one
end of the switch, and the other of the source terminal and the
drain terminal functions as the other end of the switch. As a
result, the fourth switch is formed of the TFT having the same
configuration as the L-TFT, the D-TFT, and the first to third
switches.

[0073] More desirably, in the light emitting display device
according to the embodiment, the TFTs constituting the drive
circuit each have an n-type semiconductor film made of an
amorphous metal oxide having a carrier density of 10*® [cm™
3] or lower, as an n-type TFT channel film of the n-type TFT.
The film has a mobility of 1 [cm?/Vs] or more, and an on/off
ratio of 10° or more. As a result, as the TFT forming the drive
circuit, the TFT using an oxide semiconductor as a channel
film can be used.

[0074] More desirably, in the light emitting display device
according to the embodiment, any one of the above-men-
tioned drive circuits is employed as the drive circuit, and
plural drive circuits are formed on the substrate in a matrix
form.

[0075] According to the drive circuit of the embodiment,
during the period in which a current is supplied from the
outside and a current which is caused to flow through the pair
of n-type TFTs (L-TFT and D-TFT) which form the current
mirror circuit is set, no current flows because the voltage
between the cathode terminal and the anode terminal of the
organic EL device becomes equal to or lower than the work-
ing voltage. In addition, the voltage between the gate terminal
and the source terminal at which the current supplied from the
outside flows is retained in the L-TFT and the D-TFT.
Accordingly, the D-TFT functions as a constant current
source as long as the D-TFT operates in a saturation region. In
addition, the capacitance is sufficiently larger than the para-
sitic capacitance such as the overlap capacitance, so it is
possible to ignore the effect of the parasitic capacitance even
when the voltage at the source terminal, the drain terminal, or
the like is fluctuated.

[0076] Further, according to the embodiment, during the
period for supplying current to the organic EL device, the
voltages at the drain terminal and the source terminal of the
L-TFT become equal to the voltage of the source terminal of
the D-TFT, and the voltages at the gate terminal and the
source terminal of each ofthe L-TFT and the D-TFT are equal
to each other. Accordingly, it is possible to set a characteristic
change due to an applied voltage to be equal between the
L-TFT and the D-TFT.

[0077] Further, according to the embodiment, by setting the
current capability of the L-TFT to be larger than that of the
D-TFT, it is possible to make the current supplied from the
outside to the L-TFT larger than the current supplied to the
organic EL device by the D-TFT. Accordingly, the present
invention can also be applied to a large and high-resolution
display. In addition, according to the embodiment, as
described above, during the period for setting the current, the
current is not caused to flow through the organic EL device.
Therefore, even when the current supplied from the outside is
large, no large current is caused to flow through the organic
EL device. As a result, during the current setting period,
degradation of the organic EL device due to the large current
can be suppressed, and there is no need to set the voltages
necessary at the time of current setting to be higher.

[0078] Further, according to the embodiment, during the
period in which a current is supplied from the outside and a
current caused to flow through the current mirror n-type TFTs
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(L-TFT and D-TFT) is set, the current flowing through the
D-TFT can be stopped. In addition, if this function is used
before and after the period in which the current is supplied to
the organic EL device, that is, the organic EL device emits
light, or only before the period, or only after the period, it is
possible to provide a period for stopping light emission of the
organic EL device without causing the current to flow through
the D-TFT. When the period for stopping the light emission is
provided in this manner, in order to achieve the same time-
average luminance as that of a case where the period for
stopping the light emission is not provided, the current sup-
plied to the organic EL device is increased. This corresponds
to increasing the current supplied from the outside, and thus,
the present invention can also be applied to a large and high-
resolution display. In addition, by providing the period for
stopping the light emission, a similar function to that of a
cathode ray tube (CRT) is obtained, and a high-quality
dynamic image display with less afterimages can be
achieved.

[0079] Further, according to the embodiment, as the n-type
TFT, an n-type TFT using a semiconductor layer made of an
amorphous metal oxide having a carrier density of 10*® [em™
3] or lower and a field effect mobility of 1 [cm?®/Vs] or more as
the channel layer is used. As a result, as compared with a case
of constituting the light emitting display device using an a-8i
TFT or an OS TFT, the light emitting display device using the
TFT, capable of being formed at room temperature, with less
power consumption can be produced. In addition, the light
emitting device has a high mobility, so it is possible to achieve
a high-resolution and large screen.

[0080] As described above, according to the embodiment,
in the light emitting display device using the organic EL
device, it is possible to provide a drive circuit for the organic
EL device in which an anode electrode, an organic material
light emitting layer, and a cathode electrode are laminated in
the stated order from the bottom on the drive circuit. The drive
circuit can be comprised of an n-type TFT using a-Si, OS, or
a metal oxide semiconductor as the channel layer. Further, it
is possible to provide a drive circuit capable of suppressing
the effect of the characteristic shift of the TFT caused by the
applied voltage. In addition, it is possible to provide a drive
circuit capable of being applied to a large and high-resolution
light emitting display device.

[0081] Hereinafter, various examples of the light emitting
display device using the organic EL device will be described.
However, the present invention is not limited to the organic
EL device, and can also be applied to other current loads.
Further, in the following description, an n-type TFT using an
amorphous metal oxide semiconductor as the channel layer is
used, but the present invention can also be applied to an a-Si
TFT and an OS TFT. In addition, the present invention can
also be applied to a light emitting display device which is
formed of only an n-type TFT having a channel layer made of
another semiconductor material.

Example 1
[0082] First, Example 1 of the present invention will be
described.
[0083] A configuration ofthis example isillustrated in FIG.

1. The light emitting display device illustrated in FIG. 1 is an
organic EL display device (AM-type organic EL display)
including pixels each having an organic EL device LED hav-
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ing a cathode terminal connected (grounded) to a ground line
GND, and a drive circuit 101 for driving the organic EL
device LED.

[0084] The organic EL device LED has an anode electrode,
an organic material light emitting layer and a cathode elec-
trode, which are laminated in the stated order from the bot-
tom.

[0085] The drive circuit 101 includes a first n-type TFT
(hereinafter, referred to as “L-TFT”), a second n-type TFT
(hereinafter, referred to as “D-TFT”), a third n-type TFT
(hereinafter, referred to as “TFT3”), a fourth n-type TFT
(hereinafter, referred to as “TFT4”), a fifth n-type TFT (here-
inafter, referred to as “TFT5”), and a capacitor C. The L-TFT
and the D-TFT are each formed of an n-type TFT forming a
current mirror circuit (n-type current mirror TFT), and the
TFT3. the TFT4, and the TFTS5 are each formed of an n-type
TFT forming a switch (switching element) (n-type switching
TFT).

[0086] Inthedrivecircuit 101, thereare arranged lines such
as a data line DL for supplying to the L-TFT a current which
corresponds to display gradation of a pixel, a scan line SL
connected to each gate terminal of the TFT3, the TFT4, and
the TFTS, a power supply line VS, and a ground line GND.
The ground line GND corresponds to the first line of the
present invention, the data line DL corresponds to the second
line of the present invention, the power supply line VS corre-
sponds to the third line of the present invention, and the scan
line SL corresponds to the fourth line of the present invention,
respectively.

[0087] The L-TFT has a source terminal connected to the
anode terminal of the organic EL device LED, and a gate
terminal connected to one end of the capacitor C. The L-TFT
corresponds to the first thin film transistor forming the current
mirror circuit of the present invention.

[0088] The D-TFT has a source terminal connected to the
anode terminal of the organic EL device LED, and a gate
terminal connected to one end of the capacitor C, and a drain
terminal connected to the power supply line VS. The D-TFT
corresponds to the second thin film transistor forming the
current mirror circuit of the present invention.

[0089] TheTFT3 has source and drain terminals, one of the
source and drain terminals being connected to the anode
terminal of the organic EL device LED, and the other of the
source and drain terminals being connected (grounded) to the
ground line GND. The TFT3 corresponds to the first switch of
the present invention.

[0090] TheTFT4 has source and drain terminals, one of the
source and drain terminals being connected to the data line
DL and the other of the source and drain terminals being
connected to the drain terminal of the L-TFT. The TFT4
corresponds to the second switch of the present invention.
[0091] TheTFT5 has source and drain terminals, one of the
source and drain terminals being connected to the drain ter-
minal of the L-TFT, and the other of the source and drain
terminals being connected to the gate terminal of the L-TFT.
The TFT5 corresponds to the third switch of the present
invention.

[0092] The capacitor C has one end connected to the gate
terminals of the L-TFT and the D-TFT, and the other end
connected to the source terminals of the L-TFT and the
D-TFT. In addition, the other end of the capacitor C is con-
nected to the anode terminal of the organic EL device LED.
[0093] Inthis case, the voltage of the power supply line VS
is set to a voltage VD at which the D-TFT operates in the
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saturation region even in a case where the current set during
the current writing period to be described later is caused to
flow through the D-TFT and the organic EL device LED.
[0094] Further, the current capability of the L-TFT is
assumed to be 4 times as large as that of the D-TFT. This can
be realized by setting the channel length of the L-TFT to be
equal to that of the D-TFT and by setting the channel width of
the L-TFT to be 4 times as long as that of the D-TFT.
[0095] Inaddition, the capacitance value of the capacitor C
is set to be 3 times or more as large as the total sum of the
parasitic capacitances such as the overlap capacitance regard-
ing the L-TFT and the D-TFT.

[0096] Next, referring to atiming chart illustrated in FIG. 2,
operations according to this example will be described.
[0097] First, during the period T1 in which a signal of the
scan line SL is set to an H level (current writing period: first
period), the TFT3, the TFT4, and the TFT5 are turned on.
During the period T1, when the TET3 is turned on, the voltage
at the source terminals of the L-TFT and the D-TFT and the
voltage Vb at the anode terminal of the organic EL device
LED are the same as the voltage of the ground line GND
through the TET3. On the other hand, when the TFT4 and the
TFTS5 are turned on, a current which is 4 times as much as the
current to be supplied to the organic EL device LED is sup-
plied from the data line DL to the drain terminal of the L-TFT
through the TFT4. As a result, the voltage Va at the gate
terminal is set as a voltage at which the current 4 times as the
current to be supplied to the organic EL device LED flows
between the drain terminal and the source terminal of the
L-TFT. At the same time, between the drain terminal and the
source terminal of the D-TFT, % of the current from the data
line DL, that is, the current to be supplied to the organic EL
device LED flows. On the other hand, the voltage Vb at the
anode terminal of the organic EL device LED is at the same
potential as that of the voltage of the ground line GND.
Accordingly, the current flowing through the D-TFT does not
flow through the organic EL device LED, but entirely flows
toward the ground line GND through the TFT3.

[0098] Next, during the period T2 in which the signal of the
scan line SL is set to a L level (LED driving period which
corresponds to light emitting period: second period), the
TFT3, the TFT4, and the TFTS are turned off. During the
period T2, through the capacitor C, the voltage difference
between the gate terminal and the source terminal of the
D-TFT becomes a voltage difference set during the current
writing period T1. In other words, the D-TFT becomes a
current source for supplying the current set during the current
writing period T1 from the D-TFT toward the organic EL
device LED, as long as the D-TFT performs a saturation
operation. Accordingly, the source terminal voltage of the
D-TFT becomes such an anode terminal voltage that the
current set during the current writing period T1 flows through
the organic EL device LED. Then, the gate terminal voltage of
the D-TFT becomes a voltage obtained by adding the voltage
difference between the gate terminal and the source terminal,
which is set during the current writing period T1, to the anode
terminal voltage of the organic EL device LED. As a result,
the organic EL device LED emits light according to the sup-
plied current.

[0099] On the other hand, the gate terminal of the L-TFT is
at the same voltage as that of the gate terminal of the D-TFT,
so the voltages of the source terminal and the drain terminal of
the L-TFT become the same as that of the source terminal of
the D-TFT.
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[0100] Hereinafter, in the organic EL display, the above-
mentioned operations are repeated for each line, thereby dis-
playing images on the display.

[0101] Therefore, according to this example, during the
current writing period for supplying a current from the data
line to the L-TFT, the voltages at the cathode terminal and the
anode terminal of the organic EL device LED become the
same, so no current flows therethrough. In addition, the volt-
age between the gate terminal and the source terminal at
which the current supplied from the data line flows is retained
in the capacitor C for the L-TFT and the D-TFT. Also during
the LED driving period, the D-TFT functions as the constant
current source as long as the D-TFT operates in the saturation
region. In addition, the capacitor C is sufficiently larger than
the total sum of the parasitic capacitances such as the overlap
capacitance regarding the L-TFT and the D-TFT. Accord-
ingly, it is possible to ignore the effect of the parasitic capaci-
tance even when the voltages of the source terminal, the drain
terminal, and the like are fluctuated.

[0102] Further, according to this example, during the LED
driving period, the voltage between the drain terminal and the
source terminal of the L-TFT becomes equal to the voltage at
the source terminal of the D-TFT, and voltages between the
gate terminals and the source terminals of the L-TFT and the
D-TFT can be set to be equal to each other. Accordingly, the
same characteristic change caused by the applied voltage can
be obtained in the L-TFT and the D-TFT. As a result, the
change in current capability ratio between the L-TFT and the
D-TFT does not appear, and the influence of the characteristic
change of the L-TFT and the D-TFT can be suppressed as
long as the current from the data line is written.

[0103] Further, according to this example, by setting the
current capability of the L-TFT to be larger than that of the
D-TFT, it is possible to make the current to be supplied from
the data line to the L-TFT larger than the current supplied to
the organic EL device LED by the D-TFT. As a result, the
current writing period can be shortened, and application to the
large and high-resolution display is possible.

[0104] Further, according to this example, during the cur-
rent writing period, no current is caused to flow through the
organic EL device. Accordingly, as described above, even
when the current supplied from the outside is large, no large
current flows through the organic EL device. In this case, it is
possible to suppress degradation of the organic EL device,
and there is no need to increase the voltage of the data line in
order to compensate the rise of the anode terminal voltage of
the organic EL device.

[0105] Inaddition, according to this example, as the L-TFT
and the D-TFT, an n-type TFT using a semiconductor layer
made of an amorphous metal oxide having a carrier density of
10'® [cm~3] or lower and a field effect mobility of 1 [cm?/Vs]
or more as the channel layer is used. As a result, as compared
with a case of constituting the light emitting device using an
a-Si TFT or an OS TFT, the light emitting display device
using the TFT capable of being formed at room temperature
with less power consumption can be produced. In addition,
the light emitting device has a high mobility, so it is possible
to realize the high-resolution and large displays.

Example 2

[0106] Next, Example 2 of the present invention will be
described. A configuration of a light emitting display device
according to this example is identical with that of Example 1.
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Note that this example is characterized in that the voltage of
the power supply line VS is varied.

[0107] Hereinafter, referring to a timing chart illustrated in
FIG. 3, operations according to this example will be
described.

[0108] First, in a period T11 in which the signal of the scan
line SL is set to the H level, and the voltage of the power
supply line VS is set to be at the same potential as the voltage
of the ground line GND (hereinafter, referred to as “GND”)
(current writing period), the TFT3, the TFT4, and the TFT5
are turned on. During the period T11, when the TFT3 is turned
on, the voltage of the source terminals of the L-TFT and the
D-TFT and the voltage Vb of the anode terminal of the
organic EL device LED are at the same potential as that of the
voltage of the ground line GND through the TFT3. On the
other hand, when the TFT4 and the TFT5 are turned on, a
current which is 16 times as much as the current to be supplied
to the organic EL device LED is supplied from the data line
DL to the drain terminal of the L-TFT. As a result, the voltage
Va of the gate terminal is set to such a voltage that the current
16 times as much as the current to be supplied to the organic
EL device LED flows between the drain terminal and the
source terminal of the L-TFT. On the other hand, the voltage
of the power supply line VS is equal to GND, so no current
flows between the drain terminal and the source terminal of
the D-TFT. In addition, the voltage Vb at the anode terminal
of the organic EL device LED is at the same potential as the
voltage of the ground line GND, so no current flows through
the organic EL device LED.

[0109] Then, there is provided a period T21 in which the
signal of the scan line SL is set to a L level and the voltage of
the power supply line VS is set to the voltage VD (LED
driving period which corresponds to light emitting period).
Note that the period T21 is set to /4 of the LED driving period
T2 of Example 1. During the period T21, the TFT3, the TFT4,
and the TFT5 are turned off. Inaddition, through the capacitor
C, the voltage difference between the gate terminal and the
source terminal of the D-TFT becomes a voltage difference
set during the current writing period T11. Specifically, the
D-TFT becomes a current source for supplying the current set
during the current writing period T11 from the D-TFT toward
the organic EL device LED, that is, a current 4 times as much
as the current to be supplied to the organic EL device LED, as
long as the D-TFT performs a saturation operation. Accord-
ingly, the source terminal voltage of the D-TFT becomes such
an anode terminal voltage that the current set during the
current writing period T11 flows through the organic EL
device LED. Then, the gate terminal voltage of the D-TFT
becomes a voltage obtained by adding the voltage difference
between the gate terminal and the source terminal, which is
set during the current writing period T1, to the anode terminal
voltage of the organic EL device LED. As a result, the organic
EL device LED emits light according to the supplied current.
[0110] Inaddition, there is provided a period T22 in which
the signal of the scanline SL is set to a [ level and the voltage
of the power supply line VS is set to GND (dark displaying
period). During the period T22, no current flows from the
D-TFT, so the organic EL device LED does not emit light.
[0111] Hereinafter, in the organic EL display, the above-
mentioned operations are repeated in each line, thereby dis-
playing images on the display.

[0112] Therefore, according to this example, the same
effects as those of Example 1 can be obtained. Further, in this
example, a dark displaying period is provided, and the LED
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driving period is set to ¥ of that of Example 1, and the current
flowing through the organic EL device LED is set to 4 times
as much as that of Example 1. As a result, the time average
luminance can be set to be substantially equal to that of
Example 1. On the other hand, the current supplied from the
datalinebecomes 4 times as much as that of Example 1, so the
current writing period can be shortened, and application to a
larger and higher-definition display is possible as compared
with Example 1.

Example 3
[0113] Next, Example 3 of the present invention will be
described.
[0114] A configuration of this example is illustrated in FIG.

4. A light emitting display device illustrated in FIG. 4 is an
organic EL display device (AM-type organic display) includ-
ing pixels each having an organic EL, device LED having a
cathode terminal connected (grounded) to a ground line
GND, and a drive circuit 101 for driving the organic EL
device LED.

[0115] In the organic EL device LED, an anode electrode,
an organic material light emitting layer, and a cathode elec-
trode are laminated in the stated order from the bottom.
[0116] The drive circuit 101 includes a first n-type TFT
(hereinafter, referred to as “L-TFT”), a second n-type TFT
(hereinafter, referred to as “D-TFT”), a third n-type TFT
(hereinafter, referred to as “TFT3”), a fourth n-type TFT
(hereinafter, referred to as “TFT4”), and a fifth n-type TFT
(hereinafter, referred to as “TFT5”). In addition, the drive
circuit 101 includes a sixth n-type TFT (which corresponds to
sixth thin film transistor; hereinafter, referred to as “TFT6”),
and a capacitor C. The L-TFT and the D-TFT are each formed
of an n-type TFT (n-type current mirror TFT) forming a
current mirror, and the TFT3, the TFT4, the TFT5, and the
TFT6 are each formed of an n-type TFT (n-type switching
TFT) forming a switching element (switch).

[0117] Inthedrivecircuit 101, there are arranged a data line
DL for supplying a current, which corresponds to display
gradation of a pixel, to the L-TFT, and a first scan line SLA
connected to each gate terminal of the TFT3, the TFT4, and
the TFTS. In addition, in the drive circuit 101, there are
provided lines such as a second scan line SLB connected to
the gate terminal of the TFT6, a power supply line VS, and the
ground line GND. The ground line GND corresponds to the
first line of the present invention, the data line DL corre-
sponds to the second line of the present invention, the power
supply line VS corresponds to the third line of the present
invention, and the first scan line SLA and the second scan line
SLB correspond to the fourth and fifth line of the present
invention, respectively.

[0118] The L-TFT has a source terminal connected to the
anode terminal of the organic EL device LED and a gate
terminal connected to one end of the capacitor C. The L-TFT
corresponds to the first thin film transistor forming a current
mirror circuit of the present invention.

[0119] The D-TFT has a source terminal connected to the
anode terminal of the organic EL device LED and a gate
terminal connected to one end of a capacitor C. The D-TFT
corresponds to the second thin film transistor forming a cur-
rent mirror circuit of the present invention.

[0120] TheTFT3 has source and drain terminals, one of the
source and drain terminals being connected to the anode
terminal of the organic ELL device LED, and the other of the
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source and drain terminals being connected (grounded) to the
ground line GND. The TFT3 corresponds to the first switch of
the present invention.

[0121] TheTFT4 has source and drain terminals, one of the
source and drain terminals being connected to the data line
DL, and the other of the source and drain terminals being
connected to the drain terminal of the L-TFT. The TFT4
corresponds to the second switch of the present invention.
[0122] TheTFT5 has source and drain terminals, one of the
source and drain terminals being connected to the drain ter-
minal of the L-TFT, and the other of the source and drain
terminals being connected to the gate terminal of the L-TFT.
The TFT5 corresponds to the third switch of the present
invention.

[0123] TheTFT6 has source and drain terminals, one of the
source and drain terminals being connected to the drain ter-
minal of the D-TFT, and the other of the source and drain
terminals being connected to the power supply line VS. The
TFT6 corresponds to the fourth switch of the present inven-
tion.

[0124] The capacitor C has one end connected to the gate
terminals of the L-TFT and the D-TFT and the other end
connected to the source terminals of the L-TFT and the
D-TFT. In addition, the other end of the capacitor C is con-
nected to the anode terminal of the organic EL. device LED.

[0125] Inthis case, the voltage of the power supply line VS
is set to the voltage VD at which the D-TFT operates in the
saturation region even in a case where the current written
during the current writing period to be described later is
caused to flow through the D-TFT and the organic EL device
LED.

[0126] Further, the current capability of the L-TFT is
assumed to be 4 times as large as that of the D-TFT, which can
be realized by setting the channel length of the L-TFT to be
equal to that of the D-TFT and by setting the channel width of
the L-TFT to be 4 times as long as that of the D-TFT.

[0127] Inaddition, the capacitance value of the capacitor C
is set to be 3 times or more as large as the total sum of the
parasitic capacitances such as the overlap capacitance regard-
ing the L-TFT and the D-TFT.

[0128] Next, referring to atiming chart illustrated in FIG. 5,
operations according to this example will be described.

[0129] First, during a period T11 in which a signal of the
scan line SLA is set to a H level, and a signal of the second
scan line SLB is set to a L level (current writing period), the
TFT3, the TFT4, and the TFT5 are turned on and the TFT6 is
turned off. During the period T11, the TFT3 is turned on, so
the voltage of the source terminals of the L-TFT and the
D-TFT and the voltage Vb of the anode terminal of the
organic EL device LED are at the same potential as that of the
voltage of the ground line GND. On the other hand, the TFT4
and the TFT5 are turned on, so the current which is 16 times
as much as the current to be supplied to the organic EL device
LED s supplied from the data line DL to the drain terminal of
the L-TFT. As a result, the voltage Va of the gate terminal is
set to such a voltage that the current 4 times as much as the
current to be supplied to the organic EL device LED flows
between the drain terminal and the source terminal of the
L-TFT. On the other hand, between the drain terminal and the
source terminal of the D-TFT, the TET6 is turned off, so a
current path between the power supply line VS is interrupted,
and thus no current flows. Further, the voltage of the anode
terminal of the organic EL device LED and the voltage of the
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ground line GND are at the same potential, so no current flows
through the organic EL device LED.

[0130] Next, there is provided a period T21 in which the
signal of the first scanline SLA is setto a L level and the signal
of the second scan line SLB is set to a H level (LED driving
period which corresponds to light emitting period). Note that
the period T21 is set to Y4 of the LED driving period T2 of
Example 1. During the period T21, the TFT3, the TFT4, the
TFTS5 are turned off, and the TFT6 is turned on. In addition,
through the capacitor C, the voltage difference between the
gate terminal and the source terminal of the D-TFT becomes
avoltage difference set during the current writing period T11.
In other words, as long as the D-TFT performs a saturation
operation, the D-TFT becomes a current source for supplying
the current set during the current writing period T11 from the
D-TFT toward the organic EL device LED, that is, the current
4 times as much as the current to be supplied to the organic EL
device LED. Accordingly, the source terminal voltage of the
D-TFT becomes such an anode terminal voltage that the
current set during the current writing period T11 flows
through the organic EL device LED. Then, the gate terminal
voltage of the D-TFT becomes a voltage obtained by adding
the voltage difference between the gate terminal and the
source terminal, which is set during the current writing period
T1, to the anode terminal voltage of the organic EL device
LED. As a result. the organic EL. device LED emits light
according to the supplied current.

[0131] In addition, there is provided a period T22 in which
the signal of the first scan line SLA is set to a L level and the
signal of the second scan line SLB is set to a L level (dark
displaying period). During the period T22, the TFT6 is turned
off, and the current path between the power supply line VS
and the drain terminal of the D-TFT is interrupted, so no
current flows from the D-TFT, so the organic EL device LED
does not emit light.

[0132] Hereinafter, in the organic EL display, the above-
mentioned operations are repeated in each line, thereby dis-
playing images on the display.

[0133] In this example, by adding the signal line SLB and
the TFTS$, it is possible to achieve the effects of Example 2
without varying the voltage supply VS.

[0134] It should be noted that in Examples 1 to 3, the
current capability ratio between the L-TFT and the D-TFT is
set to ‘4’, but the current capability ratio between the L-TFT
and the D-TFT can be set according to the current-luminance
characteristics of the organic EL. device LED and the load
capacitance of the data line DL.

[0135] Further, in Examples 2 and 3, the LED driving
period is set to %4 of the LED driving period of Example 1.
Although the LED driving period of Example 1 is shortened,
it is possible to obtain the same effects even though the
degrees of the effects somewhat vary.

[0136] Further, in Examples 1 to 3, the organic EL device
LED has the cathode terminal grounded, and all the TFTs are
formed of the n-type TFT (n-type thin film transistor). In a
case of constituting the organic EL device LED with only the
p-type TFT (p-type thin film transistor), the following con-
figuration may be adopted.

[0137] Theanode terminal of the organic EL device LED is
connected to the power supply line VS, and the source termi-
nals of p-type current mirror TFTs (first and second p-type
thin film transistors of L-TFT and D-TFT) are connected to
the cathode terminal of the organic EL device LED. A p-type
TFT (TFT3) is provided between the source terminals of the
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L-TFT and the D-TFT and the power supply line VS. A p-type
TFT (TFT4) is provided between the drain terminal of the
L-TFT and the line DL for supplying the current correspond-
ing to the gradation. A p-type TFT (TFT5) is provided
between the drain terminal and the gate terminal of the
L-TFT. The drain terminal of the D-TFT is connected to the
power supply line to which the voltage GND is applied.
Alternatively, the drain terminal of the D-TFT is connected to
the power supply to which the voltage GND can be applied
during the LED driving period and the voltage VS can be
applied during the other period. More alternatively, the drain
terminal of the D-TFT is connected to the power supply line
to which the voltage GND is applied through the p-type TFT
(TFT6). Then, the signals of the scan lines SL, SLA, and SLB
are inverted. Thus, the same configuration as in Examples 1 to
3 can be realized and the same effects can be obtained.
[0138] Further, by adding the scan line in Examples 1 to 3,
the TFTS is caused to operate from the ON state to the OFF
state earliest among the TFTs which fulfill a switching func-
tion at the end of the first period. As a result, noise caused in
association with operations of the other TFT's which fulfill the
switching operation can be suppressed, and drive can be
performed with high accuracy.

[0139] The present invention can be applied not only to a
light emitting display device using an organic EL device, but
also to a light emitting display device using a light emitting
device other than the organic ELL device, which emits light
with a supplied current, and to a typical current load device
using a current load which represents an arbitrary function by
a supplied current.

[0140] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
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.
[0141] This application claims the benefit of Japanese
Patent Application No. 2006-240257, filed Sep. 5, 2006,
which is hereby incorporated by reference herein in its
entirety.

1. A light emitting display device comprising a pixel hav-
ing a light emitting device and a drive circuit for driving the
light emitting device, the drive circuit comprising:

a first thin film transistor and a second thin film transistor
having the same polarity, a gate terminal of the first thin
film transistor being connected to a gate terminal of the
second thin film transistor, a source terminal of the first
thin film transistor being connected to a source terminal
of the second thin film transistor, and the source termi-
nals of the first thin film transistor and the second thin
film transistor being connected to one end of the light
emitting device;

a first switch having one end connected to the source ter-
minals of the first thin film transistor and the second thin
film transistor and to one end of the light emitting device
and having the other end connected to a first line; and

a capacitor having one end connected to the gate terminals
of the first thin film transistor and the second thin film
transistor and having the other end connected to the
source terminals of the first thin film transistor and the
second thin film transistor,

wherein the drive circuit has at least a first period for
writing a drive signal and a second period for driving the
light emitting device after the first period,
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wherein the first period contains a period in which the first
line and the one end of the light emitting device are set to
the same voltage through the first switch, and a second
line for supplying the drive signal of the light emitting
device is electrically connected to a drain terminal of the
first thin film transistor and the gate terminals of the first
thin film transistor and the second thin film transistor, to
supply a current to the first thin film transistor from the
second line, and

wherein the second period contains a period in which con-
nection between the second line and the first thin film
transistor, connection between the second line and the
second thin film transistor, and the first switch are shut
off.

2. A light emitting display device comprising a pixel hav-
ing a light emitting device and a drive circuit for driving the
light emitting device, the drive circuit comprising:

a first thin film transistor and a second thin film transistor
having the same polarity, a gate terminal of the first thin
film transistor being connected to a gate terminal of the
second thin film transistor, a source terminal of the first
thin film transistor being connected to a source terminal
of the second thin film transistor, and the source termi-
nals of the first thin film transistor and the second thin
film transistor being connected to one end of the light
emitting device;

a first switch having one end connected to the source tet-
minals of the first thin film transistor and the second thin
film transistor and to one end of the light emitting device
and having the other end connected to a first line; and

a capacitor having one end connected to the gate terminals
of the first thin film transistor and the second thin film
transistor and having the other end connected to the
source terminals of the first thin film transistor and the
second thin film transistor,

the drive circuithas at least a first period for writing a drive
signal and a second period for driving the light emitting
device after the first period,

wherein, during the first period, the first line and one end of
the light emitting device are set to the same voltage
through the first switch, and a current from a second line
for supplying the drive signal of the light emitting device
1s supplied to a drain terminal of the first thin film tran-
sistor and the gate terminals of the first thin film transis-
tor and the second thin film transistor to retain in the
capacitor a voltage between the gate terminal and the
source terminal of the second thin film transistor which
is determined based on a current flowing between the
drain terminal and the source terminal of the first thin
film transistor, and

wherein, during the second period, a current flowing
between the source terminal and the drain terminal of the
second thin film transistor is supplied to the light emit-
ting device according to a retaining voltage of the
capacitor.

3. A light emitting display device according to claim 2,

wherein the drive circuit further comprises:

a second switch having one end connected to the second
line and having the other end connected to the drain
terminal of the first thin film transistor; and

a third switch having one end connected to the drain ter-
minal ofthe first thin film transistor and having the other
end connected to the gate terminal of the first thin film
transistor; and
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wherein the current from the second line is supplied to the
drain terminal of the first thin film transistor and to the
gate terminals of the first thin film transistor and the
second thin film transistor through the second and third
switches.

4. A light emitting display device according to claim 1,
wherein a value obtained by dividing a channel width of the
first thin film transistor by a channel length thereof is equal to
or larger than a value obtained by dividing a channel width of
the second thin film transistor by a channel length thereof.

5. A light emitting display device according to claim 1,
wherein the drive circuit further comprises a fourth switch
between the third line and the drain terminal of the second
thin film transistor.

6. A light emitting display device according to claim 1,
wherein the capacitor has a capacitance value which is three
times or more as large as a total capacitance value obtained by
adding a channel capacitance and a gate and drain overlap
capacitance of the first thin film transistor and a channel
capacitance and a gate and drain overlap capacitance of the
second thin film transistor.

7. A light emitting display device according to claim 1,
wherein the first thin film transistor and the second thin film
transistor are each comprised of a p-type thin film transistor;
and wherein a cathode terminal of the light emitting device is
connected to the source terminals of the first p-type thin film
transistor and the second p-type thin film transistor.

8. A light emitting display device according to claim 1,
wherein the first thin film transistor and the second thin film
transistors are each comprised of an n-type thin film transis-
tor; and wherein an anode terminal of the light emitting
device is connected to the source terminals of the first thin
film transistor and the second thin film transistor.

9. A light emitting display device according to claim 8,
wherein the first switch, the second switch, the third switch,
and the fourth switch are respectively comprised of a third
thin film transistor, a fourth thin film transistor, a fifth thin
film transistor, and a sixth thin film transistor; and wherein the
third thin film transistor, the fourth thin film transistor, the
fifth thin film transistor, and the sixth thin film transistor have
the same polarity as that of the first thin film transistor and the
second thin film transistor.

10. A light emitting display device according to claim 9,
wherein the third thin film transistor, the fourth thin film
transistor, and the fifth thin film transistor, respectively cor-
responding to the first switch, the second switch, and the third
switch each have a gate terminal connected to a fourth line.

11. A light emitting display device according to claim 1,
wherein a voltage which is equal to or lower than a working
voltage of the light emitting device is applied to the first line.

12. A light emitting display device according to claim 1,
wherein the drive circuit further comprises a current breaker
which does not allow a current to flow between the source
terminal and the drain terminal of the second thin film tran-
sistor in a part of at least one of the first period and the second
period.

13. A light emitting display device according to claim 12,
wherein the current breaker sets a voltage at the drain terminal
of the second thin film transistor to the same potential as that
of a voltage of the first line.

14. A light emitting display device according to claim 12,
wherein the current breaker interrupts a current path of the
second thin film transistor with the fourth switch.
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15. A light emitting display device according to claim 1, mobility of 1 [em*/Vs] or more and an on/off ratio of 10° or
wherein the light emitting device is an organic EL device. more.
16. A light emitting display device according to claim 8, 17. A light emitting display device according to claim 1,

wherein the n-type thin film transistor of the drive circuit uses wherein a plurality of the pixels are arranged on a substrate in
an n-type semiconductor film made of an amorphous metal a matrix form.

oxide having a carrier density of 10*® [cm™] or less, as a

channel film of the n-type thin film transistor, and has a ok ok ok &
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