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(57) Abstract: A light emitting display device using a drive circuit formed of only unipolar thin film transistors, which suppresses
effects of characteristic shifts of transistors, and is applicable to large, high-resolution light emitting displays. The device includes a
pixel having an organic EL device (I.LED) and a drive circuit thereof. In a current writing period, the drive circuit sets TFT3, TFT4
and TFT5 ON and sets a ground line and one end of LED to the same voltage through TFT3. A current from a data line is supplied
to transistors L-TFT and D-TFT forming a current mirror circuit through TFT4 and TFTS, and a voltage between gate and source
terminals of L-TFT and D-TFT is retained in a capacitor. During a LED driving period, TFT3, TFT4 and TFT5 are interrupted, and
a current flowing between the source and drain of D-TFT is supplied to LED according to the retaining voltage.
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DESCRIPTION

ORGANIC LIGHT EMITTING DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a current load
device which achieves a function thereof aécording fo a
current tp be supplied, and more particularly, to a
light emitting display device using a light‘emiﬁting\
device as a current load.’ In particular, the present
iﬁvéntion felates to a light emitting display device
including a plurality of pixels formed in a matrix fofm;
each of which is comprised of an.organic electro-
luminescence (hereinafter, referred to as "EL") deviée
serving as a light emitting device, énd'a drive circuit

for supplying a current to the organic EL device.

BACKGROUND ART
An organic EL &evice is a'liéht emifting device

which emits 1light Qhéh a. current passes therethrough: as
in a light emittihg diode (LED), and is also called an
organic LED (OLED). For the light emitting display
device including a plurélity»of,pixels formed in a
métfix 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 studied.
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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,

5 reference symbol DL denbteé a data line, and reference
numeral SL denotés a scan line. FIG. 7 illustrateé a
configuration example of the AM-type organic EL display.
in which a plurality of pixelé is arranged in a matrix |
form (n colﬁmns x m rows). In FIG. 7, reference |

10 symbols SL1 to SLm each denote a scan line which is
arranged for each row of the first to m—th‘rows, and
reference stbols DLl 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

15 in FIG. 7 controls, for each pixel, voltages an(‘iv~
currents to be supplied from drive circuits 101 to the
organip_EL device LEDS through fhe data lines DL for
each column,; times, and the like, in response to
signals (H level or L level) of the scan lines SL for

20 each row. Through this control, luminance of the
organic EL device LED is adjuéted, and gradation
display thereof is performed.

In the AM—type organic EL display as described
above, in a case where the voltage-luminance V

25’ charaéteristic of the organic EL device changes over
time, the display quality is affected. This also

applies to a case where there is variation in
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charactefistics of a thin 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. Adcordingly, in order to achieve high-quality
display without unevenness, it is necessary to develop
é\drivé circuit and drive\method, which is hardly
affected by a temporal change of the charaéteristics of
the organic EL device or by the vafiation and change in

characteristics of the TFT.

" (Prior Art 1)

FIG. 8 illustrates a simplest drive circuit as a
first prior art. In FIG. 8, reference symbol LED
denotes an brganic EL device, reference numerai 101
denotes a drive.circuit, reference symbol DL denofes a
data ‘line, reference symbol SL denotés a scan line,
reference symbol VS denotes a pbwer supply liﬁe,
reference symbol GND dénotes a ground line, reference
symbol'D—TFT denotes a driving p-type TFT, and
reference symbbl C denotes a capacitor. An on/off
operation of a switch (switching element) SW1 is
controlled in response to the signal of the scan line
SL. |

In this prior art, the switch SWl is turned on in
response to -the signal of a séan 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
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circuit 101, through the switch SW1l, 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. 1In 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 islvariation in characteristics of the TFT,
the current supplied to the organic EL device LED
varies, whereby display unevenness appears. Invthe
prior art, somé drive circuits have been proposed in
order to solve the above—ﬁentioned pfoblem. In the
following deséription, prior art examples of those
drive ciréuits will be described.
(Priof Art 2)

FIG. 9 illuétrates a drive circuit disclosed in
U.S. Patent No. 6,373,454 as a second prior art. In
FIG. 9, reference symbol LED denotes an organic EL
dévice, reference numeral 101 denétes a drive circuit, -
referenée 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 grOuﬁd liné, reference symbol D-TFT -
denotes a driving p-type TFT, and reference symbol C

denotes a capacitor. An on/off operation of each of
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switches (switching‘elements) SW1l, SW2, and SW3 is
controlled in response to the signél of the scan lines
SL. |

"In this prior art, the switches SW1 aﬁd SW2 are
turned én 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 10l, in which a short
circuit between the gate terminél and the drain
terminal is formed through the switch SW2. As a result,
the voltage aﬁ 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, accérding to this prior art, it .is poséible
to cause a constant current to flow through the organic
EL device and perform display without unevenness
irrespective of the characteristic variation of the TET.
(Prior Art 3)
| EIG. 10 illustrates a drive circuit disclosed in
U.S. Patent No. 6,501;466 as a third prior art. 1In FIG.

10, reference symbol LED denotes an organic EL device,
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feference numeral 101 denotes a drive circuit,
reference symbol DL denotes a daté line, reference
symbol SL_denotes a scan line, reference symbol VS
denofes a power supply line, reference symbol GND~
denotes a ground line, reference symbols L-TFT and D-
TFf denqte a pair of p-type TFTs forming a current
mirrorvciréuit, and referencé symbol C denotes a
capacitor. An on/off operation of each of switches
(switching elements) SWl and~SW2 is controlled in
response to the signal of the scan line SL.

Acgording to this prior art, the switches SWl1l and
SW2 are turned on in response to the siénal of the scan
line SL, the gate terminal and the drain terminal of
one TFT (L-TFT) are short-circuited through thé switch

SW2, and a current is supplied from the outside (data

-line DL) through the switch SWl1. As a result, the

voltage at the gate terminal of the L-TFT can -be set as
a &oltage with which thevcurrent flowé from thé 6utside.
With this configuration, the other TFT (D-TFT) of the
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 eéch other and there is a small variation in
characteristics therebetween, sorthe current supplied
to-the organic EL device LED is determined based on the
current from the outside and the currentICapability

ratio between the L-TFT and the D-TFT. Accordingly, if
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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
variation in characteristics of the TFTS.

For the above-mentioned. circuit, a TFT having é
channel layer made of a polycrystal—Si (hereinafter,
referred to as "p-Si"), amorphous silicon (hereinafter,
referfed 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 pbwer consumption

because the a-Si and 0S the TFT have a lower mobility
than the p—Si TFT. Further, a TFT using a metal oxide
semiconductor such as ZnO 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

0S TFT.

It is difficult for~tﬁe TFT having the channel
layer made of a-Si, an 0S, or a metal oxide
semiconductor to be Qf a comblementary 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
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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 0S, the n-type

semiconductor and the p-type semiconductor that have é
high mobility are made of different materials, which
requires twice és 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.

Further, it is known that the TFT having the
channel layer made of a-Si, an 0S, 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 terminal.

In the above description, the a-Si TFT is used
for a pixel of an AM-type liquid crystal dispiéy
(hereinaftef, referred to as "LCD") 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 a diagonal 'size

-.0f 10 inches or larger, and technology development has

been ppomoted (see fourth prior art as illustrated in
FIG. 11 to be.described later).

On the other hand, the organic EL device
generally has a .configuration in which at ieast a light

emitting layer made of an organic material which is
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sandwiched between-an anode electrode and a cathode
electrode. The organic material is affected by heat,
elgctromagnetic wave, water, aﬁd the like, so
characteristics thereof are liable to be changed. For
this reason, for a light emitting dispiay devicé using
the organic EL device, it is desirable to use a
manufacturing process in which fhe light emitting layer
made of the organic material is formed after formation
of the drive circuit énd the anode electfode, and then
the cathode electrode is formed by vacuum deposition.or
the like which causés less damage.

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 formea of
an n—fype TFT, and an organic EL device having an anode
electrode, an organic ligh£~emitting layer, énd a
cathode electrode that are formed in the stated order
from the bottom. In this case, functions disclosed in

U.S. Patent No. 6,373,454 and U.S. Patent No. 6,501,466

. cannot be achieved only by replacing the p-type TFET

‘with the n-type TFT. This is because, in U.S. Patent

No. 6,373,454 and U.S. Patent N07 6,501,466, the source
terminal 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, thg

voltage difference between the gate terminal and the
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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
5 the drain terminal is fixed, which does notifunction as
a constant current source. Further, as described abcve,
the characteristic shift due to the applied voltage is
cauSed,,so‘it is necessary to suppress the influence of
the characteristic shift.
10 (Prior Art 4) .
.A fourth prior art is a prior art for solving the
- above-mentioned problem with the drive circuit using an
aQSi TFT. FIG. 11 illustrates a drive circuit .
discloéed in A. Nathan et al. (SID 05 DIGEST, p. 26,
15  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 symboi DL denotes a data line,
reference symbol SL denotes a scan line, reference
20 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 operation of each of switches
25 (switching elements) SW1 end SW 2 is controlled in
response to the signel of the scan'line SL.

In this prior art, the current mirror circuit
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disclosed in U.S. Patent No. 6,501,466 is applied.

According to this prior art, the switches SW1l 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_othér through the
switch SW2, and a current is.supplied from the outside
(data line DL) through the switch SW1l. 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 witﬁ which the current flows from the
outside. 1In 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
terminai voltage of the L—TFT.“By retaining the gate
terminal voltage in ﬁhe capacitor C, the D-TFT can
supply a current whiéh is the same as the curfent
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.

In addition, during the operation, the gate
terminals aﬁd 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-
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»

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‘chaiacteristic shift is

‘caused.

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 drganic EL device do not match with each other when
a chfrent 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 a result, it
is necessary that the current supplied to the L-TFT
from the outside is made smaller thén the current
supplied by the D-TFT to the organic EL device.:

On the other hand; in recent years, the current-

luminance characteristic of the organic EL device has
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been improved, and the current supplied to the organic
EL device has been lowered. In addition, thereAis-a

- demand for a larger and higher—definition organic EL
display, and a line load tends to be increased.

5 Therefore, in the prior arts particularly in a case of
~supplying a low current corresponding to low gradation
from the outside, a long time is neceséary for charging
the line load. In this case, it takes a long time to
perform an operation for setting the voltage at tﬂe_

10 'gate terminal of the TET provided within the drive
circuitrto 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

15 high-resolution and a large screen. In order to
overcome the difficulty, a unit for increésing the
current from the outside may be employed, but the unit
cannot be applied to the fourth prior art as described
above.

20
‘5ISCLOSURE OF THE INVENTION
It is an object of the present invention to-
provide a light emitting display device using a drive
circuit comprised of only unipolar thin film

25 transistors, which is capable of suppressing an effect

of characteristic sﬁifts of fhe thin film transistors

due to an applied voltage, and is capable of being
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applied to a large and high-resolution light'emitting
dispiay device. |

In order to attain the above-mentioned object,
accordihg to a first aspect of the present invention,

5 there is provided a light emitting display device
including a pixel having a light emitting devicé and a
drive‘circuit for driving the light emitting device.
The drive circuit inciudes a first thin film transistor,
a second thin film trahsistdr, a first switch, and a

10 capacitor;

A gate terminal of the first thin film transistor
is connected to a gate terminal of the second thin film
tranéistor, ahd a source terminal of the first thin
film transistor is connected to a source terminal of

15 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 second thin
film transistor have the same polarity. In addition,
the first switch has one end connected to the source

20 terminals of the first thin film trénsistor and the
second thin film transiétor and to one end of the light
emitting device and has thé other end connected to a
first line! Further, the capacitor has one end
dbnnected to the gate terminals of the first thin film

25 ﬁransistor and the second thin film transistor and has
the other end connected to the source terminals of fhe

first thin film transistor and the second. thin film
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transistor. A second line supplies a drive signal to
the light emitting device.

The-drive circuit has at least a first period for
writing the drive signal and a second period fof'
drivihg fhe light emitting device after the first
period.

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 electrically connected to the drain
terminal of the first‘thin film transistof 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.

The second period.contains a period in which.
connection between the seéond 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.

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 é drive circuit for driving the light emitting
device. The driﬁe circuit includes a first thin film
transistor, a second thin film transistor, a first

switch, and a capacitor.
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A gate terminal of the first thin film transistor
is connectéd to a géte terminal of the second thin film
transistor, and a source terminal of thé first thin
film transistor is connected 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 second thin
film ﬁransistor have the same pélarity. In addition,
fhe first switch has one end connected tb the source
terminals of the-firét 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
fifst line. Further, the capacitor has one end
connected to the gate termihals of the first thin fiim
transistor and the second thin film transistor and has
the dfheriend connected to the source terminals of the .

first thin film transistorvand the second thin film

" transistor. A second line supplies a drive signal to

the light emitting device.

- The drive circuit has at least a first period for
writing the drive signal and a second period for
driving the light émitting-device after the first
period. |

During the first period, the driving circuit sets
the first line and one end of fhe light emitting device
to the same voltage through fhe first éwitch and

supplies a current from the second line to the drain
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terminal of the first thin film transiétor and the gate
terminalé 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 determined based on a current flowing between
the drain terminal and the source terminal of the first
thin film transistor.

Fﬁrther, dufing tﬁe 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 accordingb
to the retaining voltage of the capacitor.

According to the present invention, each pixel
has a drive circuit including a current mirror circuit
formed of a pair of thin film transistors having the
same polarity. The pair ‘of thin film transistors have
a commén source terminal connected to one end of the
light emitting device and connected to the first line
through the first éwitch; and there is provided a
capacitor between the gate terminal and the source
terminal. With this-configuration, it is possible to
provide a light emitting display deﬁice 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 épplied voltage, and is capable



WO 2008/029717 PCT/JP2007/066953

10

15

20

25

18

of.being applied to a large and'high—resolution‘light
emitting display device. | |
Further features of the present invention will
become appérent from the following descfiption of
exemplary embodiments with reference to the attached

drawings..

BRiEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram for illustrating a
configuration -of a pixel of a light emitting display
device according to Example 1 df the present invention.

FIG. 2 is a timing chart illustrating an
operation of the lighf emitting display device
according to Example 1:-

FIG. 3 is a timing chart for illustrating an

operation of a light emitting display device according

‘to Example 2 of the present invention.

FIG. 4 is a circuit diagram for illustrating a
configuration of a pixel of a light emitting display
device accordihg to Example 3 of the present invention.

FIG. 5 is a ﬁiming chart for illustrating the
operation of the light emitting display device
aécordiﬁg to Example 3.

FIG. 6 i1s a diagram for illustrating'a
configuration of a pixel.

FIG. 7 is a diagram for illustrating a

configuration of an organic EL display device.
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FIG. 8 is a circuit diagram for illustrating a
configurétion of a pixel according to a first prior art
example.

FIG. 9 is a circuit diagram for illustrating a
configuration of a pixel accordiﬁg to a second priof
art example.

FIG. 10 is a circuit diagram for illustratihg a
configuration of a pixel according to a third prior art
example.

FIG. 11 is a circuit diagram for illustrating a

configuration of a pixel accbrding to a fourth prior

-art example.

BEST MODE FOR CARRYING OUT THE INVENTION

.Hereinafter, éxemplary embodiﬁents‘of the présent
invention will be described with reference to the |
drawings. |

In an embodiment of the.present invention, a

light emitting display device using an organic EL
device will be described, but the present invention cén
also be applied to a light emitting display device
other than the organic EL device, which emits light
with a supplied current, and to é éu;rent load device’
using a normal current load which indicates 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
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employ a p-type TFT, instead of the n-type TFT, with an
anode terminal of the organic EL device being replaced
with a éathode terminal.

The light emitting device accordihg to the
embodiment has a pixel which includes at leaét an
organic ELydevice whose ‘luminance is determined based
on a supplied.current, and a drive circuit for
sﬁpplying a constant current to the organic EL device.

The organic EL device is also called "OLED" as
described above and can‘afford a plénar self-emitting
light capable of emitting iight at high luminance. The
organic EL device enables light emission\ét low voltage
and with high efficiency by laminating organic layers
serving as a light emittiﬁg layef between an anode
electrode and a cathode electrode according to
functions thereof énd by increasing the ﬁumber,of
functional laminated layers of the organic layers. A
basic configuratidn of the organic EL device is such
that the organic EL device includes an EL light
emitting laYer comprised 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/cathode
electrode laminated structﬁre. In the light emitting
display dévice using the organic EL de&ice as the'light
emitting device, light émitting luminance 1is controiled

through injection of holes and electrons into the light
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emitting layer. It should be thed‘that the orgénic EL
device is a known matter, so a detailed description
thereof will be omitted.

A light emitting display device according to the
present invention will be described with feference fo
FiGS._l and-2. | |

The light emitting display device according to
the present invention has a pixel including a light
emitting device and a drive circuit 1017for driving the
light emitting device. Thé drive circuit 101 includes
a first'thin film tranéistor L-TFT, a‘secbnd thin film

transistor D-TFT, a first switch TFT3, a capacitor C,

,aﬁd a first line GND.

The first thin film trahsistor and the second
thin film transistorv(L—TFT and D-TFT) have gate
terminals connected to each other and source terminals
connécted to each othef, and the source terminals are
connected to one end (anode terminal) of the light
emitting device. 1In this case, the first'thin'fiim
transistor and the second thin film transistor (L—TFT
and D-TFT) have the same polarity.

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-
TET and.D—TFT) and one end (anode terminal) of .the
light emitting device and has the other end connected

to the first line GND.
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Further, the capacitor C has one end connected to
the gate terminals of the first thin film transistor
and the second thiﬁ film transistor (L-TFT and D-TFT)
and has the otﬁer énd connected to the source terminals
of ‘the first thin film transistor and the second thin

film transistor. A second line DL supplies a drive

'signal of the light emitting device.

Then, the drive circuit according to the present

invention has at least a first period (Tl 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. -

During the first period (Tl), the drive circuit
sets the firét line and one end (anode términal) of the
light emitting device to the same voltagé through the
first switch TFT3. 1In addition, du:ing the first
period (T1), the drive circuit electrically connects
the second line DL to the drain terminal of the first
thin film tranéistor and the gate terminals of the

first thin film transistor and the second thin film

" transistor to thereby supply aAcurrent from the second

_ line to the first thin film transistor. The first

period'(Tl) contains a period for performing the above-
mentioned operations.

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
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transistor and the second thin film transistor, a

- second switch TFT4 and a third switch TFTS may be used

" as illustrated in FIG. 1.

In other words, it is 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.

In addition, in th;s case, the drain terminal of
the third switch TFT5 may be directly connected to the
second line DL. |

The second period (T2) contains a period for
shutting off the connéction between the second line and
the'firsﬁ thin filﬁ transistor, connection between the
second line and the second thin film transistor, and
the first switch.

Through the operations during the above-mentioned
first period ahd second period, the drive circuit
performs the following operations.

During the first period (T1l), the drive circuit-

'sets the first line and one end of the light,emitting

device to the same voltage throuéh the first switch
TFT3. Further, the drive circuit 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
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transistor. As a résult, it‘is possible to retain, in
the capacitor C, the Voltage.between the gafe terminal
and the source terminal of the second thin film
transiétor) which is.determined based on the current
flowing between the drain terminal and the source
terminal of the first thin film transistor.

Further, during the second period (TZ2), 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, éccording
to a retaining voltage of the capacitor. In this case,
thé retaining &oltage of the capacitor corresponds\to é

potential difference between Va and Vb. In addition,

the current supplied to the light emitting device 1is

supplied from a power supply line VS.

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_thé value W/L of
the D-TFT, or the value W/L of the L-TFT is larger than
the v§lue 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-TET that form a current mirror circuit.

More desirably, in the light emitting display‘
device according to the embodiment, the capaciténce
Valﬁe of the capacitor is three times or more as iarge

as the total capacitance value obtained by adding the
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capacitance of the L-TFT and the channel capacitance
and the gate-drain overlap capacitance‘of the D-TFT.
As a result, it is possible to definerthe size of the
capacitancé; \ |
More desirably, in the light emitting display

device according to the embodiment, the voltage of the

Vfirst 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 devicé at the time of current writing.

More desirably, the light emitting display device
according to the embodiment includes a drive circuit
which does not allow current to flowAbetweep 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 a resﬁlt, it is possible
to interrupt the drive current flowing through the
organic EL device at the,time.of current writing.

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 thgvD-TFT, a.circuit whiqh
sets tﬁe-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
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EL device is interrupted by the change in the power
supply voltage that corresponds to the drain terminal
voltage of the D—TFT._ Alternatively; the light
emitting displéy device according to the embodiment
includes a fourth switch between the drain terminal of
the D-TFT andthe third line (or a power supply). The
fourth switchvincludes at least a drive circuit(
(current breaker) which conducts interruption, or
turning-off, during the pefiod in which at igast 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.
More desirably,vthe light emitting display device
accbrding to the embbdiment»includes a drive circuit
which provides a period ih 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 usiﬁg’the change in a power supply
voltage or.the fourth switch. As a result, it is
péssible to interrupt the drive current flowing to the
organic EL device durihg the third period. |
More desirably, in the light emitting display
device accordihg 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
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the same configuration 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 drdin 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.

More desirably, the light emitting display device
according to the émbodiment is characterized~ih 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 formingvthe
switches. |

More désifably, in the light emitting display
devicejacdording to fhe embodiment, the fourth switch
is formed of an n-type TFT (hereinafter, referred to as
"sixth n-type TFT") which has the same'confiéuration as’
the L-TFT, . the b—TFT, ahd the third to fifth n—typé
TFTs. In the sixth n-type TFT, one 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.

More desirably, in the light emitting display
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device according to the embodiment, the TFTs

constituting the drive circuit each have an n-type
sémiconductor film made of an amorphous metal oxide
having a carrier density of 1018 [cmﬁ] or lower, as an
n-type TFT channel film of the n-type TFT. The film
has a mobility of 1 [cmZ/Vs] or more, énd an on/off
ratio of 10° or more. As a result, as thé TFT forming
the drive‘circuit; the TFT using an oxide semiconductor
as a channel film can be used.

More desirably, in;fhe light emitting display
device'according to the embodiment, any one of the
above—mentioned drive circuits 1is employed as the drive
Circuit, and plural drive circuits are formed on the
substrate in a matrix form.

Accordihg to the drive circuit of the embodiment,

during the period in which a current is supplied from

the outside and é current which is caused to flow
through the pair of n-type TFTs (L-TFT and D-TFT) thch
form the current mirror circuit is set, no current
flows because the véltage between the cathode terminal
and the anode terminal'of the organic EL device becomes
equal to or lower than the working voltage. 1In
addition, the vpltage between-the gate terminal and the
source terminal at which the current supplied from the
outside flows is retained in the ﬁ—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
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region. In addition, the capacitance is sufficiently .
larger than the parasitic capacitance such as the
overlap capacitance, so it is poésible to ignore the
effect of the parasitic capacitance even when the
voltage at the source terminai, the drain términal, or ..
thé like is fluctuated.

Further, according to the embodiment, during the
period for supplying current to the organic EL device,.
the voltages at the drain tcrminal and the source
terminal of thé 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 of |
the.L—TFT and tne D-TFT are equal to each other.
Accordingly, it is possible to set a characteristic
change due to anvapplied voltage to bé equal between
the L-TFT and the D-TFT. ' |

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 tne 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_andvhigh—resoluticn displayi 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
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outsideiis large, no largé 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 suppreséed, and
there is no need to set the voltages necessary at the
time of purrent éetting to be higher. |

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 (L-TFT and D-TFT) is set, the current
flowing thfough the D—TFT can be stopped. 1In additipn,
if this function is used before and after the period in
which the current is éupplied to'the organic EL device,
thét is, the organic EL device emits.light, or only
before the period, or only after the‘period, it isl
possible to prpvide a period for stopping light
emission of the organic EL device without causing the
cﬁrrent to flowvthrough the D-TFT. When the period for
stopping the light emission is provided in this manner,
in order to achieve the éame time-average luminance as:
that of a case where the pefiod for stopping the light
emission is not provided, the current supplied tp the.
organic EL device is increased: Thig corresponds to
increasing the current supplied from the outside, and
thus, the present invention can also be applied to a
iarge and high-resolution display. In addition, by

providing the period for stopping the light emission, a
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- 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.

Further, accbrding to the embodiment, as the n-
type TFT, an n-type TFT using a semieonductor layef
made of an amorphous‘metal.oxide having a carrier
density of 1018 [cm%] or lower and a field effect
mobility of 1 [CHF/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-Si TFT or an OS TET, the light emitting display

device using the TFT, capable of being formed at room
temperature, with less power eonsumption can be
produced. In addition, the light emitting device has a
high mobility, so it is ppssible to achieve a high-
resolution and large screen. |

As described above, according to the embodiment,
in.the light emitting display device<using the orgénic
EL device, it is possible to provide a drive circuit
for the organic EL device in which an anode electrode,
an organic matefial 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 é drive circuit capable of |

suppressing the effect of the characteristic shift of
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the TFT caused by the applied voltage. 1In addition, it
is possible to provide a drive circuit capable of being
applied to a lérge and.ﬁigh—resdlution light emitting
diéplay‘device.

Hereinafter,'various examples of the light
emitting display devide using the organic EL device
will be described. However, the present inventioﬁ is
not limited\to the organic EL device, and can also be
appliéd to other current loads. Further, in the
following description, ah 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 additioﬁ, thé 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.
fExample'ii

First, Example 1 of the present inventibn will be
déscribed.

A configuration of this example is illustrated in
FIG. 1. The light emitting display device illuétrated
in-FIG. 1 is_an organic EL display device (AM-type
orgahic EL display). including 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.
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- The organic EL device LED.has an anoae electfode,
an organic material light emitting layer and a cathode
electrode, which are laminated in the stated order from
the bottom.
| The drive circuit 101 includes a first n-type TFT
(hereiﬁafter, referred to as "L-TFT"), a secona 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"), e
fifth n-type TFT (hereinafter, referred to as “TFTS");
and a capacitor C. The L-TFT and the D-TFT are each
formed of an ﬁ—type TFT forming a current mirror
circuit (n-type current mirror TFT); and the TFT3,. the
TFT4,_and the TFT5 are each formed of an n-type TFT
forming a switch (switching element)(e—type switching
TET) .

In the drive circuit 101,_there are arranged
lines such as a data line DL for sﬁpplying to the L-TFT
a current which eorresponds to display'gradation of a
pixel, a scan line SL connected to each gate terminal
of the TFT3, the TFT4, and the TFT5, a power supply
line VS, and a ground line GND. The ground line GND
correspoﬁds fo the first line of the present invention,
the data line DL corresponds to fhe second line of the
present invention, the power supply line VS corresponds

to the third line of the present invention, and the

scan line SL corresponds to the fourth line of the -



WO 2008/029717 PCT/JP2007/066953

10

15

20

25

34

present iﬁventidn, respectively.

| The L-TFT has a source terminal conneéted_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.

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

The TFT3 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 termiﬁals being connected
(grounded) to the ground line GND. The TFT3
corresponds to the_first switch of the present
invention. |

The TFT4 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.
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The TFT5 has source and drain terminals, one of
the source and drain terminals being connected to the
drain terminal of the L-TET, and the other of the
source and drain terminals being éonnected to the gate
terminal of the L-TFT. The TFT5 corresponds to the
third>switch of the present invention.

The capacitor C has ohe 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 capécitor C
is connected to the anode terminal of the organic EL
device LED. ‘. |

In this case, the voltage of the power éupply
line VS is set to a voltage VD at which the D-TFT
operates in'thé 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.

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 eqdal 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.

In addition, 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
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overlap capacitance regarding the L-TFT and the D-TFT.

Next, referring to a timing chart illustrated in
FIG. 2, operations according to this example will be
described.

First, dufing the period Tl in which a signal of
the scan line SL is .set to an H level (curfent writiné
period: first period), the TFTB, the TFT@, and the TFTS
are turned on. During the period T1, when the TFT3 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 LEﬁ are the same as
the voltage of the ground line GND through the TFT3.

On the other hand, when the TFT4 and the TFT5 ére
turned on, a currént which is 4 times as much as the
current to be supplied to the orgaﬁic EL device LED 1is
supplied 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 vbltage 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 Ferminal and the source
terminal of the D-TFT, 1/4 of the current from the dafa'
line DL, that is, the current to be supplied to fhe
organic EL device LED flows. On the othér hénd, the
voltage Vb at the anode terminal of the organic EL

device LED is at the same potential as that of the
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voltage of the ground line GND. @Accordingly, the
current flowing thfough the D-TFT does not flow through
the organic EL device LED, but entirely flows toward
the ground line GND through the TFT3.

Next, during the period T2 in which the signal of
the scan line SL is set to a L level (LED driving |
périod which cdrreéponds to light emitting periodf
second period), the TFT3, the TFT4,-and-the TEFTS are
turned off. During the period T2, through the
capacitor C, the voltage difference between the gate
terminal and the sburce terminal of the D-TFT becomes a
volﬁaée difference set during the current writing
period Tl. In other words, the D-TFT becomes a current
source for éupplying the current set during the current
writing period Tl from the D-TFT toward the organic EL
device LED, as long as the D-TFT performs a saturatiqn'
operation. Accordingly, the source terminal voltagé of
the D-TFT becomes such an'anode terminal.véltage that
the current set during the current writing périod Tl
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 Tl, 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.
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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 sog;be'terminal of the D-TFT.

Heréinafter, in the organic EL display, the
above-mentioned operations are repeated fqr each line,
thereby displaying images on the. display.

Therefore, according to this example, during the
current writing period for supplying a current from thé
data line to the L-TFT, tﬁe voltages at the cathode
terminal and the anode terminal of the organic EL
device LED become the same, so no current flows
therethrough."ln addition, the voltage between the
gate terminal and the source terminal at which the
currént 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 pafasitic capacitances such as the o&erlap
caéacitance regarding the L-TFT and the D-TFT.
Accordingly, it is possible to ignore the effect of the
parasitic capacitance even when the voltages of the
soufce terminal; the drain terminal, and the like are

fluqtuated.
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Further, according to this example, during the
LED driving.period, the voltage between the drain
terminal and the source terminai 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.

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.

Further, according td this example, during the
current writing period, no current is caused to flow
throuéh the organic EL device. Accordingly, as

described above, even when the current supplied from

the outside is large, no large current flows through
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the~organic EL device. 1In this case, it is possible to
suppress degradation of the orgénic EL device, and
there is no need to increase the voltage of the data
line in order to compensate the rise of thé anode

5 terminal voltage of the organic EL device.

In addition,»ac;ording to this éxample, as the L--
>TFT and the D-TFT, ah n-type TFT using a semic¢onductor
layer made of an amorphous metal oxide having a carrier
density of 10'® [cm™3] or lower and a field effect

10 . mobility of 1 [cmz/Vs] or moré as the channel layer is
used. As a result; aé compared with a case of |
constituting the'light'emitting device using an a-Si
TFT or an OS TFT, the light emitting display device
ﬁsing the TFT capable of being formed at room

15 temperature with less power consumption can be produced.
In addition, the light emitting device hés a high
mobility, so it is possible to realizé the high-
resolution’and large displays.

(Example 2) |

20 . Next, Example 2 of the present invention will be
described. A configuration of a light emitting display
device accoraing to this example‘is identical wifh that
of Example 1. Note that this example is characterized
in that the voltage of the power supply line VS is

25 varied. |

Hereinafter, referring to a timing chart

illustrated in FIG. 3, operations according to this
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‘example will be described.

First, in a ‘period T11l 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

5 potential és 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 .T1l1, when the TFT3 is turned on,.the
voltage of the source terminals of the L-TFT and the D-

10 TFT and the voltage Vb of the anode terminalvof the
organic EL device LED are at the same potential as that
of the voltage of the ground line GND thréugh the TFT3.
On the other hand, when the TFT4 and the TFT5 are
tufned on, a currgnt»which is 16 times as much as the
15 current to be supplied to the organic EL device LED is
suppliéd 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 Qoltage that :the current 16
times as much as the current to be supplied to tﬁe |
20 organic EL deyice LED flows between the drain terminal
and the source terminal of the L-TFT. On the other
hand, the voltage of the power éupply line VS is equal
td GND, so no current flows between the drainvterminal
and the source terminal of the D—TFT._ In addition, the
25 voltage Vb at thg 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
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organic EL device LED.
Then, there is provided a period T21 in which the
signal of the scan line SL is set to a L level and the
yvoltage of the power supply line VS is set to the
5 wvoltage VD (LED driving period which correspondé to
light emitting period).  Note that the period T21 is
set to 1/4 of the LED driving period T2 of Example 1.
During the period T21, the TFT3, the TFT4, and the TFT5
are turned off. 1In addition, through the capacitor ¢,
10 "~ the voltage differencé between the gate terminal and |
the sburce 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
15 peridd Tll from the D-TET 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 operatioﬁ. Accordingly,
the source terminal voltage of the D-TFT becomes such |
20 an anode terminal voltagevthat the current set during
the current writing period T11l 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
25 source terminal, which is set during the current
writing period Tl; to the anode terminal voltage of -the

organic EL device LED. As a result, the organic EL
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device LED emits light according to tﬁe supplied
cufrent. —

In addition, there is proVided a period T22 in
which the signal of the scan line SL is set to a L

5 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.

Hereinafter, in the organic EL display, ﬁhe

10 above-mentioned operations are repeated in each line,
thereby dieplaying images on the displey.

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,

15 and the LED d%iving period is set to 1/4 of that of
Example 1, and the current floWing through the organic
EL device LED is set to 4 times as mueh as that of
Example 1. As a result, the time average luminance can
be set to be substantially equal to that of Example 1.

20 On fhe other hand, the current supplied from the data
line becomes 4 times as much as that of‘Example 1, so
the current writing period can be shortened, and
application to a largef ahd higher-definition display
is possible as compared with Example'l.

25 (Example é)

Next, Example 3 of the present invention will'be

described.
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A configuration of this example is illustrated in
FIG._4. A light emitting display device illustrated in
FIG. 4 is an organig EL display device (AM-type organic
display) including 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 driv}ng the organic EL device LED. .

In the organic EL device LED, an ancde electrode,
an organic material light emitting layer, and a cathode

electrode are laminated in the stated order from the

bottom. -

The drive circuit 101 includes a first n-type TFT
(hereinafter, referred to as "L4TFT"), a second h—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 elemenf (switch).
In the drive circuit 101, there are arranged a

data line DL for supplying a current, which corresponds
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to display gradatioﬁ»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 TFT5. 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. Thé ground line GND correspondsvto 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 corresponds to the third line of the ‘
presenﬁ invention, and thg first scan line SLA and the
second scan line SLB correspond to the fourth.and fifth
line of\the present invention, respectively.

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.

The.D—TFT has a source terminal connected to the
anode terminal of the organic EL devi;e LED and a gate

terminal connected to one end of a capacitor C. The D-

TET corresponds to the second thin film transistor

forming a current mirror circuit of the present
invention.
The TFT3 has source and drain terminals, one of

the source and drain terminals being connected to the
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anode terminal- of the organic,EL devide‘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.

The TFT4 has source and drain terminals, one of
thé source and drain terminals being connected to the
data line DL, and the cher of the,soﬁrce and drain
termihals being connected to the drain terminal of the
L-TFT. The TFT4 corresponds‘to the second switch of
the present invention.

The TFTS has source and drain terminals, one of

the source and drain terminals being connected to the

drain terminal of the L-TFT, and the other of the

~source and drain terminals being connected to the gate

terminal’of the L-TFT. The TFTS corfesponds‘to the
third switch of the present invention.

The TET6 has source and drain terminals, one of
the source and drain términals‘being connected to the
drain terminal of the D—TFT, and the other of the
source and drain términals being connected to the power
supply line VS. The TFT6 corresponds fo the fourth
switch of the present invention. |

The capacitor C has one end connected to the gate

rterminals of the L-TFT and the D-TFT and the other end

kconnected to the source terminals of the L-TFT and the

D-TFT. In addition, the other end of the capacitor C
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is connected to the anode terminal of the organic EL
device LED.
In this 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.

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 chahnel 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-TET.

In addition, the capacitance value of the
capacitor C is set to be 3 timeé or more as large as
the total sum of the parasitic capacitances éuch as the
overlap capacitance regarding the L—TFT-and the D-TFT.

Next, referring to a timing chart illustrated in
FIG. 5, operations according to this example will be
described.

First, during a period Tll in which a signal of
the scan line SLA 1is sét to a H level, and a signal of
the second scan line SLB is’set to a L level (current
writing perioa), the TFT3, the fFT4, and the TFTS are
turned on and the TFT6 is turned off. During the

period T1l1l, the TFT3 1is turned on, so the voltage of
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thé source terminals Qf‘the L-TFT and the D-TFT and the
voltage Vb of the anode terminal of the organic EL
dévice LED are at the same potéﬁtial as‘that of the
voltage of the ground line GND; On the other hand, the
TFT4 and the TFTS5 are turned on, so the 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
reéult, the voltage Va Qf 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 de&ice 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 TFT6 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
terminai of the organic EL device LED and the voltage
of the ground line GND are at the same potential, so no
current flows through the organic EL device LED.

Next, there is provided a period T21 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
H level (LED driving period which correspdnds to light
emitting period). Note that the period T21 is set to
1/4 of the LED driving period T2 of Example 1. During

the period T21, the TFT3, the TFT4, the TFTS5 are turned
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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 a voltage difference set during the current

writing period T1l. 1In other words, as long as the D-
TFT performs a saturation operation, the D-TFT becomes
a currént:source for supplying the current set during
the current writinglperiod-Tll_from the D-TFT toward

ﬁhe 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

T1l1l 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 T1l, 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.

In addition, there.is provided a period T22 in
which the signal of the first scan line SLA is set to a
L ievel 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 sdpply line VS and the drain
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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.

Hereinafter, in the organic EL display, the
above;mentioned operations are repeated in each iine,
tﬁereby displaying images on the display. 7

In fhis example, by adding the signal line SLB
and the TFT6, it is possible to achieve the effecﬁs of
Example 2 without varying the voltage supply VS. |

It should bevnoted that in Examples 1-to 3, the
current capability ratio betweeﬁ the L-TFT and the D-
TFT is set to '4', but the current capability rétio
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.

Further, in Examples 2. and 3, the LED driving
period is set to 1/4 of the LED driving period of
Example 1. Althoﬁgh 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-.

Further, in Examples 1 to 3,'the organié EL
device LED has the cathode terminal grounded, aﬁd all
the TFTs are formed of the n-type TFT (n-type thin film
transistor). In a case of constifuting the organic EL
device LED with only the p-type TFT (p-type thin film

transistor), the following configuration may be adopted.
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The anode terminal 5f the organic EL device LED
is connected to the power supply.liné_VS, and.the
source terminals 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.l A p-type TFT (TFT3) is provided
between éhe source terminals of the 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 corresponding to
the gradation.. A p—type TFT (TFTS) 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 sdpply to which the voltage GND

can be applied during the LED driving period and the

voltage VS can be applied during the othef period.
More alternatively, the drain terminal of the D-TFT is
connected to thé power supply line to which the voltage
GND is applied- through ﬁhé p-type TFT (TFT6)  Then,
the signals of the scan lines SIL, SLA, and SLB are-
iﬁvertéd.' Thus, the sahe configuration as in Examplés
1 to 3 can be realized aﬁd the same effects can be
obtained..

Further, by adding the scan line in Examples 1 to

3, the TETS5 is caused to operate from the ON state to
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the OFF state earliest amongbthe TFTs which fulfill a
switching function at the end of the first period. As
a result, noise caused in association with dperations
of the other TFTs which fulfill the switching operation
can be suppressed, and drive can be pefformed‘with high
accuracy.

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 EL

device, which emits light with a supplied current, and
to é typicél current load devi;e using a current ioad
which represents an arbitrary function by é supplied
current.

While the preéent in&ention has been described
with reference to exemplary embodiments, it is to be
understood that the invention is not limited to tﬁe
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
ihterpretation‘so as ﬁo encompass all such
modificétions and equivalent structures and functions.

This application claims the benefit of Japanese
Patent Application No. 2006-240257, filed September 5,
2006, which is hereby incorporated by reference herein

in its entirety.
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CLAIMS
1. A light emitting display device comprising a
pixel having a light emitting device and a drive
circuit for driving the light emitting device, the .
5 drive circuitvcomprising:.

a first thin film transistor and a second thin
film transistor having Fhe same polarity, a gateA
terminal of the.first‘thin film transistor being
connected to a gate terminal of the second thin film

10 transistor, a source te;mi@al of the first thin fiim
transistor.being connected to a source terminal 'of the
second thin film transistor, and the sourcé terminals
of the first thin film transistor and the second thin
film transistor being connected to one end of the light

15 emitting devicef |

a first switch having 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 having the other end
20° connected to a first line; and

a capacitor having one end connected to the gate
‘terminals of the first thin film transistor and the
secoﬁd thin film transistor and having the other end
connected to the sourée terminals of the first thin

25 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



WO 2008/029717 PCT/JP2007/066953

10

15

20

25

54

for driving the light emitting device after the first
period,

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 éwitch, and a sécond line,for'supplying the drive
signal of the light emitting device is electrically
connecfed to a drain terminal of the first thin film
transistof and the gate'terminals of the first thin
film transistor and the second thin film transistof, to
éupply a current to the first thin film transistor from
the second line,‘and |

wherein the second period contains a period in
which 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
switéh are’ shut off.

2. A light emitting display device'comprising>a.
pixel having 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
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second thin film transistor, and the source terminals
of the first thin film transistor and the second thin
film transistor‘being connected to one end of the light‘.
emitting device;

a_fifst switch having one end connected to the
source terminals of thé first thin film transistor and
the second thin film transistor and to one end of the
ligﬁt emitting device and having the other end
connected to a first line; and

a capacitor having one end connected to the gaté
terminais of the first thin film transistor and the
second thin film transistor and haviﬁg‘the,other end
connected to- the source terminals of the first thiﬁ
film transistor and the second thin film transistor,

the drive circuit hés 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 lightremitting‘device are set to the
same voltagé_through the first switch, and a current
from a éecond~line for supplying the dri&e signal of
the light emitting device is‘supplied to a drain
terminal of the first fhin film transistor and the gate
terminals of the first thin film transistor 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
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determined based on a current flowing between the drain
terminal and the source terminal of the first thin film
transistor, and

wherein,bduring the second period, a current
flowing between the source terminal and the drain
termihal_of the second thin film transisto; is supplied
to the light emitting 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 haviﬁg one end éonnected to the
second line and having thé other end connected to the
drain terminal of the first thin film transistor; and

a third switch having one end connected to the
drain terminal of the first thin film transistor and
having the other end connected to the gate terminal of
the first thin film transistor; and
_ 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 accérding 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 laréer than a value

obtained by dividing a channel width of the second thin
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film_trénsistor by a channel'length thereof.

5. A light emitting display device according to
claim 1, wherein the drive cigcuit further comprises a
fourtﬁ switch befween 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 capacifor has a capacitance value
which is ﬁhree‘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 éhannel
capacitance and a gate and drain overlap capacitance of
the second thin film transistor.

7. A light emitting display-devicé aécording to
claim 1, whereiﬂ 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 traﬁsistor and the
second thin film transistors are each comprised of ah
n-type thin film transistor; and wherein an anode
terminal of the liéht emitting device is connected to
the source terminals of the first thin film transistor

and the second thin film transistor.
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9. A light eﬁitting display device according to
claim 8, wherein the first swiﬁch, the second switch,
the third switch, and the fourth switch are
respectively comprised of a third thin film transistor,
a fourth ﬁhin 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 tranéistor, 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, respecti&ély corresponding'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 deviqe according to
claim 1, wherein a veoltage 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 compriseé a
current breaker which does not allow a'current to flow
between the source terﬁinal and the drain terminal of
the second thin film transistor in a part of at least

one of the first period and the second period.
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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 pétential asvthat of a voltage of the first
line.

14. A light emitting display device according to
claim 12, wherein the current bréaker interrupts a
current path of the second thin film transistor with
the fourth switch.

15. A light emitting display device according to
claim 1, wherein the light emitting device is an
organic EL device.

16. A light emitting display device according to.
claim 8, wherein the n-type thin film transistor of the
drive circuit uses an n-type semiconductor film made of

an amorphous metal oxide having a carrier density of

‘10m [cm%] or less, as a channel film of the n-type

thin film transistor, and has a mobility of 1 [cr?/Vs]
or more and an on/off ratio of 10° or more.

17. A light emitting display device according to
claim 1, wherein a pluralify of the pixels are arranged

on a substrate in a matrix form.
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