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(54) Light emitting active matrix display device

(57) In order to restrain excess current from flowing
in a light emitting element via a driving TFT in a reset
period in an active type light emitting display device pro-
vided with a pixel structure in which a threshold voltage
compensation technique is utilized. One pixel 10 is com-
prised of a controlling TFT (Tr1), a TFT (Tr3) functioning
as a threshold voltage generating element, a TFT (Tr4)
functioning as a reset element, a driving TFT (Tr2), a

capacitor C1 holding the gate voltage of the driving TFT,
a TFT (Tr5) functioning as a current restraining means
for being controlled so as to be OFF at a reset operation
time, and an EL element E1. At the reset operation time
in which a terminal voltage of the capacitor C1 is reset
to a predetermined electrical potential, the TFT (Tr5) is
controlled so as to be in an OFF state, operating so as
to prevent excess current due to an operation of the driv-
ing TFT (Tr2) from being imparted to the EL element E1.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a light emitting
display device in which a light emitting element consti-
tuting a pixel is actively driven by a TFT (Thin Film Tran-
sistor) and particularly to an active type light emitting
display device in which a problem occurring in the case
where a so-called threshold voltage compensation tech-
nique is utilized as a lighting driving means for a light
emitting element can be solved.

Description of the Related Art

[0002] A display using a display panel in which light
emitting elements are arranged in a matrix pattern has
been developed widely. As a light emitting element em-
ployed in such display panel, an organic EL (electro-lu-
minescent) element in which an organic material is em-
ployed in a light emitting layer has attracted attention.
This is because of backgrounds one of which is that by
employing, in a light emitting layer of an EL element, an
organic compound which enables an excellent light
emitting characteristic to be expected, a high efficiency
and a long life have been achieved which make an EL
element satisfactorily practicable.
[0003] As display panels in which such organic EL el-
ements are employed, a simple matrix type display pan-
el in which EL elements are simply arranged in a matrix
pattern and an active matrix type display panel in which
an active element consisting of a TFT is added to each
of EL elements arranged in a matrix pattern have been
proposed. The latter active matrix type display panel can
realize low power consumption, compared to the former
simple matrix type display panel, and has characteris-
tics such as less cross talk between pixels and the like,
thereby being specifically suitable for a high definition
display constituting a large screen.
[0004] FIG. 1 shows a most basic circuit configuration
corresponding to one pixel 10 in a conventional active
matrix type display device, which is called a conduct-
ance control technique. In FIG. 1, a gate of a controlling
TFT (Tr1) comprised of P-channels is connected to a
scan line extending from a scan driver 1, and its source
is connected to a data line extending from a data driver
2. A drain of the controlling TFT (Tr1) is connected to a
gate of a driving TFT (Tr2) comprised similarly of P-
channels and to one terminal of a capacitor C1 provided
for holding electrical charges.
[0005] A source of the driving TFT ( Tr2 ) is connected
to the other terminal of the capacitor C1 and to an anode
side power source (VHanod) supplying a driving current
to an EL element E1 provided as a light emitting ele-
ment. A drain of the driving TFT (Tr2) is connected to
an anode of the EL element FL1, and a cathode of this

EL element is connected to a cathode side power source
(VLcath).
[0006] When an ON controlling voltage (Select) is
supplied to the gate of the controlling TFT (Tr1) shown
in FIG. 1 via the scan line, the controlling TFT (Tr1) al-
lows current which matches a data voltage (Vdata) sup-
plied from the data line to the source to flow from the
source to the drain. Therefore, during the period when
the gate of the controlling TFT (Tr1) is ON voltage, the
capacitor C1 is charged, and the capacitor's voltage is
supplied to the gate of the driving TFT (Tr2). Thus, the
driving TFT (Tr2) allows current which is based on the
gate voltage and the source voltage of the TFT (Tr2) to
flow in the EL element E1 to drive the EL element so
that the EL element emits light.
[0007] When the gate of the controlling TFT (Tr1) be-
comes an OFF voltage, the controlling TFT (Tr1) be-
comes a so-called cutoff, and the drain of the controlling
TFT (Tr1) becomes an open state. The gate voltage of
the driving TFT (Tr2) is maintained by electrical charges
accumulated in the capacitor C1, the driving current is
maintained until a next scan, and the light emission of
the EL element 14 is also maintained.
[0008] Meanwhile, in order to actively drive a current
drive type light emitting element represented by an or-
ganic EL element, it is remarked that a material consti-
tuting a TFT has to have a considerably high electron
mobility, and in general a low temperature polysilicon is
employed in order to drive the light emitting element.
However, in this type of polysilicon TFT, it is know that
threshold voltage variations occur due to formation of a
crystal body, and these threshold voltage variations of
TFTs causes variations in drain currents of driving TFTs.
It is known that the above-mentioned organic EL ele-
ment emits light whose intensity is approximately pro-
portional to the driving current, and thus the drain cur-
rent variations of driving TFTs directly cause light emis-
sion intensity variations among pixels.
[0009] Thus, in order to compensate unevenness in
intensity among pixels based on variations in threshold
voltages of TFTs, a pixel structure provided with four
TFTs as shown in FIG. 2 has been proposed. The struc-
ture shown in FIG. 2 is called a threshold voltage com-
pensation technique herein, and by this structure, oper-
ation is performed so as to effectively compensate the
threshold characteristic of a driving TFT as described
later. This threshold voltage compensation technique is
introduced in Reference 1 shown below which is not a
patent document:
[0010] Sang-Hoon Jung, Woo-Jin Nam and Min-Koo
Han, "A New Voltage Modulated AMOLED Pixel Design
Compensating Threshold Variation of Poly-Si TFTs,"
SDI International Symp. Proc., pp. 622-624, 2002.
[0011] In the structure of FIG. 2, a gate of a controlling
TFT (Tr1) comprised of P-channels is connected to a
scan line extending from a scan driver 1, and its source
is connected to a data line extending from a data driver
2. A drain of the controlling TFT (Tr1) is similarly con-
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nected to a gate of a driving TFT (Tr2) of P-channel type
via a parallel connection part of P-channel type TFT
(Tr3), TFT (Tr4) formed in the same pixel 10.
[0012] A capacitor C1 which maintains the gate volt-
age of the driving TFT (Tr2) in a lighting driving state of
an EL element E1 is connected between the gate and
the source of the driving TFT (Tr2), and said source is
connected to an anode side power source (VHanod)
which supplies a driving current to the EL element E1.
The drain of the driving TFT (Tr2 ) is connected to an
anode of the EL element E1, and a cathode of this EL
element is connected to a cathode side power source
(VLcath).
[0013] The parallel connection part of the TFT (Tr3)
and the TFT (Tr4) connected between the drain of the
controlling TFT (Tr1) and the gate of the driving TFT
(Tr2) is constructed in such a way that respective gates
and drains are in a short circuit state and that the sourc-
es and the gates of the TFT (Tr3) and the TFT (Tr4) are
connected in reverse parallel.
[0014] In the above-described structure, the roles of
the controlling TFT (Tr1) , the driving TFT (Tr2 ) , and
the electrical charge holding capacitor C1 are approxi-
mately similar to those in the example shown in FIG. 1.
In the structure in which the sources and the gates of
the TFT (Tr3) and the TFT (Tr4) are connected in re-
verse parallel, when the electrical potential (Va=Vdata)
of a point in FIG. 2 is a predetermined value higher than
the electrical potential (Vb) of b point, the TFT (Tr3) is
brought to an ON state, and the TFT (Tr4) is brought to
an OFF state. Conversely, when the electrical potential
(Va) of a point is a predetermined value lower than the
electrical potential (Vb) of b point, the TFT (Tr3) is
brought to an OFF state, and the TFT (Tr4) is brought
to an ON state. Utilizing these functions, in the pixel
structure shown in FIG. 2, for example, performed are
a reset operation in which the electrical charges of the
capacitor C1 are reset for every frame and a write op-
eration in which data is newly written in the capacitor C1.
[0015] FIG. 3 is timing charts for explaining such op-
erations, and first, at a timing shown as 1, a Select volt-
age supplied from the scan driver 1 is switched to a low
level. By this, the controlling TFT (Tr1) is brought to the
ON state. At this time data voltage Vdata supplied from
the data driver 2 is at a low level, thus the TFT (Tr4) is
bought to the ON state, and a terminal voltage of the
capacitor C1, that is, the electrical potential of b point
(Vb) , is reset to a state of a fully low in the vicinity of the
above-described low level Vdata.
[0016] Then, at a timing shown as 2 , the data voltage
Vdata supplied from the data driver 2 is raised. At this
time the TFT (Tr3) becomes the ON state, and the TFT
(Tr4) is brought to the OFF state. Accordingly, a data
voltage whose level is dropped a threshold voltage
caused by the TFT (Tr3) from the data voltage Vdata
supplied from the data driver 2 (that is, a data voltage
which is level shifted to a lower voltage side) is written
in the capacitor C1 as the gate voltage.

[0017] Thereafter, at a timing shown as 3, since the
Select voltage supplied from the scan driver 1 is
switched to a high level, the controlling TFT (Tr1) is
brought to a cutoff state, and at a timing shown as 4, the
data voltage Vdata is switched to the low level. That is,
it can be stated that the period from said 1 to said 2 is
a reset period and that the period from said 2 to said 3
is a data writing period with respect to the capacitor C1.
Based on the driving TFT (Tr2) gate voltage which has
been written in the capacitor C1 in the writing period, the
driving TFT (Tr2) supplies the driving current (drain cur-
rent) to the EL element E1 over a period of one frame.
[0018] Therefore, a part between the source and the
gate of the TFT (Tr3) functions as a threshold voltage
generating element by which a level shift is performed
using the threshold voltage, and a part between the
source and the gate of the TFT (Tr4) functions as a reset
element by which the terminal voltage of the capacitor
C1 is reset and becomes a predetermined voltage
through the ON operation of the TFT (Tr4).
[0019] Meanwhile, variations in the threshold voltag-
es of the respective TFT (Tr2) and TFT (Tr3) formed in
the same pixel as shown in FIG. 2 is considerably small,
and it can be stated that both threshold voltages are al-
most the same. Accordingly, in the writing period, the
gate voltage written in the capacitor C1 is allowed to be
a value obtained by canceling the threshold voltage of
the driving TFT (Tr2) substantially. Thus, the drain cur-
rent of the driving TFT (Tr2) which drives the EL element
E1 by electrical charges of the capacitor C1 is not de-
pendent upon its threshold voltage, and as a result, the
light emission intensity of the EL element E1 is not af-
fected by variation of the threshold voltage of the driving
TFT.
[0020] Accordingly, in the case where the pixel struc-
ture by the threshold voltage compensation technique
shown in FIG. 2 is adopted, influence due to variations
in threshold voltages of driving TFTs can be reduced ef-
fectively without particularly adding something such as
a control line or the like to a light emitting display panel
and without making a peripheral driving circuit complex.
[0021] With the structure shown in FIG. 2 in which the
threshold voltage compensation technique is adopted,
in the reset period in which the gate voltage accumulat-
ed in the capacitor C1 is reset, the terminal voltage of
the capacitor C1, that is, the electrical potential of b point
(Vb), is reset to the state of the fully low in the vicinity of
the low level of Vdata via the controlling TFT (Tr1) and
the portion between the gate and the source of TFT (Tr4)
which functions as the reset element. Thus, with the
structure shown in FIG. 2, the data voltage Vdata of the
low level is applied similarly to the gate of the driving
TFT (Tr2). Therefore, the driving TFT (Tr2) fully be-
comes the ON state (turn on state), though it is momen-
tary, so as to allow a large amount of driving current (ex-
cess current) to flow in the EL element via the driving
TFT (Tr2).
[0022] Under the influence of this, in the display panel,
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deterioration of contrast, deterioration of linearity in a
low gradation, and the like occur, and problems, such
as a problem that the life of a light emitting element is
shortened, occur. In the example shown in FIG. 2, al-
though the TFTs, all of which are of a P-channel type,
are used, even when an N-channel type is employed for
the respective TFTs, excess current momentarily flows
in the EL element accompanied by the reset period sim-
ilarly, and thus problems similar to the above problems
occur.

SUMMARY OF THE INVENTION

[0023] The present invention has been developed as
attention to the above-described technical problems has
been paid, and it is an object to provide an active type
light emitting display device which can solve the above-
described problems by effectively restraining the flow of
excess current which flows in a light emitting element
via the driving TFT and which occurs in the reset oper-
ation in which electrical charges of the above-described
capacitor are reset in a pixel structure in which the
threshold voltage compensation technique is adopted.
[0024] A light emitting display device according to the
present invention which has been developed to solve
the above-described problems is, as described in claim
1, an active type light emitting display device in which a
large number of pixel structures are arranged and in
which the pixel structure is provided at least with a light
emitting element, a driving TFT driving the light emitting
element so that the light emitting element emits light, a
controlling TFT controlling a gate voltage of the driving
TFT, a threshold voltage generating element provided
between the controlling TFT and a gate of the driving
TFT and generating a gate voltage given to the driving
TFT by level shifting a voltage corresponding to a
threshold voltage of the driving TFT, a capacitor tempo-
rarily holding the gate voltage of the driving TFT, and a
reset element resetting the gate voltage held in the ca-
pacitor to a predetermined voltage, and the present in-
vention is characterized in that a current restraining
means for restraining excess current from flowing into
the light emitting element via the driving TFT is operated
in a reset period in which the gate voltage held in the
capacitor is reset to a predetermined electrical potential
via the reset element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a connection diagram showing a circuit
structure corresponding to one pixel in an active
matrix type display device in which a conventional
conductance control technique is adopted;
FIG. 2 is a connection diagram showing a circuit
structure corresponding to one pixel in an active
matrix type display device in which a threshold volt-

age compensation technique is adopted;
FIG. 3 is timing charts explaining operations in the
display device shown in FIG. 2;
FIG. 4 is timing charts explaining operations in an
active matrix type light emitting display device ac-
cording to the present invention;
FIG. 5 is a connection diagram of a pixel unit show-
ing a first embodiment in an active matrix type light
emitting display device according to the present in-
vention;
FIG. 6 is similarly a connection diagram of a pixel
unit showing a second embodiment;
FIG. 7 is similarly a connection diagram of a pixel
unit showing a third embodiment;
FIG. 8 is similarly a connection diagram of a pixel
unit showing a fourth embodiment;
FIG. 9 is similarly a connection diagram of a pixel
unit showing a fifth embodiment;
FIG. 10 is similarly a connection diagram of a pixel
unit showing a sixth embodiment; and
FIG. 11 is similarly a connection diagram of a pixel
unit showing a seventh embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Light emitting display devices according to the
present invention will be explained below based on em-
bodiments shown in the drawings. In the following ex-
planation, portions corresponding to the respective por-
tions shown in FIG. 2 which have been already ex-
plained are denoted by like reference numerals, and
therefore explanation for individual functions and oper-
ations will be omitted properly. First, FIG. 5 shows a first
embodiment and shows a circuit structure correspond-
ing to one pixel 10. All of each TFT (Tr1 to Tr5) in this
first embodiment are comprised of P-channels, and the
portion between the source and the gate of the TFT (Tr3)
functions as the threshold voltage generating element
as described above. The portion between the source
and the gate of the TFT (Tr4) functions as the reset el-
ement.
[0027] In FIG. 5, a source and a drain of a TFT (Tr5)
provided as a switching means are connected to the
drain of the driving TFT ( Tr2 ) and the anode of the EL
element E1, respectively. That is, the switching TFT
(Tr5) is laid in a series circuit composed of the driving
TFT (Tr2) and the EL element E1. The TFT (Tr5) is
brought to an OFF state in the period in which the gate
voltage held in the capacitor C1 is reset and functions
as a current restraining means by which excess current
accompanied by the reset operation is restrained from
flowing in the EL element E1.
[0028] FIG. 4 is timing charts explaining such opera-
tions, and Select and Vdata shown in FIG. 4 are similar
to the ON controlling voltage and the data voltage of the
controlling TFT explained based on FIG. 3. In addition
to these, in an active type light emitting display device
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in the present invention, a control voltage (Vcont) for op-
erating the current restraining means is utilized. That is,
the control voltage (Vcont) is generated in the reset pe-
riod which is the period from 1 to 2.
[0029] In the embodiment shown in FIG. 5, the control
voltage (Vcont) is supplied to a gate of the switching TFT
(Tr5), and the TFT (Tr5) is controlled so as to be in an
OFF state only in the reset period. Accordingly, even
when the driving TFT (Tr2 ) is fully brought to the ON
state in the reset period, since the switching TFT (Tr5)
is in the OFF state, excess current can be restrained
(inhibited) from flowing in the EL element E1.
[0030] Next, FIG. 6 shows a second embodiment and
shows a circuit structure corresponding to one pixel 10
similarly. All of each TFT (Tr1 to Tr4 and Tr6) in this sec-
ond embodiment are comprised of P-channels. A
source and a drain of a TFT (Tr6) functioning as a
switching means are connected to the gate voltage hold-
ing terminal of the capacitor C1, that is, the gate of the
TFT (Tr3) functioning as a threshold voltage generating
element, and the gate of the driving TFT (Tr2), respec-
tively. In this structure, the TFT (Tr6) is brought to an
OFF state in the period in which the gate voltage held
in the capacitor C1 is reset.
[0031] In this case also, the control voltage (Vcont)
generated in the reset period from 1 to 2 as shown in
FIG. 4 is utilized, and the switching TFT (Tr6) is control-
led so as to be brought to the OFF state only in the reset
period. Accordingly, in the reset period the connection
between the capacitor C1 and the gate of the driving
TFT (Tr2 ) is cut off, and a gate bias voltage which is
generated accompanied by the reset operation and
which is used for operating the driving TFT (Tr2 ) so that
the TFT (Tr2 ) performs the ON operation is inhibited
from being applied to. That is, the TFT (Tr6) in this em-
bodiment functions as a current restraining means for
restraining (inhibiting) excess current from flowing in the
EL element E1 in the reset period.
[0032] FIG. 7 shows a third embodiment and shows
a circuit structure corresponding to one pixel 10 similar-
ly. All of each TFT (Tr1 to Tr4 and Tr7) in this third em-
bodiment are comprised of P-channels. In this embodi-
ment, a switching TFT (Tr7) is connected in parallel to
both end portions of the EL element E1. That is, a source
of the TFT (Tr7) is connected to the anode of the EL
element E1, and a drain of the TFT (Tr7) is connected
to the cathode of the EL element E1.
[0033] In the structure shown in this FIG. 7 also, the
control voltage (Vcont) generated in the reset period
from 1 to 2 as shown in FIG. 4 is utilized, and the switch-
ing TFT (Tr7) is controlled so as to be in an ON state
only in the reset period. That is, both terminals of the EL
element E1 is short circuited by the switching TFT (Tr7)
in the reset period. Accordingly, even though the driving
TFT (Tr2) is brought fully to the ON state in the reset
period, most of the drain current flowing in the driving
TFT (Tr2) bypasses the switching TFT (Tr7) which has
been brought to the ON state. That is, the TFT (Tr7)

functions as a current restraining means for restraining
excess current from flowing in the EL element E1 in the
reset period.
[0034] FIG. 8 shows a fourth embodiment and shows
a circuit structure corresponding to one pixel 10 similar-
ly. All of each TFT (Tr1 to Tr4) in this fourth embodiment
are comprised of P-channels. In this embodiment, pre-
pared are an anode s ide power source (VHanod) uti-
lized at a light emission driving time of the EL element
E1 and an anode side power source (VLanod) utilized
at the reset operation time, and these power sources
are constructed so as to be selected alternatively by a
switch S1. The electrical potential levels of the anode
side power sources VHanod and VLanod have a rela-
tionship of VHanod>VLanod.
[0035] In the structure shown in this FIG. 8 also, the
control voltage (Vcont) generated in the reset period
from 1 to 2 as shown in FIG. 4 is utilized, and the switch
S1 operates so as to select the low voltage anode side
power source (VLanod) only in the reset period. That is,
the switch S1 constitutes a voltage switching means for
decreasing a driving voltage which is applied to the an-
ode side of the EL element E1 in the reset period.
[0036] With the structure shown in FIG. 8, even when
the driving TFT (Tr2) is brought fully to the ON state in
the reset period, since the electrical potential difference
between the anode side power source (VHanod) and a
cathode side power source (VLcath) is made small, ex-
cess current is restrained from flowing in the EL element
E1. That is, the voltage switching means including the
switch S1 functions as a current restraining means for
restraining excess current from flowing in the EL ele-
ment E1 in the reset period.
[0037] In the structure shown in FIG. 8, although the
low voltage anode side power source (VLanod) is se-
lected by the switch S1 in the reset period, a structure
in which the low voltage anode side power source
(VLanod) is removed to be changed to an open terminal
can be adopted. In the case where such structure is
adopted, in the reset period, the driving voltage (VHan-
od) applied to the anode side of the EL element can be
cut off from this anode side so that the EL element can
be in an open state, so that excess current can be re-
strained (inhibited) from flowing in the EL element E1.
[0038] FIG. 9 shows a fifth embodiment and shows a
circuit structure corresponding to one pixel 10 similarly.
All of each TFT (Tr1 to Tr4) in this fifth embodiment are
also comprised of P-channels . In this embodiment, pre-
pared are a cathode side power source (VLcath) utilized
in the light emission driving time of the EL element E1
and a cathode side power source (VHcath) utilized at
the reset operation time, and these power sources are
constructed so as to be selected alternatively by a
switch S2. The electrical potential levels of the cathode
side power sources VLcath and VHcath have a relation-
ship of VLcath<VHcath.
[0039] In the structure shown in this FIG. 9 also, the
control voltage (Vcont) generated in the reset period
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from 1 to 2 as shown in FIG. 4 is utilized, and the switch
S2 operates so as to select the high voltage cathode
side power source (VHcath) only in the reset period.
That is, the switch S2 constructs a voltage switching
means for increasing a driving voltage which is applied
to the cathode side of the EL element in the reset period.
[0040] With the structure shown in this FIG. 9, even
when the driving TFT (Tr2) is brought fully to the ON
state in the reset period, since the electrical potential
difference between an anode side power source (VH-
anod) and the cathode side power source (VHcath) is
made small, excess current is restrained from flowing in
the EL element E1. That is, the voltage switching means
including the switch S2 functions as a current restraining
means for restraining excess current from flowing in the
EL element E1 in the reset period.
[0041] In the structure shown in FIG. 9, although the
high voltage cathode side power source (VHcath) is se-
lected by the switch S2 in the reset period, a structure
in which the high voltage cathode side power source
(VHcath) is removed to be changed to an open terminal
can be adopted. In the case where such structure is
adopted, in the reset period, the driving voltage (VLcath)
applied to the cathode side of the EL element can be
cut off from this cathode side so that the EL element can
be in the open state, so that excess current can be re-
strained (inhibited) from flowing in the EL element E1.
[0042] FIG. 10 shows a sixth embodiment and shows
a circuit structure corresponding to one pixel 10 similar-
ly. All of each TFT (Tr1 to Tr3 and Tr8) in this sixth em-
bodiment are also comprised of P-channels. In this em-
bodiment, a diode D1 is employed as a reset element.
That is, an anode of the diode D1 is connected to the
gate of the TFT (Tr3) functioning as the threshold volt-
age generating element, and a cathode of the diode D1
is connected to the source of the TFT (Tr3).
[0043] The diode D1 in this structure performs an ON
operation at an electrical potential difference by a
threshold voltage or greater that this diode D1 has, and
performed is an operation in which the gate voltage of
the driving TFT (Tr2) accumulated in the capacitor C1
is reset via this diode D1. This reset operation is similar
to the operation explained based on FIG. 2.
[0044] In the embodiment shown in this FIG. 10, a
source and a drain of the TFT (Tr8) are connected to an
anode side power source (VHanod) and the source of
the driving TFT (Tr2), respectively. That is, the TFT (Tr8)
is constructed so as to be laid in a series circuit com-
posed of the driving TFT (Tr2) and the EL element E1.
The TFT (Tr8) is brought to an OFF state in the period
in which the gate voltage held in the capacitor C1 is reset
and functions as a current restraining means by which
excess current accompanied by the reset operation is
restrained from flowing in the EL element E1.
[0045] In the structure shown in this FIG. 10, the con-
trol voltage (Vcont) generated in the reset period from
1 to 2 as shown in FIG. 4 is utilized, and the TFT (Tr8)
is controlled so as to be in the OFF state only in the reset

period. Therefore, even when the driving TFT (Tr2) is
brought fully to the ON state in the reset period, since
the TFT (Tr8) is in the OFF state, excess current can be
restrained (inhibited) from flowing in the EL element E1.
[0046] In the already explained structures shown in
FIGS. 5 to 9 also, the reset element by the diode D1
shown in FIG. 10 can be employed instead of the TFT
(Tr4) functioning as a reset element.
[0047] FIG. 11 shows a seventh embodiment and
shows a circuit structure corresponding to one pixel 10
similarly. In this seventh embodiment, all TFTs except a
TFT functioning as a reset element described later are
comprised of P-channels. In this embodiment, in an N-
channel type TFT (Tr9) functioning as a reset element,
a drain thereof is connected to the gate of the driving
TFT (Tr2), and a source thereof is connected to a cath-
ode side power source (VLcath).
[0048] In the embodiment shown in this FIG. 11 also,
a TFT (Tr10) functioning as a current restraining means
is connected between an anode side power source (VH-
anod) and the source of the driving TFT (Tr2). That is,
the arrangement of the TFT (Tr10) is similar to that of
the TFT (Tr8) shown in FIG. 10.
[0049] In the structure shown in this FIG. 11 also, the
control voltage (Vcont) generated in the reset period
from 1 to 2 as shown in FIG. 4 is utilized so as to control
the TFT (Tr9) and the TFT (Tr10) so that the TFTs (Tr9
and Tr10) become an ON state and an OFF state, re-
spectively, in the reset period. As mentioned, the TFT
(Tr9) is controlled so as to be in the ON state in the reset
period so that the terminal voltage of the capacitor C1
is lowered to the electrical potential of the cathode side
power source (VLcath) and is reset. At this time since
the TFT (Tr10) is controlled so as to be in the OFF state,
even when the driving TFT (Tr2) is brought fully to the
ON state by the reset operation, excess current can be
restrained (inhibited) from flowing in the EL element E1.
[0050] In the case where the TFT (Tr9) functioning as
a reset element is an N-channel type and the TFT (Tr10)
functioning as a current restraining means is a P-chan-
nel type as in the embodiment shown in FIG. 11, one
control voltage (Vcont) can be used commonly for the
ON and OFF control of the respective TFTs (Tr9 and
Tr10).
[0051] In the embodiment shown in FIG. 11, although
the source of the TFT (Tr9) functioning as a reset ele-
ment is connected to the cathode side power source
(VLcath), the source of the TFT (Tr9) may be connected
to another voltage source. In short, with the structure
shown in FIG. 11, by the reset operation by the TFT
(Tr9), the terminal voltage of the capacitor C1 is once
reset to the source side electrical potential of this TFT
(Tr9). Then, By the write operation for data which follows
this resetting, the terminal voltage of the capacitor C1 is
determined.
[0052] In the already explained structures shown in
FIGS. 5 to 9 also, the connection structure of the TFT
(Tr9) shown in FIG. 11 can be adopted instead of the
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TFT (Tr4) functioning as a reset element. Further, in the
already explained structure shown in FIG. 10 also, the
connection structure of the TFT (Tr9) shown in FIG. 11
can be adopted instead of the diode D1 functioning as
a reset element.
[0053] In the respective embodiments shown in FIGS.
5 to 11 explained above, since excess current can be
effectively restrained from flowing in the EL element E1
via the driving TFT (Tr2) in the reset period, technical
problems such as deterioration of contrast and deterio-
ration of linearity in a low gradation on a display panel,
a shortened life of a light emitting element, and the like
can be solved.
[0054] In most of the respective embodiments ex-
plained above, P-channel type TFTs are employed.
Constructing a pixel by P-channel type polys il icon TFTs
can contribute to simplification of manufacturing proc-
esses and to reliability improvement of a light emitting
display panel. However, an active type light emitting dis-
play device according to the present invention is not lim-
ited to this, and it is desirable that at least the driving
TFT (Tr2) and the respective TFTs (Tr3) shown in FIGS.
5 to 11 which function as threshold voltage generating
elements are both constituted by the same channel
type.
[0055] By constituting the driving TFT (Tr2) and the
TFT (Tr3) functioning as a threshold voltage generating
element by the same channel type, the driving TFT (Tr2)
and the TFT (Tr3) functioning as the threshold voltage
generating element can be permitted to have approxi-
mately the same threshold characteristics. By this de-
scribed effect, the threshold characteristic that the driv-
ing TFT has can be effectively cancelled.
[0056] With an active type light emitting display device
according to the present invention explained above, by
eliminating the influence of variations in threshold volt-
ages of driving TFTs, it is possible to make themost of
a characteristic that unevenness in light emission inten-
sities can be corrected. Furthermore, the above-de-
scribed special effect of the present invention that dete-
rioration of linearity in a low gradation can be prevented
and the like can also be expected. Therefore, an active
type light emitting display device according to the
present invention can be suitably adopted into an analog
type gradation driving technique in which gradation is
represented by the data voltage (Vdata) sent from the
data driver 2 shown in FIG. 2.
[0057] An active type light emitting display device ac-
cording to the present invention can be suitably adopted
into a display device provided with a time gradation
means which realizes a digital gradation representation
by controlling a light emission driving time given to each
EL element. Furthermore, an active type light emitting
display device according to the present invention can
be suitably adopted into a display device provided with
an area gradation means which divides one pixel into a
plurality of sub-pixels to control the number of lightings
of the divided sub-pixels.

Claims

1. An active type light emitting display device in which
a large number of pixel structures are arranged,
said pixel structure at least comprising a light emit-
ting element; a driving TFT driving the light emitting
element so that the light emitting element emits
light; a controlling TFT controlling a gate voltage of
the driving TFT; a threshold voltage generating el-
ement provided between the controlling TFT and a
gate of the driving TFT and generating a gate volt-
age given to the driving TFT by level shifting a volt-
age corresponding to a threshold voltage of the driv-
ing TFT; a capacitor temporarily holding the gate
voltage of the driving TFT; and a reset element re-
setting the gate voltage held in the capacitor to a
predetermined voltage, wherein a current restrain-
ing means for restraining excess current from flow-
ing into the light emitting element via the driving TFT
is operated in a reset period in which the gate volt-
age held in the capacitor is reset to a predetermined
electrical potential via the reset element.

2. The active type light emitting display device accord-
ing to claim 1, wherein the threshold voltage gener-
ating element is constructed between at least one
gate and one source within at least one TFT formed
in one pixel structure.

3. The active type light emitting display device accord-
ing to claim 1 or 2 , wherein the reset element is
constructed between at least one gate and one
source within at least one TFT formed in one pixel
structure.

4. The active type light emitting display device accord-
ing to claim 3, wherein the reset element construct-
ed between the source and the gate of the TFT is
connected to the source and the gate of the TFT
functioning as the threshold voltage generating el-
ement in a mutual reverse parallel state so that the
gate voltage held in the capacitor is reset to a pre-
determined voltage by an ON operation between
the source and the gate in the reset element.

5. The active type light emitting display device accord-
ing to claim 1 or 2, wherein the reset element is con-
structed between an anode and a cathode in a di-
ode formed in the same pixel structure including the
driving TFT and the light emitting element.

6. The active type light emitting display device accord-
ing to claim 5, wherein in the reset element con-
structed between the anode and the cathode in the
diode, said cathode and said anode are connected
to the source and the gate of the TFT functioning
as the threshold voltage generating element, re-
spectively, in a parallel state, and the gate voltage
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held in the capacitor is reset to a predetermined
voltage by an ON operation between the anode and
the cathode in the diode.

7. The active type light emitting display device accord-
ing to claim 1 or 2, wherein the reset element is con-
nected between a source and a drain within at least
one TFT formed in one pixel structure, and the gate
voltage held in the capacitor is reset to a predeter-
mined voltage by an ON operation between said
source and said drain.

8. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is laid in a series circuit composed of the
driving TFT and the light emitting element and is
constituted by a switching means which performs
an OFF operation in the reset period.

9. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is provided between a gate voltage holding
terminal of the capacitor and the gate of the driving
TFT and is constituted by a switching means which
performs an OFF operation in the reset period.

10. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is constituted by a switching means which
is connected in parallel to both end portions of the
light emitting element and which performs an ON
operation in the reset period.

11. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is constituted by a voltage switching means
which decreases a driving voltage applied to an an-
ode side of the light emitting element in the reset
period.

12. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is constituted by a voltage switching means
which increases a driving voltage applied to a cath-
ode side of the light emitting element in the reset
period.

13. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is constituted in such a way that a driving
voltage applied to an anode side of the light emitting
element is cut off from said anode side in the reset
period.

14. The active type light emitting display device accord-
ing to claim 1, wherein the current restraining
means is constituted in such a way that a driving
voltage applied to a cathode side of the light emit-

ting element is cut off from said cathode side in the
reset period.

15. The active type light emitting display device accord-
ing to claim 2, wherein at least the driving TFT and
a TFT forming the threshold voltage generating el-
ement are constituted by the same channel TFTs.

16. The active type light emitting display device accord-
ing to claim 1, wherein the light emitting element is
constituted by an organic EL element in which an
organic compound is employed in a light emitting
layer.
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