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(57) Abstract: A light-emitting display device which suppresses the influence of characteristic variations of a driving transistor and

& a characteristic shift caused by electrical stress is disclosed. The device includes multiple pixels including an organic EL element

8/

(OLED) which emits light at a luminance determined based on the supplied current and a drive circuit for supplying current to the

& OLED based on a control voltage from a data line. The drive circuit includes a driving transistor (D-TFT) for the OLED, a capacitor
& element, and multiple switch elements. D-TFT has a source terminal connected with an anode terminal of OLED. The capacitor

and switch elements operate so that, when current is supplied from the drive circuit to the OLED, a voltage difference between the
gate and source terminals of the D-TFT is a sum of the threshold voltage of the driving transistor and a voltage determined from the
g voltage of the drain terminal of the driving transistor and the control voltage during a current setting period.
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DESCRIPTION

LIGHT-EMITTING DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a light-emitting
display device, and particularly, to a light-emitting
display device using an organic light-emitting diode
(hereinafter, referred to as OLED) element as a light-
emitting element. More particularly, the present
invention relates to a light—emitting display device in
which pixels each including the OLED element and a
drive circuit for supplying a current thereto are

arranged in matrix.

BACKGROUND ART

Up to now, an active matrix (hereinafter,
referred to as AM) OLED display has been studied as a
light-emitting display device in which pixels each
including an OLED element and a drive circuit are
arranged in matrix. This example is illustrated in
FIGS. 8 and 9.

FIGS. 8 and 9 illustrate an internal structure of
a pixel of the AM OLED display and a pixel arrangement
thereof, fespectively. As illustrated in FIG. 8, a
pixel 10 includes an OLED and a drive circuit 11 having
an activé element connected with an anode terminal

thereof. The drive circuit 11 is connected with a data
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line DL and a scanning line SL. This example in the
figure illustrates the case where one scanning line SL
is provided. As illustrated in FIG. 9, multiple pixels,
each of which is the pixel lb including the OLED and

5 the drive circuit 11, are arranged in matrix (m rows x
n columns) and connected with first to m—th scanning
lines SL1 to SLm and. first to nth data lines DL1 to DLn.

According to the AM OLED display having the

structure as described above, a voltage, a current, or

10 the like which is supplied to an OLED element is
controlled by an active element of a drive circuit
based on a voltage or current signal applied to the.
drive circuit of a pixel through a data line.
Therefore, the luminance of the OLED element is

15 adjusted for gradation display. A thin film transistor
(TFT) is normally used as the active element which is a
constituent element of the drive circuit.

In the AM OLED display, there is a problem of a

temporal change in voltage-luminance characteristic of

20 " the OLED element. Also, there are problems in that
variations in characteristics of the TFTs and changes
in characteristics of the TFT due to electrical stress
occur. In the case where the characteristics change or
vary as described above, even when the same signal is

25 applied to the drive circuit from the data line, the
luminance of the OLED element changes. Therefore,

display unevenness, a bright point, a dark point, or
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the like appears. Thus, in order to realize high-
quality displays, it is necessary to develop a drive
circuit and a driving method which aré resistant to the
temporal change in characteristic of the OLED element
and the variations and changes in .characteristics of
the TFT. |

In order to solve the problems of the drive
circuit, conventional techniques have been proposed in
US Patent No. 6373454 and US Patent No. 6501466.

According to US Patent No. 6373454, a current
corresponding to light-emitting luminance of an OLED
element is supplied from the outside of a pixel to a
driver (p-type) TFT for supplying a current to the OLED
element to hold a voltage between a gate terminal and a
source terminal between which the curfent flows. Then,
the current determined based on fhe held voltage
between the gate terminal and the source terminal is
supplied to the OLED element through the TFT, so the
OLED element emits light. 1In this exémple, the voltage
between the gate terminal and the source terminal
between which the current corresponding to light-
emitting luminance flows is held and the TFT acts as a
constant current source. Therefore, even when the
characteristics of the driving TFT vary, the current
supplied to the OLED element does not vary.

According to US Patent No. 6501466, one of two

TFTs forming a current mirror structure is a driver (p-
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type) TFT for supplying a current to an OLED element
and the other thereof is a load (p-type) TFT to which a
current corresponding to light-emitting luminance of
the OLED element is supplied from the outside of a
pixel. The current is supplied from the outside of the
pixel to hold a voltage between a gate terminal and a
source terminal which corresponds to the current
flowing into the load TFT. Then, the current
determined based on the held voltage between the gate
terminal and the source terminal is supplied from the
driving TFT to the OLED element, so the OLED element
emits light. Even when the characteristics of the TFTs
vary depending on positions, the driving TFT and the
load TFT are located close to each other and exhibit
the same characteristic, so the current supplied to the
OLED element does not vary as in the case of US Patent
No. 6373454.

A semiconductor such as polycrystal silicon
(hereinafter, referred to as p-Si), amorphous silicon
(hereinafter, referred to as a-Si), an organic
semiconductor (hereinafter, referred to as 0S), or a
metai oxide semiconductor has been studied as a
material for a channel layer of the TFT.

A p-Si TFT has high mobility, so an operating
voltage thereof can be reduced. However, because of
crystal grain boundary, variations in characteristics

are more likely to increase and a manufacturing cost
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becomes larger. On the other hand, an a-Si or 0S TFT
has lower mobility than the p-Si TFT, so the operating
voltage is high and thus power consumption is lérge.
However, the number of manufacturing steps is small, so
the manufacturing cost can be suppressed. In recent
years, a TFT using a metal oxide semiconductor such as
zinc oxide (ZnO) for a channel layer has been under
development and it has been reported that the TFT may
have higher mobility and lower cost than those of the
a-Si and 0OS TFTs.

Unlike the p-Si TFT, it is difficult to use the
a-Si, 0S8, or metal oxide semiconductor TFT for a
complementary TFT in which an n-type TFT and a p-type
TFT are formed on the same substrate. For example, in
the case of a-Si or metal oxide, a high-mobility p-type
semiconductor is not obtained, so it is difficult to
form the p-type TFT. In the case of 0S, because a
high-mobility n-type semiconductor material is
different from a high-mobility p-type semiconductor
material, the number of steps is doubled, so low-cost’
manufacturing is difficult to achieve. Therefore, it
is necessary to use only the n-type or p-type TFT for
the drive circuit using the TFTs.

In the TFT whose channel layer is made of one of
a-Si, 0S, and metal oxide, a current-voltage
characteristic thereof is changed by the application of

a voltage for a long time, so it is necessary to
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compensate for the change by any method.

On the other hand, the OLED element normally has
a structure in which at least a light-emitting layer
made of an organié'material is sandwiched between an
anode electrode and a cathode electrode. It is more
likely to change characteristics of the organic
material by the influence of heat, an electromagnetic
wave, or moisture. Therefore, a manufacturing process
for forming the organic material light-emitting layer
after the formation of the drive circuit and the anode
electrode and then forming the cathode electrode by
vacuum vapor deposition with less damage is preferably
used for a light-emitting display device using the OLED
element.

Then, assume that a pixel of the AM OLED display
includés the drive circuit having the n-type TFT and
the OLED element having the anode electrode, the
organic light-emitting layer, and the cathode electrode
which are formed in the stated order from the lower
side. In such a case, the display cannot be realized
by only replacing the p-type TFT of the drive circuit
described in US Patent No. 6373454 or 6501466 with the
n-type TFT. This is because, when the p-type TFT is
replaced with the n-type TFT in US Patent No. 6373454
or US Patent No. 6501466, a voltage between the gate
terminal and a drain terminal is fixed, so the TFT doe

not act as the constant current source. Therefore, it
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is necessary to employAa drive circuit structure
different from that in US Patent No. 6373454 or US
Patent No. 6501466.
A drive circuit proposed in FIG. 2 of Japanese
5 .Patent Application Laid-open No. 2004-093777 includes
"only n-type TFTs. This is a technique for suppressing
the influence of variations in characteristics and the
influence of changes in characteristics. The drive
circuit includes a capacitor provided between a gate
10 terminal and a source terminal of an n-type TFT
(driving TFT) for driving an OLED element. For a
period in which a current for‘driving the OLED element
isvset, a gate,te;minal and a drain terminal of a TFT
are electrically connected with each other to cut off a
15 path to the OLED element and supply a current from the
outside.” At this time, a voltage between the gate
terminal and a source terminal corresponds to a voltage
(set voltage) when the current supplied from the
outside flows. For a period in which the OLED element
20 is driven, the n-type TFT acts as a constant current
source for supplying the current to the OLED element
based on the set voltage.
| In recént years, a current-luminance
characteriétic of the OLED element has been improved to
25 reduce a current supplied to the OLED element. A
large-size and high-definition OLED display is required,

so it tends to increase a line load. Therefore, when a
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low current corresponding to low gradation is supplied
from the outside in Japanese Patent Application Laid-
open No. 2004-093777, a time for charging the line load
becomes longer. Thus, it is difficult to apply the
drive circuit described in Japanese Patent Application
Laid-open No. 2004-093777 to a high-definition and
large-screen display device.

For example, assume that a capacitance and a
resistance of the line load of a large-screen display
device are 40 pF and 5 kQ (time constant is 0.2 psec.),
respectively, and a variation in voltage which is
required to set the current supplied from the outside
is 3 V. In this case, the amount of charge to be
stored is 120 pC. When the line load is to be charged
with a current of 10 nA corresponding to low gradation,
a time of 12 msec. is required. When scanning lines
(1250) of a high-definition television are to be driven
at 60 Hz, a selection period per scanning line is 13
usec., so charging is impossible.

A means for solving the above-mentioned problems
is proposed in FIG. 1 of Japanese Patent Application
Laid-open No. 2004-093777. According to the drive
circuit, a charging current can be increased up to
approximately ten times larger. In such a case, the
charging period can be shortened from 12 msec. to 1.2
msec. However, it is insufficient to use the drive

circuit for the high-definition television.
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Another means for solving the above-mentioned
problems is a drive circuit illustrated in FIG. 1 of
Japanese Patent Application Laid-open No. 2005-189379.
The drive circuit has a function of correcting a
threshold voltage of a driving TFT. In the circuit, a
current for driving an OLED element is set based on a
voltage from the outside. A setting period is mainly
determined based on a charging period of a line load.
The time constant of the line load is 0.2 usec.
Therefore, when a period during which 99.8% charging is
completed is assumed as the setting period, the period
becomes 1.2 psec which is six times the time constant.
Therefore, when this conventional technique is used, a
high-definition television can be driven.

However, in this circuit, a voltage applied
between a gate terminal and a soufce terminal of the
driving TFT is determined based on a divided voltage
obtained by two capacitors provided in the drive
circuit. Therefore, in order to realize high-precision
driving, 1t is necessary to provide two capacitors in a
pixel to realize a precise capacitance ratio between
the capacitors.

Another drive circuit for solving the above-
mentioned problems is proposed in J. H. Jung et al.,
SID 05 DIGEST 49.1, FIG. 1. In this circuit, as in the
circuit described in Japanese Patent Application Laid-

open No. 2005-189379, the current for driving the OLED
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element is set based on the voltage from the outside,
so the setting period can be shortened. In this
ciréuit, the voltage applied to the gate terminal of
the driving TFT is determined by only one of the
capacitors and the other of the capacitors is used for
only storage, with the result that a variation in ratio
between the capacitors does not become a problem.
However, in the circuit, the voltage between the
gate terminal and the source terminal of the driving
TFT is not fixed. The driving TFT operates not as the
constant current source but as a soﬁrce follower for
applying a voltage to the source terminal. A voltage
obtained by correcting threshold'voltages of the
driving TFT and the OLED element is applied to the gate
terminal of the driving TFT. Therefore, only when a
change in voltage-current characteristic of the OLED
element is shifted in parallel relative to the applied

voltage, this correction is established.

DISCLOSURE OF THE INVENTION

An object of the present invention is to solve
the problems which cannot be solved by the conventional
techniques.

That is, an object of the present invention is to
provide a light—emitting display device which
suppresses the influence of variations and/or changes

in characteristics of a driving transistor and the
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influence of a characteristic shift caused by
electrical stress and includes a drive circuit for
controlling a current supplied to a light-emitting
element.

5 Another object of the present invention is to
provide a drive circuit which includes a single
capacitor and has less variation factors.

AccordingAto the present invention, there is
provided a light-emitting display device, including
10 multiple pixels each including: a light-emitting
element which has an anode terminal and a cathode
terminal and emits light at a luminance determined
based on a current to be supplied; and a drive circuit
for supplying the current to the light-emitting element
15 based on a control voltage supplied from a data line.
The drive circuit includes: a driving transistor having
a gate terminal, a source termihal, and a drain
terminal, for driving the light-emitting element; a
capacitor element; and multiple switch elements. The
20 source terminal of the driving transistor is connected
with the anode terminal of the light-emitting element
directly or through'the switch elements. When the
drive circuit supplies the cufrent to the light-
emitting element, one end of the capacitor element is
25 connected with the gate terminal of the driving
transiétor directly or through the switch elements and

the other end of the capacitor element is connected
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with the source terminal of the driving transistor
directly or through the switch elements. Further, the
capacitor element aﬁd the multiple switch elements set
a voltage difference between the gate terminal and the
source terminal of the driving transistor equal to a
sum of a threshold voltage of the driving transistor
and a voltage determined based on a voltage of the
drain terminal of the driving transistor during a
current setting period and the control voltage supplied
from the data line.

According to the present invention, one end of
the capacitor element may be connected with the gate
terminal of the driving transistor, and the multiple
switch elements may include a first switch element for
electrically connecting or disconnecting the gate
terminal and the source terminal of the driving
transistor, a second switch element for electrically
connecting or disconnecting the source terminal of the
driving transistor and the other end of the capacitor
element, and a third switch element for electrically
connecting or disconnecting thé other end of the
capacitor element and a data line to which a voltage
signal for controlling a magnitude of the current
supplied to the light-emitting element is applied from
an outside of a pixel.

Further, one end of the capacitor element may be

connected with the source terminal of the driving
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transistor, and the multiple switch elements may
include: a first switch whose one end is connected with
the gate terminal of the driving transistor and the
other end is connected with the drain terminal of the
5 driving transistor; a second switch whose one end is
connected with the gate terminal of the driving
transistor and the other end is connected with the
other end of the capacitor element; and a third switch
whose one end is connected with the above other end of
10 the capacitor element and the other end is connected
with a data line to which a voltage corresponding to
graduation is applied.
According to the present invention, the drive
circuit provided in the pixel of the light-emitting
15 display device can set the current supplied to the
light-emitting device without depending on the
threshold &oltage of the driving transistor.
According to the present invention, the number of
capacitor elements included in the drive circuit is one.
20 When the capacitance value of the capacitor element is
sufficiently larger than the total parasitic
capacitance of other elements of the drive circuit, the
current supplied to the light-emitting element does not
depend on the capacitor element.
25 According to the present invention, when current
is to be supplied to the light-emitting element, both

ends of the capacitor element are respectively
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connected with the gate terminal and the source
terminal of the driving transistor. Therefore, the

driving transistor operates as a constant current

‘source in a saturation region without depending on

characteristics of the light-emitting element.

According to the present invention, the current
supplied to the light-emitting element is set based on
the voltage, so the present invention can be applied to
a large—gize and high-definition light-emitting display
device whose line load is large.

-According to the present invention, a structure
can be employed in which the drive circuit includes
ohly n-type TFTs, the anode of the light-emitting
element is provided. on the drive circuit side, and an
anode electrode, a light-emitting layer, and a cathode
electrode are layered in the stated order from the
lower side.

According to the present invention, an n-type TFT
whose channel layer is a metal oxide semiconductor
layer having a carrier density equal to or smaller than
10 (cm™@), a field effect mobility equal to or larger
than 1 (cm?/Vs), and an on/off ratio equal to or larger
than 10° is used as the n-type TFT. Therefore, as
compafed with the case of a structure using the a-Si or
OS TFT, it is possible to produce a light-emitting
display device using a TFT which has low power

consumption and can be formed at room temperature.
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Because of high mobility, a necessary TFT size is small,
so high definition can be realized.

According to the present invention, the n-type
TFT whose channel layer is an amorphous metal oxide
seﬁiconductor layer is used. Therefore, because of the
amorphous layer, it is possible to produce a TFT whose
flatness is high and'variations in characteristics are
small.

Further features of the present invention will
become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating a
structure of a light-emitting display device according
to abfirst embodiment.

FIG. 2 is an explanatory timing chart
illustrating an operation in the first embodiment.

FIG. 3 is an explanatory timing chart
illustrating an operation in a second embodiment.

FIG. 4 is a circuit diagram illustrating a
structure of a light-emitting display device according
to a third embodiment. |

- FIG. 5 is an explanatory timing chart
illustrating an operation in the third embodiment.

FIG. 6 is a circuit diagram illustrating a
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structure of a light-emitting display device according
to a fourth embodiment.
FIG. 7 is aﬁ explanatory timing chart
illustrating an operation in the fourth embodiment.
FIG. 8 illustrates a structure of a pixel.

FIG. 9 illustrates a structure of an OLED display
device in the case where one scanning line is provided.
FIG. 10 is a circuit diagram illustrating a
structure of a light-emitting display device according

to a fifth embodiment.

FIG. 11 is an explanatory timing chart
illustrating an operation in the fifth embodiment.

FIG. 12 is another explanatory timing chart
illustrating the operation in the fifth embodiment.

FIG. 13 is a timing chart in a six embodiment.

FIG. 14 is a circuit diagram illustrating an
explanatory structure for an operation of a light-
emitting display device according to a seventh
embodiment.

FIG. 15 is an expianatory timing chart
illustrating the opefation in the seventh embodiment.

FIG. 16 is a circuit diagram illustrating a
structure of a light-emitting display device according
to an eighth embodiment.

FIG. 17 is an explanatory timing chart

illustrating an operation in the eighth embodiment.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, exemplary embodiments of the light
emitting display device of the present invention will
be described with reference to the drawings.

In one embodiment of the present invention, a
light emitting display device using an OLED element
will be described, but the present invéntion can also
be applied to a light emitting display device other

than the OLED element, which emits light with a

supplied current, and to a current load device using a

normal current load, which shows an arbitrary function,
with a supplied current.

In addition, this embodiment is described by n-
type TFTs. Alternativeiy, as described later, it is
possible to be composed of p-type TFTs, instead of the
n-type TFTs, in the same manner with an anode terminal

of the OLED element being replaced with a cathode

- terminal.

According to the TFT used in this embodiment, a
threshold voltage of the parameters indicating TFT
characteristics varies or a threshold Voltage shift
appears as a TFT characteristic shift caused by
electrical stress. Assume that a variation in mobility
or a shift thereof is within a range of specifications
of a required current load device.

The threshold voltage in this embodiment ideally

corresponds to a minimum gate-source terminal voltage
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at which a current can flow between a drain terminal
and a source terminal. In an actual TFT element, a
current flows between the drain terminal and the source
terminal even when a voltage is equal to or smaller
than the threshold voltage. However, when the voltage
is equal to or smaller than the threshold voltage, the
current rapidly reduces with a reduction in voltage.

In an actual circuit, the threshold voltage is
not necessarily a constant value in view of elements

and materials and is determined based on a relationship

between a connected terminal and an applied voltage.

Specific examples in this embodiment are as
follows.

1) When the source terminal is opened, the gate
terminal and the drain terminal are connected with each
other, and a voltage V is applied, a voltage is charged
to the source terminal rather than the drain terminal.
After a lapse of a predetermined period, a voltage
difference V-V1 (V>V1l) between a gate-drain terminal
voltage V and a source terminal voltage V1 is the
threshold wvoltage.

2) In contrast to this, when a voltage V is
applied to the source terminal, the gate terminal and
the drain terminal are connected with each other, and a
voltage sufficiently higher than the voltage V is
applied followed by being opened, the voltage of the

drain terminal is discharged to the source terminal.
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After a lapse of a predetermined period, a voltage
difference V2-V (V2>V) between a gate-drain terminal
voltage V2 and a source terminal voltage V is the
threshold voltage.

Hereinafter, exemplary embodiments of the light-
emitting display device using an OLED element will be
described. As described above, the present invention
is not limited to the OLED element and can be applied
to other current-drive type light-emitting elements or
current loads. An n-type TFT, whose channel layer is
made of an amorphous metal oxide semiconductor having a
carrier density equal to or smaller than 10*® (cm™3), is
used as TFTs included in a drive circuit. The n-type
TFT has a field effect mobility equal to or larger than
1 (cm?/Vs) and an on/off ratio equal to or larger than
10°. The present invention is not limited to this and
can be applied to an a-Si TFT and an OS TFT. The
present invention can be also applied to a structure
using only the n-type TFT whose channel layer is made
of another semiconductor material. In the following
description, a pixel arrangement of the light-emitting
device is similar to the pixel arrangement illustrated
in FIG. 9 described above except that not one but
multiple scanning lines are arranged. Therefore, the
detailed description is omitted and a structure of a
pixel and an operation thereof will be mainly described.

(First Embodiment)
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FIG. 1 illustrates a pixel structure of a light-
emitting display device using an OLED element
(hereinafter, referred to as OLEb display) according to
a first embodiment of the present invention.

The OLED display according to this embodiment has
each pixel 10 which includes an OLED element whose
cathode terminal is connected (grounded) with a GND
(ground)'line {hereinafter, referred to as GND) and a
drive circuit 11 connected with an anode terminal of
the OLED.

The OLED has a structure in which a light-
emitting layer made of an organic material is
sandwiched between the anode terminal and the cathode
terminal and emits light at a luminance corresponding
to a current supplied from the drive'circuit 11. The
current supplied from the drive circuit 11 to the OLED
is determined based on a control voltage from a data
line.

The drive circuit 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal, for driving the OLED, a capacitor
element C whose one end is connected with a gate
terminal of a D-TFT, and multiple switch elements.

The driving transistor is comprised of an n-type
thin film transistor (hereinafter, referred to as D-
TFT). The drain terminal of the D-TFT is connected

with a power supply line VS and the gate terminal
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thereof is connected with one end of the capacitor
element C. The source terminal of the D-TFT is |
connected with the anode terminal of the OLED through
the switch elements. The source terminal of the D-TET
may be directly connected with the anode terminal of
the OLED.

When the drive circuit 11 supplies the current to
the OLED, the capacitor element C and the multiple
switch elements compose a booster section for
increasing a gate termina} voltage of the D-TFT to a
voltage obtained by summing up a voltage for supplying
the current to the OLED,.a threshold voltage of the D-
TFT, and a source terminal voltége of the D-TFT.

The multiple switch elements include first to
fifth switch elements.

The first switch element is comprised of an n-

"type TFT (hereinafter, referred to as TFT1l). One of

the source and drain terminals of the TFT1 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the gate terminal of the D-TFT.

The second switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT2). One of
the source and drain terminals of the TFT2 ié connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected

with the other end (end which is not connected with the



WO 2008/075697 PCT/JP2007/074365
22

gate terminal of the D-TFT) of the capacitor element C.

The third switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected

5 with a date line DL and the other of the source and
drain terminals thereof is connected with the other end
(end which is not connected with the gate terminal of
the D-TFT) of the capacitor element C. The data line
DL has such a structure that a control voltage which is

10 a voltage corresponding to gradation can be applied
thereto.

The fourth switch element is comprised of an n-
type TET (hereinafter, referred to as TFT4). One of
the source and drain terminals of the TFT4 is connected

15 with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with a reference voltage line Vr for supplying a
reference voltage Vref.

The fifth switch element is comprised of an n-

20 type TFT (hereinafter, referred to as TFT5). One of
the source and drain terminals of the TFT5 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the anode terminal of the OLED.

25 The OLED display further includes, in addition to
the GND and a reference voltage line Vr, a data line DL,

first to third scanning lines SL1 to SL3, and a power
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supply line VS. The data line DL is connected with one
of the source terminal and the drain terminal of the
TFT3 to supply a control voltage VD for controlling the
current supplied from the D-TFT to the OLED. The first
scanning line SL1 is connected with the gate terminal
of the TFT1 and the gate terminal of the TFT3 to supply
a voltage signal SV1 thereto. The second scanning line
SL2 is connected with the gate terminal of the TFT2 and
the gate terminal of the TFTS5 to supply a voltage
signal SV2 thereto. The third scanning line SL3 is
connected with the gate terminal of the TFT4 to supply
a voltage signal SV3 thereto. The power supply line VS
is used to supply one of voltages VSl and VS2
(corresponds to a unit for changing a voltage of the
powerlsupply line VS).

When the threshold voltage of the D-TFT is
expressed as Vt, the voltages VSl and VS2 of the power
supply line VS satisfy "VS1>VS2" and "Vref-Vt>VS2".
When the current is to be supplied to the OLED, the
voltage VS1 is set to such a voltage that the D-TFT
operates in a saturation region. A capacitance value
of the capacitor element C is set to a value equal to
or larger than three times a sum of parasitic
capacitances including an overlap capacitance with
respect to the D-TFT.

FIG. 2 is a timing chart illustrating an

operation in this embodiment and the operation will be
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described below.

The voltage signal SV1 of the first scanning line
SL1 is set to an H (High) level. The voltage signal
SV2 of the second scanning line SL2 is set to an L

5 (Low) level. The wvoltage signal SV3 of the third

scanning line SL3 is set to the H (High) level. The
voltage VS2 is set for the power supply line VS. For
this period (hereinafter, referred to as reset period),
the TFT1 and the TFT3 are in an on-state (ON), the TFT2

10 and TFT5 are in an off-state (OFF), and the TFT4 is in
the on-state (ON). For this period, each of the gate
terminal voltage and the source terminal voltage of the
D-TFT is equal td the reference voltage Vref of the
reference voltage line Vr. The drain terminal voltage

15 is equal to the voltage VS2 of the power supply line VS.
Further, a voltage of the other end (end which is not
connected with the gate terminal of the D-TFT) of the
capacitor element C is equal to the control voltage VD
of the data line DL.

20 Subsequently, the voltage signal SV1 of the first
scanning line SL1 is set to the H level. The voltage
signal SV2 of the second scanning line SL2 is set to
the L level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. The voltage

25 VS2 is set for the power supply line VS. For this
period (hereghafter, referred to as voltage writing

period), the TFT1 and the TFT3 are turned ON, the TFT2
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and TFT5 are turned OFF, and the TFT4 is turned OFF.
For this period, each of the gate terminal voltage and
the source terminal voltage of the D-TFT is equal to a-
sum "VS2+Vt" of the voltage VS2 of the power supply
line VS and the threshold voltage Vt of the D-TFT. The
drain terminal voltage is equal to the voltage VS2 of
the power supply line VS. Further, a voltage of the
other end (end which is not connected with the gate
terminal of the D-TFT) of the capacitor element‘C is
equal to the control voltage VD of the data line DL.
As a result, a voltage difference "VS2+Vt-VD" is held
between both ends of the capacitor element C.

In this embodiment, assume that the reset period
and the voltage-writing period are combined, and a
period for which the TFT1 and the TFT3 are turned ON
and the TFT2 and TFTS are turned OFF is a current
setting period.

After that, the voltage signal SV1 of the first
scanning line SL1 is set to the L level. The voltage
signal SV2 of the second scanning line SL2 is set to
the H level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. The voltage
VSl is set for the power supply line VS. For this
period (hereinafter, referred to as light-emitting
period), the TFT1 and the TFT3 are turned OFF, the TFT2
and TEFT5 are turned ON, and the TFT4 is turned OFF.

For this period, even when the source terminal voltage
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of the D-TFET varies, a voltage difference between the
gate terminal and the source terminal of the D-TFT is
held to "VS2+Vt-VD" by a charge pump effect.

In other words, in this embodiment, a voltage
determined based on the voltage (VS2) of the drain
terminal of the driving transistor and the control
voltage (VD) supplied from the data line during the
current setting period is equal to a voltage (VS2-VD)
obtained by subtracting the control voltage (VD)
supplied from the data line from the voltage (VS2) of
the drain terminal of the driving transistor during the
current setting period.

Therefore, a voltage difference (Vg-Vs) between
the gate terminal and the source terminal of the
driving transistor is equal to a voltage obtained by
summing up the threshold Voltage.(Vt) of the driving
transistor and the voltage determined based on the
voltage of the drain terminal of the driving transistor
during the current eetting period and the control
voltage supplied from the data line, that is, "Vg-
Vs=VS2+Vt-VD". Note that Vg indicates the gate
terminal voltage of the D-TFT and Vs indicates the
source terminal voltage of the D-TFT.

When light is to be emitted from the OLED,
voltages are set such that "VS2-VD>0" end "VS2-VD<VS1"
are satisfied, the voltage VSl of the power supply line

VS is sufficiently high, and the D-TFT operates in the
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saturation region, because the threshold voltage of the
D-TFT is Vt.

-At this time, a current ID expressed by the
following expression is supplied from the D-TFT to the
OLED.

ID=0.5xBx (Vg-Vs-Vt)?=0.5xpx (VS2-VD) 2

Note that B denotes a parameter indicating the
current capability of the D-TFT, which depends on the
mobility, gate capacitance, and size of the D-TFT.
Therefore, the current ID can bé controlled based on
the control voltage VD of the data line DL. The OLED
emits light at a luminance corresponding to the
supplied current ID based on the Curfent—luminance
characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixels 10 belonging to the same row at the same
time and successively performed for all rows to display
a screen image. A display period of a screen image is
called a frame. The frame is repeated every 1/60
seconds to change display, thereby displaying an image.

Therefore, according to this embodiment, as is
apparent from the equation of the current ID, the ID is
independent of the threshold voltage Vt of the D-TFT.

As a result, even when the threshold voltage Vt varies

.or is changed by electrical stress, the current

supplied to the OLED remains unchanged and the D-TFT
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operates as the constant current source. Thus, high-
quality display without unevenness can be performed.

In this embodiment, the number of capacitors used
in the drive circuit is only one and thus there is no
problem of the precision of the capacitance ratio.

In this embodiment, the current ID is controlled
based on the voltage, so high-speed operation can be
realized. Therefore, the present invention can be
applied to a large-size and high-definition light-
emitting display device whose load is large.

In this embodiment, although the drive circuit
includes only the n-type TFTs, the anode of the OLED
can be providéd on the drive circuit side.

In this embodiment, any of a positive voltage and
a negative voltage can be set as the control vdltage VD
of the data line DL.

In this embodiment, the n-type TFT whose channel
layer is a metal oxide semiconductor layer having a
carrier density equal to or smaller than 10'® (cm™) and
a field effect mobility equal to or larger than 1
(cm?/Vs) can be used as the n-type TFT. As compared
with the case of a structure using the a-Si or 0OS TFT,
when the n-type TFT whose channel layer is the metal
oxide semiconductor layer is used, it is possible to
produce a light-emitting display device using a TFT

which has low power consumption and can be formed at

room temperature. Further, because of high mobility, a
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necessary TFT size is small, so high definition can be
realized.

In this embodiment, the n-type TFT whose channel
layer is the amorphous metal oxide semiconductor layer
is used. Therefore, because of the amorphous layer, it
is possible to produce a TFT whose flatness is high and
variations in characteristics are small.

In this embodiment, a period for which the OLED
does not emit light can be set within the light-
emitting period by a means of, for example, turning off
the TFT5 or changing the voltage of the power supply
line VS to a voltage in the case where the current is
not supplied from the D-TFT to the OLED. When such a
period is set, the quality of moving picture display to
the human eye can be enhanced. |

The first scanning line SL1 is divided into two,
a scanning line SL1-1 connected with the gate terminal
of the TFT1 and a scanning line SLl—é connected with
the gate terminal of the TFT3 are provided thereto. A
voltage signal SV1-1 of the scanning line SL1-1 is
changed from the H level to the L level earlier than a
voltage signal SV1-2 of the scanning line SL1-2.
Therefore, when the current setting period of the TFT1
is changed to the light-emitting period, the change
from the ON-state of the TFT1 to the OFF-state thereof
is performed earlier than the change from the OFF-state

of each of the TFT2 and the TFT5 to the ON-state-
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thereof and the change from the ON-state of the TFT3 to
the off-state thereof. 1In this case, the Voltagé held
by the capacitor element C is resistant to the
influence of an error factor such as a noise which is
caused by the operation of other TFTs, so higher-
precision operation can be realized.

(Second Embodiment)

A pixel structure of a light-emitting display
device using an OLED element according to a second
embodiment of the present invention is éimilar to the .
pixel arrangement of the first embodiment. Note that,
in this embodiment, the voltage VS2 of the power supply
line VS is a constant value. When the threshold
voltage of the D-TFT is expressed as Vt, "Vref-vt>VS2"
is satisfied. 1In other words, a highest voltage other
than the voltage signals SV1, SV2, and SV3 of the first,
second, and third scanning lines SL1, SL2, and SL3 is
the reference voltage Vref of the reference voltage
line Vr. The voltage VS2 of the power supply line VS
is set to such a voltage that the D-TFT operates in the
saturation region when the current is supplied ts the
OLED. |

FIG. 3 is a timing chart illustrating an
operation in this embodiment. The operation in this
embodiment is similar to the operation in this first
embodiment except that the voltage VS2 of the power

supply line VS is the constant value as described above.
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In this embodiment, the same effect as the first
embodiment is obtained. The unit for changing the
voltage of the power supply line VS is unnecessary, So
the structure of the light-emitting display device
using the OLED element is simplified.

{(Third Embodiment)

FIG. 4 illustrates a pixel structure of a light-
emitting display device using an OLED element according
to a third embodiment of the present invention. The
description of the same constituent elements as the
first embodiment is simplified or omitted.

The OLED display according to this embodiment has
each pixel 10 which includes an OLED element whose
cathode terminal is connected (grbunded) with a GND
{(ground) line (hereinafter,'referred to as GND) and a
drive circuit 11 connected with an anode terminal of
the OLED. |

The drive circuif 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal,. for driQing the OLED, a capacifor
element C whose one end is connected with a gate
terminal of a D-TFT, and multiple switch elements.

The driving transistor is comprised of an n-type
TFT (hereinafter, referred to as D-TFT). The drain
terminal of the D-TFT is connected with a power supply
line VS and the gate terminal thereof is connected with

one end of the capacitor element C.
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The multiple switch elements include first to
fifth switch elements.

The first switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT1). One of
the_soufce and drain terminals of the TFT1 is connected
with the sourée terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the gate terminal of the D-TFT.

The second switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT2). One of
the source and drain terminals of the TFT2 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the other end (end which is not connected with the
gate terminal of the D—TFT) of the capacitor element C.

The third switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected
with a data line DL and the other of the source and
drain ferminals thereof is connected with the other end
(end which is not connected with the gate terminal of
the D-TFT) of the capacitor element C.

The fourth switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT4). One of
the source and drain terminals of the TFT4 is connected
with the source terminal of the D-TFT and the other of

the source and drain terminals thereof i1s connected



WO 2008/075697 PCT/JP2007/074365

5

10

15

20

25

33

with a drain terminal of the D-TFT.

The fifth switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT5). One of
the source and drain terminals of the TFT5 is connected
with the source terminal of the D-TFT and-the other of
the source and drain terminals thereof is connected
with the anode terminal of the OLED.

The OLED display further includes the GND, a data
line DL, first to third scanning lines SL1 to SL3, and
a power supply line VS. The data line DL is connected
with one of the source terminal and the drain terminal
of the TFT3 to supply a control voltage VD for
controlling the current supplied from the D-TFT to the
OLED. The first scanning line SL1 is connected with
the gate terminal of the TFT1 and the gate terminal of
the TFT3 to supply a vgltage signal SV1 thereto. The
second scanning line SL2 is connected with the gate
terminal of the TFT2 and the gate terminal of the TFT5
to supply a voltage signal SV2 thereto. The third
scanning line SL3 is connected with the gate terminal
of the TFT4 to supply a voltage signal SV3 thereto.

The power supply line VS is used to supply one of
voltages VS1 and VS2.

When the threshold voltage of the D-TFT is
expressed as Vt, the voltages VS1 and VS2 of the power
supply line VS satisfy "VS1-vt>VS2". Further, when the

current is to be supplied to the OLED, the voltage VSl
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is set to such a voltage that the D-TFT operates in a
saturation region. A capacitance value of the
capacitor element C is set to a value equal to or
larger than three times a sum of parasitic capacitances
including an overlap capacitance with respect to the D-
TET.

FIG. 5 1s a timing chart illustrating an
operation in this embodiment and the operation will be
described below.

The voltage signal SVl of the first scanning line
SL1 is set to an H level. The voltage signal SV2 of
the second scanning line SL2 is set to an L level. The
voltage signal SV3 of the third scanning line SL3 is
set to the H level. The voltage VSl is set for the
power supply line VS. For this period (hereinafter,
referred to as reset period), the TFT1 and the TFT3 are
in an on-state (ON), the TFT2 and TFT5 are in an off-
state (OFF), and the TFT4 is in the on-state (ON). For
this period, each of the gate terminal voltage, the
source terminal voltage, and the drain terminal voltage
of the D-TFT is equal to the voltage VSl of the power
supply line VS. Further, a voltage of the other end
(end which is not connected with the gate terminal of
the D-TFT) of the capacitor element C is equal to the
control voltage VD of the data line DL.

Subsequently, the voltage signal SV1 of the first

scanning line SL1 is set to the H level. The voltage
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signal SV2 of the second scanning line SL2 is set to
the L level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. The voltage
VS2 is set for the power supply line VS. For this
period (hereinafter, referred to as voltage writing
period), the TFT1 and the TFT3 are turned ON, the TFT2
and TFT5 are turned OFF, and the TFT4 is turned OFF.
For this period, each of the gate terminal voltage and
the source terminal voltage of the D-TFT is equal to a
sum "VS2+Vt" of the voltage VS2 of the power supply
line VS and the threshold voltage Vt of the D-TFT. The
drain terminal voltage is equal to the voltage VS2 of
the power supply line VS. Further, a voltage of the
other end (end which is not connected with the gate
terminal of the D-TFT) of the capacitor element C is
equal to the control voltage VD of the data line DL.
As a result, a voltage difference "VS2+Vt-VD" is held
between both ends of the capacitor element C.
In this embodiment, assume thét the reset period

and the voltage writing period are combined, and a
period for which the TFT1 and the TFT3 are turned ON
and the TFT2 and TFT5 are turned OFF is a current
setting period.

| After that, the voltage signal SV1 of the first
scanning line SL1 is set to the L level. The voltage
signal SV2 of the second scanning line SL2 is set to

the H level. The voltage signal SV3 of the third



WO 2008/075697 PCT/JP2007/074365

10

15

20

25

36

scanning line SL3 is set to the L level. The voltage
VSl is set for the power supply line VS. For this
period (hereinafter, referred to as light—emitting
period), the'TFTl and the TFT3 are turned OFF, the TFT2
and TFT5 are turned ON, and the TFT4 is turned OFF.

For this period, even when the source terminal voltage
of the D-TFT varies, a voltage difference between the
gate terminal and the source terminal of the D-TFT is
held to "VS2+Vt-VD" by a charge pump effect.

In other words, in this embodiment, a voltage,
which determined based on the voltage (VS2) of the
drain terminal of the driving transistor and the
control voltage (VD) supplied from the déta'line during
the current setting period, ié equal to a voltage "VS2-
vD".

Therefore, a voltage difference (Vg-Vs) between
thé gate terminal and the source terminal of the
driving transistor is equal to a voltage obtained by
summing up the threshold voltage (Vt) of the driving
transistor and the voltage determined based on the
voltage of the drain terminal of the driving transistor
during the current setting period and the control
voltage supplied from the data line, that is, "Vg-

Vs=VS82+Vt-VD". Note that Vg indicates the gate

_terminal voltage of the D-TFT and Vs indicates the

source terminal voltage of the D-TEFT.

Voltages are set such that "VS2-VD>0" and "VS2-
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VD<VS1" are satisfied, the voltage VSl of the power
supply line VS is sufficiently high, and the D-TFT
opérates in the saturation region, because the
threshold voltage of the D-TFT is Vt.

5 At this time, a current ID expressed by the
following expression is supplied from the D-TFT to the
OLED.

ID=0.5xBx (Vg-Vs~Vt)?=0.5xBx (VS2-VD)?

Note that P denotes a parameter indicating the current
10 capability, which depends on the mobility of the D-TFT,

gate capacitance, and size of the D-TFT. Theréfore,

the current ID can be controlled based on the control

voltage VD of the data line DL. The OLED emits light

at a luminance corresponding to the supplied current ID
15 based on the current-luminance characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixels belonging to the same row at the same time
and successively performed for all rows to display a

20 screen image. A display period of a screen image is
called a frame. The frame is repeated every 1/60
seconds to change display, fhereby displaying an image.

In this embodiment, the same effect as described
in the first embodiment is obtained. The reference

25 voltage line Vr is unnecessary, so the structure is
simplified.

(Fourth Embodiment)
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FIG. 6 illustrates a pixel structure of a light-
emitting display device using an OLED element according
to a fourth embodiment of the present invention. The
description of the same constituent elements as the
first embodiment is simplified or omitted.

The OLED display according to this embodiment has
each pixel 10 which includes an OLED element whose
cathode terminal is conhected (grounded) with a GND.
(ground) line (hereinafter, referred to as GND) and a
drive circuit 11 connected with an anode terminal of
the OLED. |

The drive circuit 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal, for driving the OLED, a capacitor
element C whose one end is connected with a gate
terminal of a D-TFT, and multiple switch elements.

The driving transistor includes an n-type TFT
(hereinafter, referred to as D-TFT). The drain
terminal of the D-TFT is connected with a power supply
line VS and the gate terminal thereof is connected wi£h
one end of the capacitor element C.

The multiple switch elements include first to
fourth switch elements.

The first switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT1l). One of
the source and drain terminals of the TFT1 is connected

with the source terminal of the D-TFT and the other of
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the source and drain terminals thereof is connected
with the gate terminal of the D-TFT.

The second switch element is comprised of an n-
type TFT (hereinafter, referred to as TFTZ). One of
the source and drain terminals of the TFT2 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the other end (end which is not connected with the
gate terminal of the D-TFT) of the capacitor element C.

The third switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected
with a data line DL and the other of the source and
drain terminals thereof is connected with the other end
(end which is not connected with the gate terminal of
the D-TFT) of the capacitor element C.

The fourth switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT4). One of
the source and drain terminals of the TFT4 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with a reference voltage line Vr for supplying a
reference voltage Vref.

The OLED display further includes, in addition to
the GND and the reference voltage line Vr, a data line
DL, first to third scanning lines SL1 to SL3, and a

power supply line VS. The data line DL is connected
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with one of the source terminal and the drain terminal
of the TFT3 to supply a control voltage VD for
controlling the current supplied from the D-TFT to the
OLED. The first scanning line SLl is connected with
the gate terminal of the TFT1 and the gate terminal of
the TFT3 to supply a-voltage signal SV1 thereto. The
second scanning line SL2 is connected with the gate
terminal of the TFT2 to supply a voltage signal SV2
thereto. The third scanning line SL3 is connected with
the gate terminal of the TFT4 to supply a voltage
signal SV3 thereto. The power supply line VS is used
to supply one of voltages VS1 and VS2.

Here, when the threshold voltage of the D-TFT is
expressed as Vt, the voltages VS1 and VS2 of the power
supply line VS satisfy "VS1>VS2" and "Vref-vt>VS2".

When the current is to be supplied to the OLED, the

‘voltage VS1 of the power supply line VS is set to such:

a voltage that the D-TFT operates in the saturation
region. The reference voltage Vref is set to a value
equal to or smaller than the threshold voltage in the
case where the OLED into which the current flows emits
light. In this embodiment, the voltage VS2 of the
power supply line VS is set to the GND and the control
voltage VD of the data line DL is set to a negative
voltage. The capacitance value of the capacitor
element C is set to a value equal to or larger than

three times a sum of parasitic capacitances including
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an overlap capacitance with respect to the D-TFT.

FIG. 7 is a timing chért illustrating an
operation in this embodiment and the operation will be
described below.

The voltage signal SV1 of the first scanning line
SL1 is set to an H level. The voltage signal SV2 of
the second scanning line SL2 is set to an L level. The
voltage signal SV3 of the third scanning line SL3 is
set to the H level. The voltage VS2 is set for the
power supply line VS. For this period (hereinafter,
referred to as reset period), the TFT1 and the TFT3 are
in aﬁ on-state (ON), the TFT2 is in an off-state (OFF) ,
and the TFT4 is in the on-state (ON). For this period,
each of the gate terminal voltage and the source
terminal voltage of the D-TFT is equal to the reference
voltage Vref of the reference voltage line Vr. The
drain terminal voltage is equal to the voltage VS2 of
the power supply line VS. Further, a voltage of the
other end (end which is not connected with the gate
terminal of the D-TFT) of the capacitor element C is
equal to the control voltage VD of the data line DL.

Subsequently, the voltage sigﬁal SVl of the first
scanning line SL1 is set to the H level. The voltage
signal SV2 of the second scanning line SL2 is set to
the L level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. The voltage

VS2 is set for the power supply line VS. For this
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period (hereinafter, referred to as voltage writing
| period), the TFT1 and the TFT3 are turnéd ON, the TFT2
is turned OFF, and the TFT4 is turned OFF. For this
period, each of the gate terminal voltage and the
5 source terminal voltage of the D-TFT is equal to a sum
"VS2+Vt" of the voltage VS2 of the power supply line VS
and the threshold voltage Vt of the D-TFT when "VS2+Vt"
is smaller than the threshold voltage of the OLED. The
drain terminal voltage is equal to the voltage VS2 of
10 the power supply line VS. Further, a voltage of the
other end (end which is not connected with the gate
terminal of the D-TFT) of the capacitor element C is
_equal to the voltage of the data line DL. As a result,
a voltage difference "VS2+Vt-VD" is held between both
15 ends of the capacitor element C.
In thisbembodiment, assume that the reset period
and the voltage writing period are combined, and a
period for which the TFT1 and the TFT3 are turned ON
and the TFT2 is turned OFF is a current setting period.
20 For this period, a current is not supplied to the OLED.
After that, the voltage signal SV1 of the first’
scanning line SL1 is set to the L level. The voltage
signal SV2 of the second scénning line SL2 is set to
the H level. The voltage signal SV3 of the third
25 scanning line SL3 is set to the L level. The voltage
VSl is set for the power supply line VS. For this

period (hereinafter, referred to as light-emitting
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period), the TFT1 and the TFT3 are turned OFF, the TFT2
is turned ON, and the TFT4 is turned OFF. For this
period, even when the source terminal voltage of the D-
TFT varies, a voltage difference between the gate‘
terminal and the source terminal of the D-TFT is held
to "VS2+Vt-VD" by a charge pump effect.

In other words, in this embodiment, a voltage
determined based on the voltage (VS2) of the drain
terminal of the driving transistor and the control
voltage (VD) supplied from the data line during the
current setting period is equal to a voltage "VS2-VD".

Therefore, a voltage difference (Vg-Vs) bétween
the gate terminal and the source terminal of the
driving transistor is eqﬁal to a voltage obtained by
summing up the threshold voltage (Vt) of the driving
transistor and the voltage determiﬂed based on the
voltage of the drain terminal of the driving transistor
during the current setting period and the control
voltage supplied from the data line, that is, "Vg-
Vs=VS2+Vt-VD". Note that Vg indicates the gate
terminal voltage of the D-TFT and Vs indicates the
source terminal voltage of the D-TFT.

Voltages are set such that "VS2-VvD>0" and "VS2-
VD<VS1" are satisfied, the voltage VSl of the power
supply line VS is sufficiently high, and the D-TFT
operates in the saturation region, because the

threshold voltage of the D-TFT is Vt.
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At this time, a current ID expressed by the
following expression is supplied from the D-TFT to the
OLED.

ID=0.5xBx (Vg-Vs-Vt)?=0.5xBx (VS2-VD)?

5 Note that P denotes a parameter indicating the current
capability of the D-TFT, which depends on the mobility,
gate capacitance, and size of the D-TFT. Therefore,
the current ID can be controlled based on the control
voltage VD of the data line DL. The OLED emits light

10 at a luminance corresponding to the supplied current ID
based on the current-luminance characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixeis belonging to the same row at the same time

15 and successively performed for all rows to display a
screen image. A display period of a screen image is
called a frame. The frame is repeated every 1/60
seconds to change display, thereby displaying an image.

In this embodiment, the same effect as described

20 in the first embodiment is obtained. Unlike the first
embodiment, the TFTS is unnecessary, so the structure
is simplified. This simplification can be also realized
by the setting that the "VS2+Vt" is lower than the
threshold voltage of the OLED.

25 According to this embodiment, for the current
setting period, the capacitor element C of the drive

circuit included in the pixel holds a sum of the
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threshold voltage of the D-TFT and tﬁe voltage for
setting the current supplied to the OLED between the
gate terminal and the source terminal of the D-TFT.
Therefore, the current supplied torthe OLED can be set
without depending on the threshold voltage of the D-TFT.

The number of capacitor elements C included in
the drive circuit is one. When the capacitance value
is sufficiently larger than the parasitic capacitance,
the current supplied to the OLED does not depend on the
capacitor element C.

According to this embodiment, the current
supplied to the OLED is set based on the voltage, so
the present invention can be applied to a large-size
and high-definition light-emitting display device whose
load is large.

According to this embodiment, a structure can be
employed in which the drive circuit includes only the
n-type TFTs, the anode of the OLED is provided on the
drive circuit side, and an anode electrode, a light~-
emitting layer made of an ordanic material, and a
cathode electrode are layered in the stated order from
the lower side.

According to this embodiment, an n-type TFT whose

.channel layer is a metal oxide semiconductor layer

having a carrier density equal to or smaller than 10®
(cm™) and a field effect mobility equal to or larger

than 1 (cm?/Vs) is used as the n-type TFT. Therefore,
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as compared with the case of a structure using the a-Si
or OS TFT, it is possible to produce a light-emitting
display device using a TFT which has low power
consumption and can be formed at room temperature.

5 Becauée of high mobility, a necessary TFT size is small,
so high definition can be realized.

According to this embodiment, the n-type TFT
whose channel layer is the amorphous metal oxide
semiconductor layer is used. Thereforé, because of the

10 amorphous layer, it is possible to produce a TFT whose
flatness is high and variations in characteristics are
small.

(FifthvEmbodiment)

FIG. 10 illustrates a pixel structure of a light-

15 emitting display device using an OLED element according
to a fifth embodiment of the present invention.

The OLED display according to this embodiment has
each pixel iO which includes an OLED element whose
cathode terminal is connected (grounded) with a GND

20 (ground) line (hereinafter, referred to as GND) and a
drive circuit 11 connected with an anode terminal of
the OLED.

The OLED has a structure in which a light-
emitting layer made of an organic material is

25 sandwiched between the anode terminal and the cathode
terminal and emits light at a luminance corresponding

to a current supplied from the drive circuit 11.
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The drive circuit 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal, for driving the OLED, a capacitor
element C whose one end is connected with a source
terminal of a D-TFT, and multiple switch elements.

The driving transistor includes an n-type TFT
(hereinafter, referred to as D-TFT). The drain
terminal of the D-TFT is connected with a power supply
line VS.

The capacitor element C and the multiple switch
elements compose a booster section for increasing a
gate terminal voltage of the D-TFT to a voltage
obtained by summing up a voltage for supplying the
current to the OLED, a threshold voltage of the D-TFT,
and a source terminal voltage of the D-TFT, when the
drive circuit 11 supplies the current to the OLED.

The multiple switch elements include first to
fourth switch elements.

The first switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT1l). One of
the source and drain terminals of the TFT1l is connected
with the drain terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the gate terminal of the D-TFT.

The second switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT2). One of

the source and drain terminals of the TFT2 is connected
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with'the gate terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the other end (end which is not connected with the
source terminal of the D-TFT) of the capacitor element
C.

The third switch element is comprised of an n-
type TFT (hereinéfter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected
with a data line DL and the other of the source and
drain terminals thereof is connected with the other end
(end which is not connected with the source terminal of
the D-TFT) of the capacitor element C.

The fourth switch element‘iskcomprised of an n-

type TFT (hereinafter, referred to as TFT4). One of

the source and drain terminals of the TFT4 is connected

wifh the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with an anode terminal of the OLED.

The OLED displayAfurther includes, in addition to
the GND, a data line DL, first and second scanning
lines SL1 and SL2, and a power supply line VS. The
data line DL is used to supply a control‘voltage VD for
controlling fhe current supplied from the D-TFT to the
OLED. The power supply line VS is used to supply a
voltage VS1. The first scanning line SL1 is connected
with the gate terminal of the TFT1 and the gate

terminal of the TFT3 to supply a voltage signal SV1
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thereto. The second scanning line SL2 is connected
with the gate terminal of the TFT2 and the gate
terminal of the TFT4 to supply a voltage signal SV2
thereto.

When the current is to be supplied to the OLED,

the voltage VS1 of the power supply line VS is set to

such a voltage that the D-TFT operates in a saturation

- region. A capacitance value of the capacitor element C

is set to a value equal to or larger than three times a
sum of parasitic capacitances including an overlap
capacitance with respect to the D-TFT.

FIG. 11 is a timing chart illustrating an

' operation in this embodiment and the operation will be

described below.

The voltage signal SV1 of the first scanning line
SL1 is set to the H level. The voltage signal SV2 of
the second scanning line SL2 is set to the L level.
For this period (hereinafter, referred to as voltage
resét period), the TFT1 and the TFT3 are tufned ON and
the TFT2 and TFT4 are turned OFF. For this period, the
source terminal voltage of the D-TFT is equal to "VSl-
Vt" when the threshold voltage of the D-TFT is
expressed as Vt. A voltage of the other end (end which
is not connected with the source terminal of the D-TFT)
of the capacitor element C is equal to the control
voltage VD of the data line DL. As a result, a voltage

difference "VD-VS1l+Vt" is held between both ends of the



WO 2008/075697 PCT/JP2007/074365

10

15

20

25

50

capacitor element C.

In this embodiment, the voltage writing period
corresponds to the current se£ting period‘for setting
the current supplied to the OLEﬁ.

After that, the voltage signal SV1 of the first
scanning line SL1 is set to the L level. The &oltage
signal SV2 of the second scanning line SL2 is set to
the H level. For this period (hereinafter, referred to
as light-emitting period), the TFT1 and the TFT3 are |
turned OFF, the TFT2 and TFT4 are turned ON. For this
period, even when the source terminal voltage of the D-
TFT varies, a voltage difference between the gate
terminal and the source terminal of the D-TFT is held
to "VD-VS1+Vt" by a charge pump effect.

In other words, in thié embodiment, a voltage
determined based on the voltage (VS1l) of the drain
terminal of the driving transistor and the coﬁtrol
voltage (VD) supplied from the data line during the
current setting period is equal to a voltage "VD-VS1"
obtained by subtracting the voltage (VS1l) of the drain
terminal of the driving transistor during the current
setting period from the control voltage (VD) supplied
from the data line.

Therefore, a voltage difference (Vg-Vs) between
the gate terminal and the source terminal of the
driving transistor is equal to a voltage obtained by

summing up the threshold voltage (Vt) of the driving
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transistor and the voltage determined based on the
voltage of the drain terminal of the driving transistor
during the current setting period and the control
voltage supplied from the data line, that is, "Vg-
Vs=VD-VS1+Vt". Note that Vg indicates the gate
terminal voltage of the D-TFT and Vs indicates the
source terminal voltage of the D-TFT.

Voltages are set such that the voltage VSl of the
power supply line VS is sufficiently high, and the D-
TFT operates in the saturation region.

At this time, a current ID expressed by the
following expression is supplied from the D-TFT to the
OLED.

ID=0.5xpx (Vg-Vs-Vt)2=0.5xpx (VD—VSll) 2
Note that P denotes a parameter indicating the current
capability of the D-TFT, which depends on the mobility,
gate capacitance, and size of the D-TFT. Therefore,
the current ID can be controlled based on the Control
voltage VD of the data line DL. The OLED emits light
at a luminance corresponding to the supplied current ID
based on the current-luminance characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixels belonging to the same row at the same time
and successively performed for all rows to display a
screen image. A display period of a screen image is

called a frame. The frame is repeated every 1/60
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seconds to change display, thereby displaying an image.

According to this embodiment, as is apparent from
the expression expressing the current ID, the ID is
independent of the threshold voltage Vt of the D-TFT.
As a result, even when the threshold voltage Vt of the
D-TFT varies or is changed by electrical stress, the
current supplied to the OLED remains unchanged and
opefates as the constant current source. Thus, high-
quality display without unevenness can be performed.

In this embodiment, the number of capacitors used
in the drive éircuit is only one and thus there is no
problem with respect to the precision of the
capacitance ratio. The capacitance value of the
capacitor element C is equal to or larger thaﬁ three
times a sum of a channel capacitance of the D-TFT and a
parasitic capacitance such as an overlap capacitance,
so the influence of changes in voltages at the source
terminal and the drain terminal of the D-TFT during the
current setting period and the light-emitting period
can be suppressed.

In this structure, the current ID is controlled
based on the voltage, so high-speed operation can be

realized. Therefore, the present invention can be

rapplied to a large-size and high-definition light-

emitting display device whose load is large.
In this embodiment, although the drive circuit

includes only the n-type TFTs, the anode of the OLED
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can be provided on the drive circuit side.

According to this embodiment, an n-type TFT whose
channel layer is a metal oxide semiconductor layer
having a carrier density equal to or smaller than 10%®

5 (cm™) and a field effect mobility equal to or larger
than 1 (cm®/Vs) is used as the n-type TFT. Therefore,
as compared with the case of a structure using the a-Si
or OS TFT, it is possible to produce a light-emitting
display device using a TFT which has low power

10 consumption and can be formed at room temperature.
Because of high mobility, a necessary TFT size is small,
so high definition can be realized.

According to this embodiment, the n-type TFT
whose channel layer is the amorphous metal oxide

15 semiconductor layer is used.  Therefore, because of the
amorphous layer, it is possible to produce a TFT whose
flatness is high and variatidns in characteristics are
small.

In this embodiment, the first scanning line SL1

20 is divided into two, the scanning line SL1-1 connected
with the gate terminal of the TFT1 and the scanning
line SL1-2 connected with the gate terminal of the TFT3
are provided thereto. The voltage signal SV1-2 of the
scanning line SL1-2 is changed from the H level to the

25 L level earlier than the voltage signal SV1-1 of the
scanning line SL1-1. Therefore, when the current

setting period is shifted to the light-emitting period,
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the change from the ON-state of the TFT3 to the OFF-
state thereof is performed earlier than the change from
the OFF-state of each of the TFT2 and the TFT4 to the
ON-state thereof and the change from the ON-state of

5 the TET1 to the OFF-state thereof. 1In this case, the
voltage held by the capacitor element C is resistant to
the influence of an error factor such as a noise which
is caused by the operation of other TFTs, so higher-
precision operation can be realized. The unit for

10 performing the operation of the TFT3 earlier than the
operation of the other TFTs when the current setting
period is shifted to the light-emitting period as
described above can be used even in the following
embodiments and thus the same effect is obtained.

15 In this embodiment; a novel effect is obtained by
performing an operation as illustrated in a timing
chart of FIG. 12. In FIG. 12, a timing at which the
voltage signal SV2 of the second scanning line SL2 is
changed from the L level to the H level is shifted to

20 provide a predetermineq ﬁeriod between a timing at
which the TFT1 and the TFT3 are changed from the ON-
state to the OFF-state and a timing at which the TFT2
and the TFT4 are changed from the OFF-state to the ON-
state. This period is a non-light-emitting period |

25 (hereinafter, referred to as black display period)
because the current does not flow into the OLED. When

this period is set, the afterimage in the human eye is
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reduced without providing a new signal line, so the
quality of moving picture display can be improved. The
black display period can be set even in the‘embodiments
described below and thus the same effect is obtained.
(Sixth Embodiment)

A pixel structure of a light-emitting display
device using an OLED element according to a sixth
embodiment of the present invention is illustrated in
FIG. 10 as in the fifth embodiment.

Note that, in this embodiment, the power supply
line VS is not fixed at the voltage VS1 and has either
one of the value of the voltages VSl and VS2
(corresponds to the unit for changing the drain
terminal voltage of the D-TFT). FIG. 13 is a timing
chart illustrating an operation in this embodiment and
the operation is described latér.

The voltage signal SV1 of the first scanning line
SL1 is set to the H level. The Vbltage signal SV2 of
the second scanning line SL2 is set to the L level.

The voltage VS2 is set for the power supply line VS.
For this period (hereinafter, referred to as voltage
writing period), the TFT1 and the TFT3 are in the on-
state (ON) and the TFT2 and TFT4 are in the off-state
(OFF) . For this period, each of the gate terminal
voltage and the drain terminal voltage of the D-TFT is
equal to the voltage VS2 of the power supply line VS.

When the threshold voltage of the D-TFT is expressed as



WO 2008/075697 PCT/JP2007/074365

10

15

20

25

56

Vt, the source terminal voltage of the D-TFT is equal
to "VS2-Vt". A voltage of the other end (end whicﬁ is
not connected with the source terminal of the D-TFT) of
the capacitor element C is equal to the control voltage
VD of the data line DL. As a result, a voltage "VD-
VS2+Vt" is held between both ends of the capacitor
element C.

In this embodiment, the voltage writing period
corresponds to the current setting period for setting
the current supplied to the OLED.

After that, the voltage signal SV1 of the first
scanning line SL1 is set to the L level. The voltage
signél SV2 of the second scanning line SL2 is set to
the H level. The voltage VSl is set for the power
supply line VS. For this period (hereinafter, referred
to as light-emitting period), the TFT1 and the TFT3 are
turned OFF, the TFT2 and TFT4 are turned ON. For this
period, even when the source terminal voltage of the D-
TFT varies, a voltage difference between the gate
terminal and the source terminal of the D-TFT is held
to "VD-VS2+Vt" by a charge pump effect.

In other words, in this embodiment, a voltage
determined based on the voltage (VS2) of the drain
terminal of the driving transistor and the control
voltage (VD) supplied from the data line during the
current setting period is equal to a voltage "VD-VS2".

Therefore, a voltage difference (Vg-Vs) between
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the gate terminal and the source terminal of the
driving transiétor is equal to a voltage obtained by
summing up the threshold voltage (Vt) of the driving
transistor and the voltage determined based on the
voltage of the drain terminal of the driving tranéistor
during the current setting period and the control
voltage supplied from the data line, that is, "ng
Vs=VD-VS2+Vt". Note that Vg indicates the gate
terminal voltage of the D-TFT and Vs indicates the
source terminal voltage of the D-TFT.

Voltages are set such that VSl is larger than VS2
and the D-TFT operates in the saturation region. At
this time, the current ID expressed by the following
expression is supplied from the D-TFT to the OLED.

ID=0.5xBx (Vg-Vs-Vt)?=0.5xpx (VD-VS2) 2
Note that P denotes a parameter indicating the current
capability of the D-TFT, which depends on the mobility,
gate capacitance, and size of the D-TFT. Therefore,
the current ID can be controlled based on the cbntrol
voltage VD of the data line DL. The OLED emits light
at a luminance corresponding to the supplied current ID
based on the current-luminance characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixels belonging to the same row at the same time
and successively performed for all rows to display a

screen image. A display period of a screen image is
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called a frame. The frame is repeated every 1/60
seconds to change display, thereby displaying an image.

In this embodiment, the same effect as described
in the fifth embodiment is obtained. Because VS2 is

5 low, even when fhe control voltage VD of the data line
DL is lower than the control voltage in the fifth
embodiment, the same current can be supplied.
Therefore, the power consumption of a circuit for
applying the control voltage VD of the data line DL and

10 the power consumption of the entire display device can
be suppressed.

The voltage VS2 is set to a value equal to or
smaller than the threshold voltage at which the OLED
into which the current flows emits light. 1In this case,

15 the same operation can be performed even when the TFT4
is not provided. Therefore, the same effect is
obtained with a small number of elements.

(Seventh Embodiment)

FIG. 4 illustrates a pixel structure of a light-

20 emitting display device using an OLED element according
to a seventh embodiment of the present invention. The
description of the same constituent elements as the
fifth embodiment is simplified or omitted.

The OLED display according to this embodiment has

25 each pixel 10 which includes an OLED element whose
.cathode terminal is connected {(grounded) with a GND

(ground) line (hereinafter, referred to as GND) and a
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drive circuit 11 connected with an anode terminal of
the OLED.

The drive circuit 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal, for driving the OLED, a capacitor
element C whose one end is connected with a source
terminal of a.D—TFT, and multiple switch elements.

The driving transistor includes an n-type TFT
{hereinafter, referred to as D-TFT). The drain
terminal of the D-TFT is connected with a power supply
line VS.

The multiple switch elements include first to
fifth switch elements.

The first switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT1l). One of
the source and drain terminals of the TFT1 is connected
with the drain terminal of the D-TFT and the other of
the source and drain terminals fhereof is cénnected
with the gate terminal of the D-TFT.

The second switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT2). One of
the source and drain terminals of the TFT2 is connected
with the gate terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the other end (end which is not connected with the
source terminal of the D-TFT) of the capacitor element

C.
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The third switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected
with a data line DL and the other of the source and
drain terminals thereof is connected with the other end
(end which is not connected with the source terminal of
the D-TFT) of the capacitor element C.

The fourth switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT4). One of
the source and drain terminals of the TFT4 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with an anode terminal of the OLED.

The fifth switch element is comprised of an n-
type TFT (hereinafter/ referred to as TFT5). One of
the source and drain terminals of the TFT5 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
(grounded) with the GND. |

The OLED display further includes, in addition to
the GND, a data line DL, first to third scanning lines
SL1 to SL3, and a power supply line VS. The data line
DL is used to supply the control voltage VD for
controlling the current supplied from the D-TFT to the
OLED. The power supply line VS is used to supply the
voltage VS1l. The first scanning line SL1 is connected

with the gate terminal of the TFT1l and the gate
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terminal of the TFT3 to supply the voltage signal SV1
thereto. The second scanning line SL2 is connected
with the gate terminal of the TFT2 and the gate
terminal of the TFT4 to supply the voltage signal SV2
thereto. The third scanning line SL3 is connected with
the gate terminal of the TFT5 to supply the voltage
signal SV3 thereto.

When the current is to be supplied to the OLED,
the voltage VSl of the power line VS is set to such a
voltage that the D-TFT operates in a saturation region.
In addition, a capacitance value of the»capacitor
element C is set to a value equal to or larger than
three times a sum of parasitic capacitances including
an oVerlab capacitance with respect to the D-TFT.

FIG. 15 is a timing chart illustrating an
operation in this embodiment, which will be described
below.

The voltage signal SV1 of the first scanning line
SL1 is set to an H level. The voltage signal SV2 of
the second scanning line SL2 is set to an L level. The
voltage signal SV3 of the third scanning line SL3 is
set to the H level. The voltage VSl is set for the
power supply line VS. For this period (hereinafter,

referred to as reset period), the TFT1l and the TFT3 are

-turned ON, the TFT2 and TFT4 are turned OFF, and the

TFTS5 is turned ON. For this period, the source

terminal voltage of the D-TFT is equal to the GND.
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Subsequently, the voltage signal SV1 of the first
scanning line SL1 is set to the H level. The voltage
signal SV2 of the second scanning line SL2 is set to
the L level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. For this
period (hereinafter, referred to as voltage writing
period), the TFT1l and the TFT3 are turned ON, the TFT2
and TFT4 are turned OFF, and the TFT5 is turned OFF.
For this period, the source terminal voltage of the D-
TFT is equal to "VS1-vt" wheh the threshold voltage of
the D-TFT is expressed as Vt. A voltage of the other
end (end which is not connected with the source
terminal of the D-TFT) of the capacitor element C is
equal to the control voltage VD of the data line DL.
As a result, the voltage difference "VD-VS1+Vt" is held
between both ends of the capacitor element C.

In this embodiment, a period obtained by adding
the reset period and the voltage writing period
corrésponds to the current setting period for setting
the current supplied to the OLED.

After that, the voltage signal SV1 of the first
scanning line SL1 is set to the L level. The voltage
signal SVZ2 of the second scanning line SL2 is set to
the H level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. For this
period (hereinafter, referred to as light-emitting

period), the TFT1 and the TFT3 are turned OFF, the TFT2
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and TET4 are turned ON, and the TFT5 is turned OFF.

For this period, even when the source terminal voltage

of the D-TFT varies, a voltage difference between the

gate terminal and the source terminal of the D-TFT is
5 held to "VD-VS1+Vt"™ by a charge pump effect.

In other words, in this embodiment, a voltage
determined based on the voltage (VSl) of the drain
terminal of the driving transistor and the control
voltage (VD) supplied from the data line during the

10 current setting period is equal to a voltage "VD-VS1".

Therefore, a voltage difference "Vg-Vs" between
the gate terminal and the source terminal of the
driving transistor is equal to a voltage obtained by
summing up the threshold voltage (Vt) of the driving

15 transistor and the voltage determined based on the
voltage of the drain terminal of the driving transistor
during the current setting period and the control
voltage supplied from the data line, that is, "Vg-
Vs=VD-VS1+Vt". Note that Vg indicates the gate

20 terminal voltage of the D-TFT and Vs indicates the
source‘terminal voltage of the D-TFT.

Voltages are set such that the voltage VS1 of the
power supply line VS is sufficiently high, and the D-
TFT operates in the saturation region.

25 At this time, a current ID expressed by the
following expression is supplied from the D-TFT to the

OLED.
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ID=0.5xpx (Vg-VS-Vt)?=0.5xBx (VD-VS1) 2
Note that B denotes a parameter indicating the current
capability of the D-TFT, which depends on the mobility,
gate capacitance, and size of the D-TFT. Therefore,
the current ID can be controlled based on the control
voltage VD of the data line DL. The OLED emits light
at luminance corresponding to the supplied current ID
basea on the current-luminance characteristic.

In the display operation of the OLED display,'for
example, the above-mentioned operation is performed on
the pixels belonging to the same row at the same time
and successively performed for all rows to display a
screen image. A display period of a screen image is
called a frame. The frame is repeated every 1/60
seconds to change display, thereby displaying an image.

In this embodiment, the reset period is provided.
Therefore, even when the source terminal voltage of the
D-TFT becomes higher than the voltage of the power
supply line VS by the influence of a noise or the like,
the operation can be normally performed. 1In this
embodiment, the same effect as the first embodiment of
the present invention is obtained. The same operation
as the sixth embodiment of the present invention can
also be realized.

(Eighth Embodiment)
FIG. 16 illustrates a pixel structure of a light-

emitting display device using an OLED element according
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to an eighth embodiment of the present inventibn. The
description of the same constituent elements as the
fifth embodiment of the present invention is simplified
or omitted.

The OLED display according to this embodiment has
each pixel 10 which includes an OLED element whose
cathode terminal is connected with a GND {(ground) 1line
(hereinafter, referred to as GND) (grounded) and a
drive circuit 11 connected with an anode terminal of
the OLED.

The drive circuit 11 includes a driving
transistor having a gate terminal, a source terminal,
and a drain terminal, for driving the OLED, a capacitor
element C whose one end is connected with a source
terminal of a D-TFT, and multiple switch elements.

The driving transistor includes an n-type TFT
(hereinafter, referréd to as D-TFT). The drain.
terminal of the D-TFT is connected with a power supply
line VS.

The multiple switch elements include first to
fifth switch elements (excluding fourth switch element).

The first switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT1l). One of

the source and drain terminals of ., the TFT1 is connected

with the drain terminal of the D-TFT and the other of

the source and drain terminals thereof is connected

with the gate terminal of the D-TET..
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The second switch element is comprised of an n-
type TFT (hefeinafter, referred to as TFT2). One of
the source and drain terminals of the TFT2 is connected
with the gate terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with the other end (end which is not connected with the
source terminal of the D-TFT) of the capacitor element
. ,

The third switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT3). One of
the source and drain terminals of the TFT3 is connected

with a data line .DL and the other of the source and

drain terminals thereof is connected with the other end

(source terminal of the D-TFT) of the capacitor element
C.

The fifth switch element is comprised of an n-
type TFT (hereinafter, referred to as TFT5). One of
the source and drain terminals of the TFTS5 is connected
with the source terminal of the D-TFT and the other of
the source and drain terminals thereof is connected
with a second power supply line Vr.

The OLEDdisplay further includes, in addition to
the GND, a data line DL, a first power supply line VS,
a second power supply line Vr, first to third scanning
lines SL1 to SL3. The data line DL is used to supply
the control voltage VD for controlling the current

supplied from the D-TFT to the OLED. The first power



WO 2008/075697 PCT/JP2007/074365

10

15

20

25

67

supply line VS is used to supply the voltages VSl and
VS2. The second power supply line Vr is used to supply
the reference voltage Vref. The first scanning line

SL1 is connected with the gate terminal of the TFT1 and
the gate terminal of the TFT3 to supply the voltage .
signal SV1 thereto. The second scanning line SL2 is
connected with the gate terminal of the TFT2 to supply
the voltage signal SV2 thereto. The third scanning
line SL3 is connected with the gate terminal of the
TFT5 to supply the voltage signal SV3 thereto.

One of the voltages VS1 and VS2 is applied from
thg first power supply line VS for each period. The
voltage VSl'is set to such a voltage that the D-TFT
operates in the saturation region when the current is
supplied to the OLED. The voltage VS2 is set to a
voltage equal to or smaller than a driving voltage of
the OLED. When the threshold voltage of the D-TFT is
expressed as Vt, the reference voltage Vref of the
second power supply line Vr is set to a value equal to
or smaller than "VS2-Vt". The capacitance value of the
capacitor element C is set to a value equal to or
larger than three times a sum of the channel
capacitance of the D-TFT and a parasitic capacitance
such as an overlap capacitance.

FIG. 17 is a timing chart illustrating an
operation in this embodiment, which will be described

below.
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The voltage signal SV1 of the first scanning line
SL1 is set to an H level. The voltage signal SV2 of
the second scanning line SL2 is set to an L level. The
voltage signal SV3 of the third scanning line SL3 is
set to the H level. The voltage VSZ.is set for the
first power supply line VS. For this period
(hereinafter, referred to as reset period), the TFT1
and the TFT3 are turned ON, the TFT2 is turned OFF, and
the TFT5 is turned ON. For this period, the source
terminal voltage of the DQTFT is equal to the reference
voltage Vref of the second power supply line Vr.

Subsequently, the voltage signal SV1 of the first
scanning line SL1 is set to the H level. The voltage
signal SV2 of the second scanning line SL2 is set to
the L level. The voltage signal SV3 of the third
scanning line SL3 is set to the L level. The voltage
VS2 is set for the first power supply line VS. For
this period (hereinafter, referred to as voltage
writing period), the TFT1 and the TFT3 are turned ON,
the TFT2 is turned OFF, and the TFT5 is turned OFF.
For this period, the voltage VS2 of the first power
supply line VS is equal to or smaller than the driving
voltage of the OLED, so the current does not flow into
the OLED. Therefore, the source terminal voltage of
the D-TFT is equal to "VS2-Vt". A voltage of the other
end (end which is not connected with the source

terminal of the D-TFT) of the capacitor element C is
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equal to the control voltage VD of the data line DLT
As a result, the voltage difference "VD-VS24+Vt" is heid
between both ends of the capacitor element C.

In this embodiment, a period obtained by adding
the reset period and the voltage writing period
corresponds to the current setting period for setting
the current supplied to the OLED.

After that,. the SVl of the first scanning line
SL1 is set to the L level. The SV2 of the second
scanning line SL2 is set to the H level. The SV3 of
the third scanning line SL3 is set to the L level. The
voltage VS1 is set for the first power supply line VS.
For this period (hereinaftér, referred to as light-
emitting period), the TFT1 and the TFT3 are turned OFF,'
the TFT2 is turned ON, and the TFT5 is turned OFF. For
this period, even when the source terminal voltage of
the D-TFT varies, a voltage difference between the gate
terminal and the source terminal of the D-TFT is held
to "VD-VS2+Vt" by a charge pump effect.

In other words, in this embodiment, a voltage
determined based on the voltage (VS2) of the drain
terminal of the driving transistor and the control
voltage (VD) supplied from the data line during the
current setting period is equal to a voltage "VD-VS2".

Therefore, a voltage difference (Vg-Vs) between
the gate terminal and the source terminal of the

driving transistor is equal to a voltage obtained by
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summing up the threshold voltagé (Vt) of the driving
transistor and the voltage determined based on the
voltage of the drain terminal of the driving transistor
during the current setting period and the control
voltage supplied from the data line, that is, "Vg-
Vs=VD-VS2+Vt". Note that Vg indicates the gate
terminal voltage of the D-TFT and Vs indicates the
source terminal voltage of the D-TFT.

Voltages are set such that the voltage VS1 of the
first power supply line VS is sufficiently high, and
the D-TFT operates in the saturation region.

At this time, a current ID expfessed by the
following expression is supplied from the D-TFT to the
OLED.

ID=0.5xBx (Vg-Vs-Vt)?=0.5xpx (VD-VS2) 2
Note that P denotes a parameter indicating the current
capability of the D-TFT, which depends on the mobility,
gate capacitance, and size of the D-TFT. Therefore,
the current ID can be controlled based on the control
voltage VD of the data line DL. The OLED emits light
at luminance corresponding to the supplied current ID
based on the current-luminance characteristic.

In the display operation of the OLED display, for
example, the above-mentioned operation is performed on
the pixels belonging to the same row at the same time
and successively performed for all rows to display a

screen image. A display period of a screen image is
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called a frame. The frame is repeated every 1/60
seconds to change display, thereby displaying an image.

In this embodiment, the reset period is provided.
Therefore, even when the source terminal voltage of the
D-TFT becomes higher than the voltage of the first
power supply line VS by the influence of a noise or the
like, the operation cén be normally performed. 1In this
embodiment, the same effect as the fifth embodiment of
the present invention is obtained. The same operation
as the sixth embodiment of the present invention can
also be realized. As in the sixth émbodiment of the
present invention, because the voltage VS2 of the power
supply line VS is low, even when the control voltage VD
of the data line DL is lower than the control voltage
of the first embodiment of the present invention, the
same current can be supplied. Thus, the power
consumption of a circuit for applying the control
voltage VD of the data line DL and the power
consumption of the entire display.device can be
suppressed.

According to the fifth embodiment to the eighth

embodiment of the present invention, for the current

. setting period, the capacitor element C of the drive

circuit included in the pixel holds a sum of the
threshold voltage of the D-TFT and the voltage for
setting the current supplied to the OLED between the

gate terminal and the source terminal of the D-TFT.
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Therefore, the current supplied to the OLED can be set
without depending on the threshold voltage of the D-TFT.

The number of capacitor elements C included in
the drive circuit is one and thus a problem with
respect to the precision of the capacitance ratio does
not occur.

The capacitance value of the capacitor element is
a sufficient large value equal to or larger than three
times a parasitic capacitance, so the influence of a
parasitic capacitor is small. Therefore, the current
can be supplied to the OLED with high precision.

As described above, according to this embodiment,
the current supplied to the OLED is set based on the
voltage, so the present invention can be applied to a
large-size and high-definition light-emitting display
device whose‘load is large.

Further, according to this embodiment, a
structure can be employed in which the drive circuit
includes only the n-type TFTs, the anode of the OLED is
provided on the drive circuit side, and an anode
electrode, a light—eﬁitting layer made of an organic

material, and a cathode electrode are layered in the

~stated order from the lower side.

Further, according to this embodiment, an n-type
TEFT whose channel layer is an amorphous metal oxide
semiconductor layer having a carrier density equal to

or smaller than 10'® (cm™) and a field effect mobility
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equal to or larger than 1 (CHF/VS) is used as the n-
type TFT. Therefore, as compared with the case of a
structure using the a-Si or 0S TFT, it is possible to
produce a light-emitting display device using a TFET
which has low power consumption and can be formed at
room temperature. Because of high mobility, a
necessary TFT size is small, so high definition can be
realized.

Further, according to this embodiment, the n-type
TFT whose channel layer is the amorphous metal oxide
semiconductor layer is used. Therefore, because of the
amorphous layer, it is possible to produce a TFT whose
flatness is high and variations in characteristics are

small.

The present invention can be used for a light-
emitting display device using a light-emitting display
element. In particular, the present invention can be
applied to a light-emitting display device in which
pixels, each of which includes an OLED element and a
drive circuit for supplying current to the OLED element,
are arranged in matrix.

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
diéclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest

interpretation so as to encompass all such
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modifications and equivalent structures and functions.

This application claims the benefit of Japanese
5 Patent Application No. 2006-342578, filed December 20,
2006, which is hereby incorporated by reference herein

in its entirety.
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CLAIMS

1. A light-emitting display device comprising
multiple pixels,

the pixels each including:

a light-emitting element which has an anode
terminal and a cathode terminal and emits light at a
luminance determined based on a current to be supplied;
and

a drive circuit for supplying the current to the
light-emitting element based on a control voltage
supplied from a data line,

the drive circuit including:

a driving transistor-having.a gate terminal, a
source terminal, and a drain terminal, for driving the
light-emitting element;

a capacitor element; and

multiple switch elements,

wherein the source terminal of the driving
transistor is connected with the anode terminal of the
light-emitting element directly or through the switch
elements,

wherein when the drive circuit supplies the
current to the light-emitting element, one end of the
capacitor element is connected with the gate terminal
of the driving transistor directly or through the

switch elements and the other end of the capacitor
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element is connected with the source terminal of the
driving transistor directly or through the switch
elements, and

wherein the capacitor element and the multiple
switch elements set a voltage difference betwéen the
gate terminal and the source terminal of the driving
transistof equal fo a sum of a threshold voltage of the
driving transistor and a voltage determined based on a
voltage of the drain terminal of the driving transistor
during a current setting period and the control voltage
supplied from the data line.

2. A light-emitting display device aécording to
claim 1,

wherein one end of the capacitor element is
connected with the gate terminal of the driving
transistor, and

wherein fhe multiple switch elements include:

a first switch element for electrically
connecting or disconnecting the gate terminal and the
source terminal of the driving transistor;

a second switch element for electrically
connecting or disconnecting the source terminal of the
driving transistor and the other end of the capacitor
element; and

a third switch element for electrically
connecting or disconnecting the data line and the other

end of the capacitor element.
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3. A light-emitting display device according.to
claim 2, wherein the voltage determined based on the
voltage of the drain terminal of the driving transistor
and the control voltage supplied from the data line
during the current setting period is equal to a voltage
obtained by subtracting the control voltage supplied
from the data line from the voltage of the drain
terminal of the driving transistor during the current
setting period.

- 4. A light-emitting display device according to
claim 2, wherein the drive circuit further includes a
fourth switch for electrically connecting or
disconnecting one of the source terminal of the driving
transistor and a reference voltage line and the source
terminal of the driving transistor and the drain
terminal thereof.

5. A light-emitting display device according to
ciaim 4, wherein the drive circuit further includes a
fifth switch element for electrically connecting or
disconnecting the source terminal of the driving
transistor and one end of the'light—emitting element.

6. A light-emitting display device according to
claim 1,

wherein one end of the capacitor element is
connected with the source terminal of the driving
transistor, and

wherein the multiple switch elements include:
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a first switch element whose one end is connected
with the gate terminal of the driving transistor and
the other end is connected with the drain terminal of
the driving transistor;

a second switch element whose one end is
connected with the gate terminal of the driving
transistor and the other end is connected with the
other end of the capacitor element; and

a thifd switch element whose one end is connected
with the other end of the second switch element and the
other end is connected with the data line.

7. A light-emitting display device according to
claim 6, wherein the voltage determined based on the
voltage of the drain terminal of the driving transistor
and the control voltage supplied from the data line
during the current setting period is equal to a voltage
obtained by sﬁbtraéting the voltage of the drain
terminal of the driving transistor during the current
setting period from the control voltage supplied from
the data line.

8. A light-emitting display device according to
claim 6, further comprising a fourth switch element
whose one end is connected with the source terminal of
the driving transistor and the other end is connected
with one end of the light-emitting element.

9. A light-emitting display device according to

claim 6, further comprising a fifth switch element
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whose one end is connected with the source terminal of
the driving transistor and the other end is connected
with a power supply line.

10. A light-emitting display device according to

5 claim 2, further comprising a unit for changing the
voltage of the drain terminal of the driving transistor.

11. A light-emitting display device according to
claim 2, wherein each of the multiple switch elements
is a thin film transistor.

10 12. A light-emitting display device according to
claim 11, wherein each of the multiple switch elements
is an n-type thin film transistor.

13. A light-emitting display device according to
claim 2, wherein the light-emitting element is an OLED

15 element.

14. A light-emitting display device according to
claim 12, wherein the n-type thin film transistor of
the drive circuit includes an amorphous metal oxide
semiconductor film having a carrier dénsity equal to or

20 smaller than 10%® (cmﬁ), which is used as a channel
layer of the n-type thin film transistor, and has a
mobility equal to or larger than 1 (CHF/VS) and an

on/off ratio equal to or larger than 10°.
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