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(54) Display device of active matrix drive type

(57)  The invention provides a display device of the
active matrix drive type wherein each of pixels 51 com-
prises an organic EL display element 50, a drive tran-
sistor TR2 for energizing or deenergizing the EL display
element 50, a write transistor TR1 to be brought into
conduction when impressed with scanning voltage, a
capacitance element C1 to be impressed with data volt-
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age by the conduction of the write transistor TR1, and
a pulse-width modulation control circuit 90 for on/off-
controlling the drive transistor TR2 by pulse-width-mod-
ulating the output voltage of the capacitance element
C1 with ramp voltage. The modulation control circuit 90
comprises an on-control transistor TR3 and an off-con-
trol transistor TR4.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to display devic-
es, such as organic electroluminescence display devic-
es, which have a display panel comprising a plurality of
pixels arranged in the form of a matrix.

BACKGROUND OF THE INVENTION

[0002] Progress has been made inrecentyears in de-
veloping organic electroluminescence displays (herein-
after referred to as "organic EL displays"). Use of organ-
ic EL displays, for example, in portable telephones is
under study. The methods of driving organic EL display
already known are the passive matrix drive method
wherein scanning electrodes and data electrodes are
used for time division driving, and the active matrix drive
method wherein each pixel is held luminescent for one
vertical scanning period.

[0003] With organic EL displays of the active matrix
drive type, each pixel 52 has as shown in FIG. 51 an
organic EL element 50, a drive transistor TR2 for con-
trolling the energization of the EL element 50, a write
transistor TR1 which is brought into conduction upon ap-
plication of scanning voltage SCAN by a scanning elec-
trode, and a capacitance element C to which data volt-
age DATA is applied from a data electrode by the con-
duction of the write transistor TR1. The output voltage
of the capacitance element C is applied to the gate of
the drive transistor TR2.

[0004] First, voltage is applied to scanning electrodes
one after another to cause a plurality of write transistors
TR1 connected to the same scanning electrode to con-
duct, and data voltage (input signal) is applied to data
electrodes in synchronism with the scanning. Since the
write transistor TR1 is in conduction at this time, a
charge corresponding to the data voltage is stored in the
capacitance element C. The operating state of the drive
transistor TR2 is dependent on the quantity of charge
stored in the capacitance element C. When the drive
transistor TR2 is brought into conduction, a value of cur-
rent corresponding to the data voltage is supplied to the
EL element 50 via the drive transistor TR2. Consequent-
ly, the EL element 50 luminesces with brightness corre-
sponding to the data voltage. The element 50 is held
thus luminescent during one vertical scanning period.
[0005] The problem of display irregularities is encoun-
tered with organic EL displays of the analog drive type
wherein a value of current corresponding to the data
voltage is supplied to the organic EL element 50 to
cause the luminescence of the EL element 50 with
brightness in proportion to the data voltage. Accordingly,
an organic EL display of the digital drive type has been
proposed in which pulse current having a duty ratio in
accordance with data voltage is supplied to the organic
EL element 50 to thereby realize multi-level gradation
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(see, for example, JP-A No. 1998-312173).

[0006] With the organic EL display of the digital drive
type, 1 field (or 1 frame) which is the display period of a
screen of data or image is divided into a plurality of (N)
subfields (or subframes) SF, and each subfield SF com-
prises a scanning period and a luminescence period as
shown in FIG. 53 (a). The scanning periods included in
one field are all equal in length, but the luminescence
periods have varying lengths of nth power of 2 (n = 0,
1, 2, ... N-1.). In the illustrated case (N = 4), four lumi-
nescence periods are given respective lengths of 8, 4,
2, 1, and on/off changes of the luminescence periods
realize expression of 16-level gradation.

[0007] In each subfield SF of the subfield drive meth-
od described, scanning voltage is applied during the
scanning period to the write transistor TR1 constituting
each pixel to write binary data of the subfield to the ca-
pacitance element C, and current corresponding to the
binary data is supplied to the EL element by the drive
transistor TR2 during the subsequent luminescence pe-
riod.

[0008] However, in the organic EL display using the
subfield drive method described, all the horizontal scan-
ning lines must be scanned in each of the subfields with-
in one field, so that there arise the problem that multi-
level gradation requires high-speed scanning, and the
problem that quasi-contours will occur.

[0009] The present applicant has therefore proposed
an organic EL display device shown in FIG. 52. This EL
display device has pixels 51 each comprising an organic
EL element 50, a drive transistor TR2 for energizing or
deenergizing the EL element 50 in response to an on/
off control signal input to the gate thereof, a write tran-
sistor TR1 brought into conduction when scanning volt-
age is applied to the gate thereof by a scanning driver,
a capacitance element C to which data voltage is ap-
plied from a data driver by the conduction of the write
transistor TR1, and a comparator 9 having a pair of pos-
itive and negative input terminals to be supplied with
ramp voltage from a ramp voltage generating circuit and
output voltage from the capacitance element C for com-
paring the two voltages. The comparator 9 feeds an out-
put signal to the gate of the drive transistor TR2.
[0010] A current supply line 54 is connected to the
source of the drive transistor TR2, and the EL element
50 is connected to the drain of the drive transistor TR2.
The data driver is connected to one electrode (e.g.,
source) of the write transistor TR1, and the other elec-
trode (e.g., drain) of the write transistor TR1 has con-
nected thereto one end of the capacitance element C
and the inversion input terminal of the comparator 9. The
output terminal of the ramp voltage generating circuit is
connected to the noninversion input terminal of the com-
parator 9.

[0011] With the organic EL display device described
above, one field period is divided into a first half, i.e., a
scanning period, and a second half, i.e., aluminescence
period as shown in FIG. 53 (b). During the scanning pe-
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riod, scanning voltage is applied, for each horizontal
line, from the scanning driver to the write transistor TR1
constituting each pixel 51 to bring the transistor TR1 into
conduction, whereby data voltage is applied from the
data driver to the capacitance element C and stored
therein as a charge. Consequently, data for one field is
set in all the pixels constituting the EL display device.
[0012] The ramp voltage generating circuit produces
a ramp voltage which is held at a high value during the
scanning period in the first half of every field period and
which varies linearly from a low value to a high value
during the luminescence period in the second half of the
field period as shown in FIG. 53 (c). During the first-half
scanning period, the circuit applies a high voltage to the
noninversion input terminal of the comparator 9. This al-
ways causes the comparator 9 to produce a high output
as shown in FIG. 53 (d) irrespective of the input voltage
to the inversion input terminal.

[0013] When the ramp voltage is applied from the
ramp voltage generating circuit to the noninversion input
terminal of the comparator 9 during the second-half lu-
minescence period, the output voltage (data voltage) of
the capacitance element C is applied to the inversion
input terminal of the comparator 9 at the same time, with
the result that the output of the comparator 9 is given
low and high two values in accordance with the result of
comparison between the two voltages as shown in FIG.
53 (d). Stated more specifically, the comparator produc-
es a low output while the ramp voltage is lower than the
data voltage and produces a high output while the ramp
voltage is higher than the data voltage. The length of the
period during which the comparator output is low is in
proportion to the magnitude of the data voltage.

[0014] In this way, the output of the comparator 9 be-
comes low only during a period in proportion to the mag-
nitude of the data voltage, whereby the drive transistor
TR2 is brought into conduction only during this period
to energize the EL element 50. As a result, the EL ele-
ment 50 of each pixel 51 luminesces only during the pe-
riod in proportion to the magnitude of the data voltage
for the pixel 51 within one field period, whereby expres-
sion of multi-level gradation is realized.

[0015] The organic EL display device described does
not require high-speed scanning since multi-level gra-
dation can be expressed by scanning once during one
field period, and is free of the likelihood of producing
quasi-contours. With the organic EL device comprising
the pixel 51 shown in FIG. 52, however, there is the like-
lihood that the characteristics of transistors constituting
the comparator 9 inevitably involve variations, with the
result that the period during which the output of the com-
parator 9 is low, namely, the period of time during which
current flows through the EL element 50, becomes no
longer accurately proportional to the magnitude of the
data voltage. Thus, the problem that display irregulari-
ties occur to result in an impaired image quality still re-
mains to be solved. With the display device disclosed in
JP-B No. 3305946 or JP-A No. 2002-297097, the cur-
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rent flowing through the comparator becomes too great
to be negligible as compared with the current flowing
through the EL element, hence the problem of increased
power consumption.

SUMMARY OF THE INVENTION

[0016] A first object of the present invention is to pro-
vide a display device of the active matrix drive type
wherein the duration of energization of the display ele-
ment is accurately in proportion to the value of data volt-
age despite variations in the characteristics of transis-
tors constituting the pixel of the device.

[0017] A second object of the invention is to provide
a display device of the active matrix drive type which is
diminished in power consumption as compared with de-
vices of the prior art.

[0018] The present invention provides a display de-
vice of the active matrix drive type comprising a display
panel having a plurality of pixels arranged in the form of
a matrix, each of the pixels of the display panel having
a display element luminescent when supplied with elec-
tric power, and a control circuit for controlling the lumi-
nescence period of the display element within 1 frame
period in accordance with data voltage to be supplied
from outside. The control circuit of each pixel of the dis-
play panel comprises a first control element for starting
to energize the display element and a second control
element for deenergizing the display element.

[0019] With the display device of the present inven-
tion, each pixel of the display panel has therein a first
control element for starting to energize the display ele-
ment and a second control element for deenergizing the
display element. In fabricating the display panel, there-
fore, the two control elements in the same pixel are pro-
duced at the same time as positioned in close proximity
to each other by the same process. Accordingly, these
two control elements involve similar variations in char-
acteristics, such that even if the time for the first control
element to operate to start the energization of the dis-
play element differs, the time for the second control el-
ement to operate to deenergize the display element also
differs to the same extent in the same direction. It there-
fore follows that the duration of energization of the dis-
play element is a length of time in accordance with the
data voltage despite the variations involved in the char-
acteristics of the two control elements.

[0020] The present invention further provides a dis-
play device of the active matrix drive type comprising a
display panel having a plurality of pixels arranged in the
form of a matrix, and a scanning driver and a data driver
which are connected to the display panel. Each of the
pixels of the display panel comprises:

a display element luminescent when supplied with
current or voltage,

a write element to be brought into conduction when
impressed with scanning voltage from the scanning
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driver,

voltage holding means to be impressed with data
voltage from the data driver by the conduction of the
write element for holding the data voltage,

a drive element for energizing or deenergizing the
display element in response to the input of an on/
off control signal, and

pulse-width modulation control means for on/off-
controlling the drive element by pulse-width-modu-
lating the output voltage of the voltage holding
means with ramp voltage having a predetermined
rate of variation, the pulse-width modulation control
means comprising an on-control element for turning
on the drive element, and an off-control element for
turning off the drive element.

[0021] Stated more specifically, the on-control ele-
ment operates when impressed with a voltage in accord-
ance with the ramp voltage to turn on the drive element,
and the off-control element operates when impressed
with a voltage in accordance with the sum of the data
voltage and the ramp voltage to turn off the drive ele-
ment. Alternatively, the on-control element operates
when impressed with a voltage in accordance with the
value of sum of the data voltage and the ramp voltage
to turn on the drive element, and the off-control element
operates when impressed with a voltage in accordance
with the value of the ramp voltage to turn off the drive
element.

[0022] With the display device of the active matrix
drive type according to the present invention, the write
element of each pixel is impressed with scanning volt-
age from the scanning driver during the scanning period
within 1 frame period and thereby brought into conduc-
tion, whereby data voltage is applied to the voltage hold-
ing means from the data driver and held in the holding
means. During the luminescence period within 1 frame
period, on the other hand, ramp voltage having a pre-
determined rate of variation is applied to the pulse-width
modulation control means, which pulse-width-modu-
lates the output voltage (data voltage) of the voltage
holding means with the ramp voltage, and the on-control
element turns on the drive element according to the re-
sult. Upon lapse of a period in proportion to the data
voltage, the off-control element turns off the drive ele-
ment. Consequently, the display element is energized
only during a period in proportion to the data voltage.
[0023] The pair of on-control element and off-control
element are positioned in close proximity to each other
within the same pixel and are produced by the same
process at the same time. Accordingly, these two control
elements involve similar variations in characteristics (e.
g., in gate-source threshold level), such that even if the
time for the on-control element to turn on the drive ele-
ment differs due to the variation, the time for the off-con-
trol element to turn off the drive element thereafter also
differs to the same extent in the same direction. It there-
fore follows that the period of from the time the drive
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element is turned on by the on-control element until the
time the drive element is turned off by the off-control el-
ement is a length of time in accordance with the data
voltage despite the variations involved in the character-
istics of the two control elements.

[0024] With the display device of the active matrix
drive type according to the invention, each pixel of the
display panel has a first control element for starting to
energize the display element, and a second control el-
ement for deenergizing the display element. States
more specifically, when the first control element also
serves to drive the display element, the first control el-
ement is provided on and connected in series with a
power supply line extending from a power source for
supplying electric power to the display element, is
turned on when starting to energize the display element
and starts to energize the display element. The second
control element is turned on when deenergizing the dis-
play element and turns off the first control element to
thereby deenergize the display element.

[0025] In the case where the first control element and
the second control element comprise a first transistor
and a second transistor, respectively, the first transistor
serves as a drive transistor for driving the display ele-
ment. Accordingly, the first transistor can be made to
operate in either one of the linear region (nonsaturation
region) and the saturation region by altering the cathode
potential of the display element. When the drive transis-
tor is operated in the saturation region, variations in the
characteristics of the drive transistor exert a great influ-
ence on the duration of energization of the display ele-
ment, whereas if the drive transistor comprises the first
transistor, the first transistor and the second transistor
for controlling the duration of energization of the display
element each have the characteristics variations offset
by those of the other. The first transistor can therefore
be made to operate not only in the linear region but also
in the saturation region.

[0026] The first control element, which is provided on
and positioned in series with the power supply line ex-
tending from a power source for supplying electric pow-
er to the display element, on/off-controls the energiza-
tion of the display element, so that the current from the
power source flows only through the power supply line
for energization. Flow of useless current is thus avoid-
able.

[0027] With the display device of the active matrix
drive type according to the invention, the control circuit
of each pixel has a first control element for starting to
energize the display element, a second control element
for deenergizing the display element, and luminescence
period adjusting means for adjusting the luminescence
period of the display element by controlling the time to
turn on the first control element or the time to turn on
the second control element, in accordance with the volt-
age at one terminal of the display element at the time
when luminescence is started.

[0028] Every frame period, the luminescence period
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adjusting means lengthens the luminescence period of
the display element when the voltage across the termi-
nals of the display element increases at the time when
the luminescence is started, and shortens the lumines-
cence period of the display element when the voltage
across the terminals diminishes. Consequently, irre-
spective of temperature variations of the display ele-
ment or alterations thereof with time, the quantity of lu-
minescence of the display element within 1 frame be-
comes proportional to the data voltage to absorb varia-
tions in the characteristics of the display element.
[0029] With the display device of the active matrix
drive type according to the invention, the duration of en-
ergization of the display element of each pixel is accu-
rately in proportion to the data voltage despite variations
in the characteristics of the transistors constituting each
pixel. This eliminates display irregularities to be other-
wise produced to provide images of high quality. The
display device embodying the invention serves to sup-
press occurrence of ineffective electric power to achieve
a reduction in power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1 is a block diagram showing the construction
of an organic EL display device of the invention;
FIG. 2 is a diagram showing the circuit construction
of a pixel according to a first embodiment;

FIG. 3 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 4 is a diagram showing the circuit construction
of a pixel according to a second embodiment;
FIG. 5 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 6 is a diagram showing the circuit construction
of a pixel according to a third embodiment;

FIG. 7 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 8 is a waveform diagram showing the opera-
tion of a fourth embodiment;

FIG. 9 is a waveform diagram showing the opera-
tion of a fifth embodiment;

FIG. 10is a block diagram showing the construction
of an organic EL display device according to a sixth
embodiment;

FIG. 11 is a diagram showing the circuit construction
of a pixel according to the sixth embodiment;

FIG. 12 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 13 is a diagram showing the circuit construc-
tion of a pixel according to a seventh embodiment;
FIG. 14 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 15 is a diagram showing the circuit construc-
tion of a pixel according to an eighth embodiment;
FIG. 16 is a waveform diagram showing the opera-
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tion of the circuit construction;

FIG. 17 is a diagram showing the circuit construc-
tion of a plurality of pixels according to a ninth em-
bodiment;

FIG. 18 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 19 is a diagram showing the circuit construc-
tion of a pixel according to a tenth embodiment;
FIG. 20 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 21 is a waveform diagram showing the same
in the case where data voltage alters;

FIG. 22 is a diagram showing the circuit construc-
tion of a pixel according to an 11th embodiment;
FIG. 23 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 24 is a diagram showing the circuit construc-
tion of a pixel according to a 12th embodiment;
FIG. 25 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 26 is a waveform diagram showing the same
in the case of an altered data voltage;

FIG. 27 is a waveform diagram for illustrating a cor-
rection operation when the characteristics of the or-
ganic EL element of the circuit construction altered
or shifted;

FIG. 28 is a diagram showing the circuit construc-
tion of a pixel according to a 13th embodiment;
FIG. 29 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 30 is a diagram showing the circuit construc-
tion of a pixel according to a 14th embodiment;
FIG. 31 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 32 is a diagram showing the circuit construc-
tion of a pixel according to a 15th embodiment;
FIG. 33 is a diagram showing the circuit construc-
tion of a pixel according to a 16th embodiment;
FIG. 34 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 35 is a diagram showing the circuit construc-
tion of a pixel according to a 17th embodiment;
FIG. 36 is a diagram showing the circuit construc-
tion of a pixel according to an 18th embodiment;
FIG. 37 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 38 is a waveform diagram showing the same
in the event of the organic EL characteristics vary-
ing or shifting;

FIG. 39is a graph showing transistor characteristics
and organic EL'characteristics;

FIG. 40 is a diagram showing the circuit construc-
tion of a pixel according to a 19th embodiment;
FIG. 41 is a diagram showing the circuit construc-
tion of a pixel according to a 20th embodiment;
FIG. 42 is a diagram showing the circuit construc-
tion of a pixel according to a 21st embodiment;
FIG. 43 is a diagram showing the circuit construc-
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tion of a pixel according to a 22nd embodiment;
FIG. 44 is a diagram showing the circuit construc-
tion of a pixel according to a 23rd embodiment;
FIG. 45 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 46 is a diagram showing the circuit construc-
tion of a pixel according to a 24th embodiment;
FIG. 47 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 48 is a diagram showing the circuit construc-
tion of a pixel according to a 25th embodiment;
FIG. 49 is a waveform diagram showing the opera-
tion of the circuit construction;

FIG. 50 is a diagram showing various waveforms of
ramp voltages;

FIG. 51 is a diagram showing the circuit construc-
tion of a pixel in a conventional organic EL display
device;

FIG. 52 is a diagram showing the circuit construc-
tion of a pixel in an organic EL display device pro-
posed by the present applicant; and

FIG. 53 is a waveform diagram showing the opera-
tion of the circuit construction.

DETAILED DESCRIPTION OF EMBODIMENTS
[0031] Organic EL display devices embodying the
present invention will be described below in detail with

reference to the drawings.

Overall Construction

[0032] WithreferencetoFIG. 1, an organic EL display
2 embodying the invention comprises a display panel 5
having a plurality of pixels arranged in the form of a ma-
trix, and a scanning driver 3 and a data driver 4 which
are connected to the display panel 5. A TV receiver or
like video image source supplies a video signal to a vid-
eo signal processing circuit 6, in which the signal is proc-
essed as required for displaying images, and the result-
ing video signals of RGB three primary colors are fed to
the data driver 4 of the display 2. The video signal
processing circuit 6 also feeds a horizontal synchroniz-
ing signal Hsync and vertical synchronizing signal
Vsync to a timing signal generating circuit 7. The result-
ing timing signal is fed to the scanning driver 3 and the
data driver 4.

[0033] The timing signal obtained from the circuit 7 is
fed also to a ramp voltage generating circuit 8, which
produces ramp voltage for driving the EL display 2. The
ramp voltage is supplied to the pixels of the display pan-
el 5. A power source circuit (not shown) is connected to
the circuits, drivers and EL display shown in FIG. 1.

First Embodiment

[0034] A display panel 5 comprises pixels 51 each
having the circuit construction shown in FIG. 2 and ar-
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ranged in the form of a matrix. Each of the pixels 51
comprises an organic EL element 50, a drive transistor
TR2 for energizing or deenergizing the EL element 50
in responses to the input of an on/off control signal to
the gate thereof, a write transistor TR1 to be brought
into conduction when scanning voltage is applied from
the scanning driver to the gate thereof, a capacitance
element C1 to be impressed with data voltage from the
data driver by the conduction of the write transistor TR1,
and a pulse-width modulation control circuit 90 for pulse-
width-modulating the output voltage of the capacitance
element C1 with ramp voltage RAMP to be supplied by
the ramp voltage generating circuit. The capacitance el-
ement C1 is connected at its opposite ends respectively
to the drain of the write transistor TR1 and a ramp volt-
age supply line. The pulse-width modulation control cir-
cuit 90 comprises an on-control transistor TR3 for bring-
ing the drive transistor TR2 into conduction and an off-
control transistor TR4 for bringing the drive transistor
TR2 out of conduction.

[0035] The organic EL display 2 has a power source
Vpp of high potential and a power source Vgg of low
potential which are provided in common for the pixels
51. Connected to the power source Vpp, of high potential
is the source of the drive transistor TR2 of each pixel
51. The on-control transistor TR3 and off-control tran-
sistor TR4 are connected in parallel with each other be-
tween the power sources Vpp and Vgg, and a pair of
transistors TR5 and TR6 are connected in series with
each other between the power sources. The junction B
ofthe two transistors is connected to the gate of the drive
transistor TR2.

[0036] Theramp voltage RAMP is supplied to the gate
of the on-control transistor TR3. The output voltage (da-
ta voltage) of the capacitance element C1 is supplied to
the gate of the off-control transistor TR4. Connected to
the power source Vpp and the gate of the transistor TR5
are respective opposite ends of a capacitance element
C2, and the source and drain of a reset transistor TRY7.
A reset signal line RESET is connected to the gate of
the transistor TR7.

[0037] Todescribethe organic EL display device com-
prising the pixels 51 with reference to FIG. 3, the write
transistor TR1 is caused to conduct by the supply of
scanning voltage SCAN during the scanning period for
the capacitance element C1 to store data voltage DATA
(voltage at point A) therein. The reset signal RESET
thereafter changes from high to low, bringing the reset
transistor TR7 into conduction to set opposite ends of
the capacitance element C2 for the high power source
voltage Vpp. As a result, the transistor TR5 is brought
out of conduction. At this time, the other transistors TR2,
TR3, TR4 and TR6 are all nonconducting.

[0038] Subsequently during the luminescence period,
the ramp voltage RAMP rises to result in an increased
difference between this voltage and the low-potential
power source voltage Vgg. Upon this difference exceed-
ing a threshold level Vth between the gate of the on-
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control transistor TR3 and the source thereof, the tran-
sistor TR3 conducts. This brings the transistor TR6 into
conduction, lowering the gate voltage (voltage a point
B) of the drive transistor TR2 and thereby bringing the
transistor TR2 into conduction. Consequently, current
flows from the power source Vpp of high potential to the
EL element 50, which starts to luminesce.

[0039] Subsequently, with a further rise in the ramp
voltage, the voltage at point A rises, resulting in an in-
creased difference of this voltage from the low-potential
power source voltage Vgg. Upon this difference exceed-
ing the gate-source threshold level Vth of the off-control
transistor TR4, the transistor TR4 conducts to lower the
gate voltage of the transistor TR6. This brings the tran-
sistor TR6 out of conduction. Simultaneously with this,
the transistor TR5 conducts, increasing the gate voltage
(voltage at point B) of the drive transistor TR2 and con-
sequently bringing the transistor TR2 out of conduction
to deenergize the EL element 50 and stop the lumines-
cence.

[0040] Thus, the time to stop the luminescence of the
organic EL device 50 alters in accordance with the value
of the data voltage to vary the duration of luminescence
in proportion to the value of the data voltage, whereby
expression of multi-level gradation is realized.

[0041] With the pulse-width modulation circuit 90 de-
scribed, the on-control transistor TR3 and the off-control
transistor TR4 are positioned in proximity to each other
within the same pixel 51, and the two transistors are pro-
duced at the same time by the same process, such that
even if these transistors involve variations in the gate-
source threshold level, the two transistors exhibit similar
variations. Even if the time for the on-control transistor
TR3 to bring the drive transistor TR2 into conduction dif-
fers due to the variation, the time for the off-control tran-
sistor TR4 to bring the drive transistor TR2 out of con-
duction thereafter also differs to the same extent in the
same direction.

[0042] Accordingly, the period of time from the con-
duction of the drive transistor TR2 by the on-control tran-
sistor TR3 until the transistor TR2 is brought out of con-
duction by the off-control transistor TR4 is accurately in
proportion to the data voltage despite the variations in
the threshold level of the two transistors TR3, TR4.
[0043] The signal line extending from the power
source Vpp of high potential to the power source Vgg of
low potential has the pair of transistors TR5, TR6, and
during the scanning period, the transistor TRS is brought
out of conduction in response to the input of a reset sig-
nal, with the transistor TR6 off. Subsequently when the
transistor TR6 changes from on-state to off-state in the
luminescence period, the transistor TR5 is brought into
conduction at the same time to stop luminescence.
Thus, during the scanning period through the lumines-
cence period, at least one of the pair of transistors TR5,
TRG is off to block the current path from the high-poten-
tial power source Vp, to the low-potential power source
Vgg. This obviates the flow of useless current from the
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power source Vpp to the power source Vgg to thereby
reduce power consumption.

Second Embodiment

[0044] With reference to FIG. 4, the circuit construc-
tion of each pixel 51 includes a pulse-width modulation
circuit 90, which comprises an on-control transistor TR3
for bringing a drive transistor TR2 into conduction and
an off-control transistor TR4 for bringing the drive tran-
sistor TR2 out of conduction. The circuit construction is
the same as that of the first embodiment with the excep-
tion of the following. The output voltage (data voltage)
of a capacitance element C1 is supplied to the gate of
the on-control transistor TR3, and ramp voltage RAMP
is supplied to the gate of the off-control transistor TR4.
A capacitance element C3 is connected in parallel with
a transistor TR5.

[0045] With reference to FIG. 5, in the luminescence
period of the organic EL display device comprising the
pixel 51, the voltage at point A rises with a rise in the
ramp voltage RAMP to produce an increased difference
between this voltage and the low-potential power source
voltage Vss. Upon the difference exceeding the gate-
source threshold level Vth of the on-control transistor
TR3, the transistor TR3 conducts. This brings the tran-
sistor TR6 into conduction, lowering the gate voltage
(voltage a point B) of the drive transistor TR2 and there-
by bringing the transistor TR2 into conduction. Conse-
quently, current flows from the power source Vpp of high
potential to the EL element 50, which starts to lumi-
nesce.

[0046] Subsequently, the ramp voltage further rises,
producing an increased difference between this voltage
and the low-potential power source voltage Vgg. The dif-
ference exceeds the gate-source threshold level Vth of
the off-control transistor TR4, whereupon the transistor
TR4 conducts to lower the gate voltage of the transistor
TR6. This brings the transistor TR6 out of conduction.
Simultaneously with this, the transistor TR5 conducts,
increasing the gate voltage (voltage at point B) of the
drive transistor TR2 and consequently bringing the tran-
sistor TR2 out of conduction to deenergize the EL ele-
ment 50 and stop the luminescence.

[0047] Thus, the time to stop the luminescence of the
organic EL device 50 alters in accordance with the value
of the data voltage to vary the duration of luminescence
in proportion to the value of the data voltage, whereby
expression of multi-level gradation is realized.

[0048] With the pulse-width modulation circuit 90 de-
scribed above, it is likely that the on-control transistor
TR3 and the off-control transistor TR4 will involve vari-
ations in the gate-source threshold level as is the case
with the first embodiment. However, the time for the on-
control transistor TR3 to bring the drive transistor TR2
into conduction and the time for the off-control transistor
TR4 to bring the drive transistor TR2 out of conduction
thereafter will alter to the same extent in the same di-
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rection. Accordingly, the duration of conduction of the
drive transistor TR2 is accurately in proportion to the da-
ta voltage despite the variations in the threshold level of
the two transistors TR3, TR4.

[0049] The signal line extending from the power
source Vpp of high potential to the power source Vgg of
low potential has the pair of transistors TR5, TR6. Dur-
ing the scanning period through the luminescence peri-
od, at least one of the pair of transistors TR5, TRG6 is off
to block the current path from the high-potential power
source Vpp to the low-potential power source Vgg. This
obviates the flow of useless current from the power
source Vpp to the power source Vgg to thereby reduce
power consumption.

Third Embodiment

[0050] With reference to FIG. 6, the circuit construc-
tion of each pixel 51 includes a pulse-width modulation
circuit 90, which comprises an on-control transistor TR3
for bringing a drive transistor TR2 into conduction and
an off-control transistor TR4 for bringing the drive tran-
sistor TR2 out of conduction. The organic EL display 2
has a power source Vpp of high potential and a power
source Vgg of low potential which are provided in com-
mon for the pixels 51. Connected to the power source
Vpp of high potential is the source of the drive transistor
TR2 of each pixel 51. The on-control transistor TR3 and
off-control transistor TR4 are connected in parallel with
each other between the power sources Vpp and Vgg,
and a transistor TR5 and a capacitance element C4 are
connected in series with each other between the power
sources. The junction B of the transistor TR5 and the
capacitance element C4 is connected to the gate of the
drive transistor TR2.

[0051] Ramp voltage RAMP is supplied to the gate of
the on-control transistor TR3. The output voltage (data
voltage) of a capacitance element C1 is supplied to the
gate of the off-control transistor TR4. Connected to the
power source Vpp of high potential and the gate of the
transistor TR5 are respective opposite ends of a capac-
itance element C2, and the source and drain of a reset
transistor TR7. A reset signal line RESET is connected
to the gate of the transistor TR7.

[0052] Aresettransistor TR8 has its source and drain
connected respectively to the high-potential power
source Vpp and one end (point B) of the capacitance
element C4. The reset signal line RESET is connected
to the gate of the transistor TR8. A reset transistor TR9
has its source and drain connected respectively to the
high-potential power source Vpp and the other end of
the capacitance element C4. The reset signal line RE-
SET is connected to the gate of the transistor TR9.
[0053] With reference to FIG. 7, during the scanning
period of the organic EL display device comprising the
pixels 51, a write transistor TR1 is caused to conduct by
the supply of scanning voltage SCAN for the capaci-
tance element C1 to store data voltage DATA (voltage
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at point A) therein. The reset signal RESET thereafter
changes from high to low, bringing the three reset tran-
sistors TR7, TR8 and TR9 into conduction to set oppo-
site ends of the capacitance element C2 for the high po-
tential Vpp, and opposite ends of the capacitance ele-
ment C4 for the high-potential power source voltage
Vpp- As a result, the transistor TR5 is brought out of
conduction. At this time, the other transistors TR2, TR3,
TR4 are all nonconducting.

[0054] Subsequently during the luminescence period,
the ramp voltage RAMP rises to result in an increased
difference between this voltage and the low-potential
power source voltage Vgg. Upon the difference exceed-
ing the gate-source threshold level Vth of the on-control
transistor TR3, the transistor TR3 conducts. This lowers
the potential across opposite ends of the capacitance
element C4, and a drop in the gate voltage (voltage at
point B) brings the drive transistor TR2 into conduction.
Consequently, current flows from the power source Vpp
of high potential to the EL element 50, which starts to
luminesce. Incidentally, the transistor TR5 has its gate
voltage held at a high potential by the capacitance ele-
ment C2 and remains nonconducting.

[0055] Subsequently, with a further rise in the ramp
voltage, the voltage at point A rises, producing an in-
creased difference between this voltage and the low-po-
tential power source voltage Vgg. The difference ex-
ceeds the gate-source threshold level Vth of the off-con-
trol transistor TR4, whereupon the transistor TR4 con-
ducts to lower the gate voltage of the transistor TR5.
This brings the transistor TR5 into conduction. As a re-
sult, the gate voltage (voltage at point B) of the drive
transistor TR2 rises to bring the transistor TR2 out of
conduction, deenergize the EL element 50 and stop the
luminescence.

[0056] Thus, the time to stop the luminescence of the
organic EL device 50 alters in accordance with the value
of the data voltage to vary the duration of luminescence
in proportion to the value of the data voltage, whereby
expression of multi-level gradation is realized.

[0057] With the pulse-width modulation circuit 90 de-
scribed, even if the on-control transistor TR3 and the
off-control transistor TR4 involve variations in the gate-
source threshold level as is the case with the first and
second embodiments, the duration of conduction of the
drive transistor TR2 accurately corresponds to the data
voltage. The signal line extending from the power
source Vpp of high potential to the power source Vgg of
low potential has the capacitance element C4, so that
during the scanning period through the luminescence
period, no useless current flows from the power source
Vpp and to the power source Vgg to thereby reduce
power consumption.

Fourth Embodiment

[0058] The circuit construction of each pixel 51 ac-
cording to this embodiment is the same as that of the
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first, second or third embodiment, whereas ramp volt-
age is produced twice, i.e., in the first half and second
half of the luminescence period as shown in FIG. 8. In
this way, luminescence can be effected separately in the
first half and the in the second half. This serves to sup-
press a color flicker (the phenomenon that an object
moving at a high speed exhibits a color change at its
edge) due to differences in the luminescence time of im-
ages of R, G, B.

Fifth Embodiment

[0059] The circuit construction of each pixel 51 ac-
cording to this embodiment is the same as that of the
first, second or third embodiment, whereas ramp volt-
ages which are different in slope are supplied for pixels
of three primary colors (R, G, B) as shown in FIG. 9, (a)
to (c).

[0060] Thus, ramp voltages of different slopes are
used for the respective pixels of R, G, B, whereby the
white balance is adjustable without altering the data volt-
age. Furthermore, the three patterns of FIG. 9, (a), (b),
(c) are changed over for every frame, whereby a color
flicker (the phenomenon that an object moving at a high
speed exhibits a color change at its edge) due to differ-
ences in the luminescence time of images of R, G, B
can be suppressed.

Sixth Embodiment

[0061] FIG. 10 shows this embodiment, i.e., an organ-
ic EL display device comprising a display panel 5, a con-
stant-current driver 91 connected to the display panel 5
for causing a constant current to flow through the organ-
ic EL elements 50 of respective pixels by a current pro-
gram circuit to be described later, and a pulse-width
modulation control circuit for controlling the energization
of the organic EL element 50.

[0062] Inthe EL display device, the pulse-width mod-
ulation control circuit 90 constituting each of pixels 51
has the constant-current driver 91 connected thereto via
a current program circuit 92 as shown in FIG. 11. The
control circuit 90 comprises an on-control transistor
TR11 for causing a current-on transistor TR13 to con-
duct, and an off-control transistor TR12 for bringing out
of conduction a transistor TR14 constituting the current
program circuit 92. The current-on transistor TR13 is
connected to a power source Vpp via the transistor
TR14 constituting the current program circuit 92.
[0063] Connected to the power source Vpp and the
gate of the transistor TR14 are respective opposite ends
of a capacitance element C11 and the source and drain
of the off-control transistor TR12. Further connected to
the power source Vpp and the gate of the current-on
transistor TR13 are respective opposite ends of a ca-
pacitance element C12 and the source and drain of the
on-control transistor TR11.

[0064] A junction of the capacitance element C11 and
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the drain of the off-control transistor TR12 is connected
to the constant-current driver 91 via transistors TR15
and TR16. A junction of the transistors TR15 and TR16
is connected to the drain of the current-on transistor
TR13. Ajunction of the gate of the current-on transistor
TR13 and the drain of the on-control transistor TR11 is
connected to ajunction of the current-on transistor TR13
and the organic EL element 50 via a transistor TR17, to
the gate of which is connected a resent signal line RE-
SET.

[0065] With EL display device comprising the pixel 51,
a reset signal RESET supplied brings the transistor
TR17 into conduction first during a reset period as
shown in FIG. 12 to bring the current-on transistor TR13
out of conduction. At this time, transistors TR1, TR11,
TR12, TR14, TR15 and TR16 are nonconducting.
[0066] During the subsequent scanning period, the
supply of scanning voltage SCAN brings the write tran-
sistor TR1 into conduction to store data voltage DATA
(voltage at point A) in a capacitance element C1. The
transistors TR15 and TR16 are also brought into con-
duction, and the transistor TR14 of the current program
circuit 12 is gradually initiated into conduction. As a re-
sult, a programmed current starts to flow from the power
source Vpp toward the current driver 91 via the transis-
tors TR14 and TR16, eventually ensuring a gate voltage
for the transistor TR14. A charge corresponding to the
programmed current is stored in the capacitance ele-
ment C11.

[0067] The gate voltage of the on-control transistor
TR11 drops with a drop in ramp voltage RAMP during
the subsequent luminescence period, producing an in-
creased difference from the power source voltage Vpp.
Upon the difference exceeding the gate-source thresh-
old level of the on-control transistor TR11, this transistor
TR11 conducts, consequently bringing the current-on
transistor TR13 into conduction and causing pro-
grammed current to flow from the power source Vpp to
the EL element 50 via the transistors TR14 and TR13
to start luminescence.

[0068] The ramp voltage further drops to produce an
increased difference from the power source voltage
Vpp- Upon the difference exceeding the gate-source
threshold level of the off-control transistor TR12, the
transistor TR12 conducts, and the transistor TR14 of the
current program circuit 92 is brought out of conduction.
Consequently, the EL element 50 is deenergized to stop
luminescence.

[0069] Thus, the time to start the luminescence of the
organic EL device 50 alters in accordance with the value
of the data voltage to vary the duration of luminescence
in proportion to the value of the data voltage, whereby
expression of multi-level gradation is realized.

[0070] With the pulse-width modulation circuit 90 de-
scribed, the duration of energization of the organic EL
element 50 accurately corresponds to the data voltage
despite the variations to be involved in the gate-source
threshold levels of the on-control transistor TR11 and
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the off-control transistor TR12. The current from the
power source Vpp, flows through the EL element 50 only
during a period of time also corresponding to the data
voltage. This obviates the flow of useless current to
thereby reduce power consumption.

Seventh Embodiment

[0071] With reference to FIG. 13, the circuit construc-
tion of each of pixels 51 includes a pulse-width modula-
tion circuit 90, which comprises an on-control transistor
TR11 and an off-control transistor TR12. The circuit con-
struction is the same as that of the sixth embodiment
except that ramp voltage RAMP is supplied to the gate
of the on-control transistor TR11, and that the output
voltage (data voltage) of a capacitance element C1 is
supplied to the gate of the off-control transistor TR12.
[0072] With reference to FIG. 14 showing the opera-
tion of the EL display device comprising the pixel 51, the
gate voltage of the on-control transistor TR11 drops with
a drop in the ramp voltage RAMP during the lumines-
cence period, producing an increased difference from
the power source voltage Vpp. Upon the difference ex-
ceeding the gate-source threshold level of the on-con-
trol transistor TR11, this transistor TR11 conducts, con-
sequently bringing the current-on transistor TR13 into
conduction and causing current to flow from the power
source Vpp to the EL element 50 via the transistors
TR14 and TR13 to start luminescence.

[0073] The ramp voltage further drops to produce an
increased difference from the power source voltage
Vpp- Upon the difference exceeding the gate-source
threshold level of the off-control transistor TR12, the
transistor TR12 conducts, and the transistor TR14 of the
current program circuit 92 is brought out of conduction.
Consequently, the EL element 50 is deenergized to stop
luminescence.

[0074] Thus, the time to stop the luminescence of the
organic EL device 50 alters in accordance with the value
of the data voltage to vary the duration of luminescence
in proportion to the value of the data voltage, whereby
expression of multi-level gradation is realized. With the
pulse-width modulation circuit 90 described, the dura-
tion of energization of the organic EL element 50 accu-
rately corresponds to the data voltage. The current from
the power source Vpp flows through the EL element 50
only during a period of time also corresponding to the
data voltage. This obviates the flow of useless current
to thereby reduce power consumption.

Eighth Embodiment

[0075] With reference to FIG. 15, the circuit construc-
tion of each pixel 51 of this embodiment comprises the
pulse-width modulation circuit 90 of the first embodi-
ment shown in FIG. 2, and the current program circuit
92 shown in FIG. 11 and connected to the circuit 90. This
embodiment operates in the same manner as the first
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embodiment as shown in FIG. 16 to control the ener-
gization of the organic EL element 50.

Ninth Embodiment

[0076] With reference to FIG. 17, this embodiment, i.
e., an organic EL display device, comprises pixels 51
which are divided into groups of pixels 51a, 51b, 51c
which are adjacent to one another. One of the adjacent
pixels, i.e., the pixel 51a, has a circuit construction in-
corporating a pulse-width modulation circuit 90, while
the other pixels 51b, 51c¢ have a circuit construction in-
corporating only part of the circuit 90. The pixels 51a,
51b, 51c of the same pixel group are in common with
respect to the other circuit portion.

[0077] The pulse-width modulation control circuit 90
incorporated in the pixel 51a comprises an on-control
transistor TR11 for bringing a drive transistor TR2 into
conduction and an off-control transistor TR12 for bring-
ing the drive transistor TR2 out of conduction. The pixel
51a has connected thereto a power source Vpp of high
potential and a power source Vgg of low potential. An
organic EL element 50 is connected to the power source
Vpp of high potential via the drive transistor TR2.
[0078] The on-control transistor TR11 and off-control
transistor TR12 are connected in parallel with each oth-
er between the power sources Vpp and Vgg, and a ca-
pacitance element C21 and two transistors TR21 and
TR22 in series therewith are connected between the
power sources. A junction B of the off-control transistor
TR12 and the capacitance element C21 is connected to
the gate of the drive transistor TR2. The high-potential
power source Vpp is connected to the drain of a transis-
tor TR21 via a transistor TR23. A first reset signal line
RST1 is connected to the gates of the two transistors
TR23, TR21.

[0079] A transistor TR24 has a drain and a source
which are connected respectively to the gate of the tran-
sistor TR22 and the low-potential power source Vgg. A
second reset signal line RST2 is connected to the gate
of the transistor TR24. Ramp voltage RAMP is supplied
to the gate of the on-control transistor TR11. The output
voltage (data voltage) of a capacitance element C1 is
supplied to the gate of the off-control transistor TR12.
[0080] On the other hand, only the off-control transis-
tor TR12 and the capacitance element C21, which are
components of the pulse-width modulation control cir-
cuit 90, are provided in each of the pixels 51b, 51c ad-
jacent to the pixel 51a. The capacitance elements C21
of the respective pixels are connected to one another at
their low-potential side.

[0081] With the organic EL display device comprising
the pixels 51a, 51b, 51c, the write transistor TR1 of each
pixel is brought into conduction by the supply of scan-
ning voltage SCAN during the scanning period, and a
charge corresponding to data voltage (voltage at point
A) is stored in the capacitance element C1 to write data
thereto as shown in FIG. 18. Incidentally at this time, the
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transistors TR2, TR11, TR12, TR21, TR22, TR23 and
TR24 are all nonconducting.

[0082] Subsequently during the luminescence period,
the ramp voltage RAMP drops to result in an increased
difference between this voltage and the high potential
Vpp- Upon the difference exceeding the gate-source
threshold level Vth of the on-control transistor TR11, the
transistor TR11 conducts. This brings the transistor
TR22 into conduction and the transistor TR21 also into
conduction at the same time to lower the voltage across
opposite ends of the capacitance elements C21 in the
pixels. Consequently, the drive transistor TR2 of each
pixel is brought into conduction, causing current to flow
from the power source Vpp of high potential to the EL
element 50, which starts to luminesce.

[0083] Subsequently, with a further drop in the ramp
voltage, the voltage at point A drops, producing an in-
creased difference between this voltage and the high
potential Vpp. The difference exceeds the gate-source
threshold level Vth of each off-control transistor TR12,
whereupon the transistor TR12 conducts to raise the
voltage at point B. As a result, the drive transistor TR2
is brought out of conduction to deenergize the EL ele-
ment 50 and stop the luminescence.

[0084] In the subsequent reset period, the first reset
signal RST1 changes from high to low, whereby the tran-
sistor TR23 is brought into conduction. Atthe same time,
the transistor TR21 is brought out of conduction, and the
potential at the junction of the transistor TR21 and the
capacitance elements C21 of the pixels rises to set the
opposite ends of the capacitance elements C21 for the
high potential.

[0085] When the ramp voltage then rises to the high
level, the on-control transistor TR11 and the off-control
transistor TR12 are brought out of conduction. Subse-
quently, the second reset signal RST2 becomes high
only for a specified period of time, whereby the transistor
TR24 is brought into conduction and the transistor TR22
is brought out of conduction. The first reset signal RST1
thereafter changes to high, thereby bringing the transis-
tor TR23 out of conduction. This mode of control pre-
vents current from straightforwardly flowing between the
two power sources Vpp and Vgg.

[0086] With the organic EL display device described
above, the pixel 51a among pixels 51a, 51b, 51¢ which
are adjacent to one another has the pulse-width modu-
lation control circuit 90 in its entirety, whereas the other
pixels 51b, 51c each have only some components of the
circuit 90. This construction serves to reduce the
number of transistors in the entire display panel, conse-
quently improving the opening ratio of the display panel
and yield.

Tenth Embodiment

[0087] The drive transistor included in the first to ninth
embodiments is omitted from this embodiment, and an
on-control transistor (the first transistor to be described
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below) serves both to drive an organic EL element 50
and to control the energization of the organic EL element
50.

[0088] With reference to FIG. 19, each of pixels 51
has an organic EL element 50, a write transistor TR1 of
the p-channel type having a gate to be impressed with
scanning voltage SCAN, a capacitor C1 to be impressed
with data voltage DATA by the conduction of the write
transistor TR1 for holding the voltage, a first transistor
TR31 of the p-channel type provided in series with a
power supply line 55 extending from a power supply Vpp
to the EL element 50 and to be brought into conduction
upon the difference between the gate voltage thereof
and the power source voltage Vpp exceeding a prede-
termined threshold value Vth, and a second transistor
TR32 of the p-channel type to be brought into conduc-
tion upon the difference between the gate voltage there-
of and the power source voltage Vpp exceeding a pre-
determined threshold value Vth to bring the first transis-
tor TR31 out of conduction. Applied to the gate of the
first transistor TR31 is a voltage (voltage at point A) cor-
responding to the sum of ramp voltage RAMP and the
output voltage of the capacitor. The ramp voltage RAMP
is applied to the gate of the second transistor TR32.
[0089] With reference to FIG. 20, the write transistor
TR1 is brought into conduction by the application of the
scanning voltage SCAN in the first-half scanning period
of 1 frame, whereupon the potential at point A is set for
the data voltage to charge the capacitor C1. Subse-
quently when the ramp voltage RAMP gradually drops
in the second-half luminescence period of 1 frame, the
voltage at point A also gradually drops along with the
ramp voltage at the same rate of reduction. Upon the
difference between the power source voltage Vpp and
the data voltage consequently exceeding the threshold
value Vth of the first transistor TR31, this transistor
TR31 conducts, starting to energize the EL element 50
from the power source Vpp. As aresult, the current flow-
ing through the EL element 50 gradually increases as
seenin FIG. 20, causing the element %50 to luminesce.
[0090] Upon the difference between the power source
voltage Vpp and the ramp voltage RAMP thereafter ex-
ceeding the threshold value Vth of the second transistor
TR32, the second transistor TR32 conducts, with the re-
sult that the potential at point A increases toward the
power source voltage Vpp to bring the first transistor
TR31 out of conduction. As aresult, the supply of current
to the EL element 50 from the power source Vpp is dis-
continued to stop the luminescence of the element 50.
When 1 frame completion time is reached, the ramp volt-
age resumes the original value, permitting the voltage
at point A to also resume the original value, followed by
the operation for the next frame.

[0091] FIG. 21 shows variations in voltages and vari-
ations in the current flowing through the organic EL el-
ement 50 in the event of the data voltage altering. The
luminescence period of the EL element 50 thus varies
with the variation of the data voltage, whereby multi-lev-
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el gradation of images is expressed. For example when
the threshold value of the first transistor TR31 involves
a positive variation, the time to start the luminescence
of the EL element 50 is delayed as indicated in broken
lines in FIGS. 20 and 21, but since the time to stop the
luminescence is also delayed by the same length of
time, the luminescence period of the EL element 50 is
of the same length corresponding to the data voltage
despite the variation in the threshold values of the two
transistors TR31, TR32. This obviates display irregular-
ities to show images of high quality.

[0092] Further the first transistor TR31 can be made
to operate in either one of the linear region and the sat-
uration region by altering the cathode potential CV of
the EL element 50. By allowing the first transistor TR31
to operate in the linear region, it is possible to ensure
reduced power consumption, while the first transistor
TR31 can be made less susceptible to the influence of
temperature or alterations with time when allowed to op-
erate in the saturation region.

[0093] Further because the first transistor TR31 is
provided on the power supply line 55 in series therewith
for energizing or deenergizing the organic EL element
50, the current from the power source Vpp flows only
through the supply line 55. This serves to obviates waste
of current. Incidentally, the write transistor TR1 need not
always be of the p-channel type, but can be of the n-
channel type, or can be a CMOS switch comprising a n-
channel circuit and a p-channel circuit as connected in
parallel with each other.

11th Embodiment

[0094] With reference to FIG. 22, each pixel 51 has
an organic EL element 50, a write p-channel transistor
TR1, a capacitor C1 to be caused to hold data voltage
DATA therein by the conduction of the write transistor
TR1, afirst p-channel transistor TR31 provided in series
with a power supply line 55 and to be brought into con-
duction upon the difference between the gate voltage
thereof and power source voltage Vpp exceeding a pre-
determined threshold value Vth, and a second p-chan-
nel transistor TR32 to be brought into conduction upon
the difference between the gate voltage thereof and the
power source voltage Vpp exceeding a predetermined
threshold value Vth to bring the first transistor TR31 out
of conduction. The present embodiment is the same as
the tenth embodiment in this construction. However, two
kinds of ramp voltages RAMP1 and RAMP2 which are
different in rate of variation are supplied to each pixel
51. A capacitor C1 is interposed between a line for sup-
plying the first ramp voltage RAMP1 and point A, and
the second ramp voltage RAMP2 is applied to the gate
of the second transistor TR32.

[0095] With reference to FIG. 23, the voltage at point
A drops with a drop in the first ramp voltage RAMP1 in
the luminescence period. In the case where the capac-
itor C1 has a small capacitor, the rate of drop of the volt-
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age at point A is smaller than that of the ramp voltage
RAMP1. Accordingly, the second ramp voltage RAMP2
is prepared which is the same as the voltage at point A
in variation rate, and is applied to the gate of the second
transistor TR32 to thereby obtain a luminescence period
in accordance with the data voltage.

12th Embodiment

[0096] FIG. 24 shows a pixel 51 having a write tran-
sistor TR1, first transistor TR31 and second transistor
TR32, each of which is an n-channel transistor. The first
transistor TR31 and the second transistor TR32 are con-
nected to point B so as to be brought into conduction
upon the difference between the gate voltage and the
high-potential-side terminal voltage (voltage at point B)
of an organic EL element 50 exceeding a predetermined
threshold value. A voltage (voltage at point A) corre-
sponding to the sum of ramp voltage RAMP and the out-
put of a capacitor C1 is applied to the gate of the first
transistor TR31. The ramp voltage RAMP is applied to
the gate of the second transistor TR32.

[0097] With reference to FIG. 25, the write transistor
TR1 is brought into conduction by the application of
scanning voltage SCAN during the scanning period,
whereupon the potential at point Ais set for data voltage,
whereby the capacitor C1 is charged. During the sub-
sequent luminescence period, the ramp voltage RAMP
gradually rises, and the voltage at point A also gradually
rises with the ramp voltage at the same rate. Conse-
quently, upon the difference between the voltage at
point B and the data voltage exceeding the threshold
value Vth of the first transistor TR31, the first transistor
TR31 conducts, permitting a power supply Vpp to start
to energize the EL element 50. As a result, the current
flowing through the EL element 50 gradually increases
as shown in FIG. 25, causing the EL element 50 to lu-
minesce. Incidentally in the circuit construction shown
in FIG. 25, the potential at point B rises with an increase
in the current flowing through the EL element 50.
[0098] When the difference between the voltage at
point B and the ramp voltage RAMP thereafter exceeds
the threshold value Vth of the second transistor TR32,
the second transistor TR32 conducts, thereby causing
the potential at point A to drop toward the potential at
point B to bring the first transistor TR31 out of conduc-
tion. As aresult, the power source Vpp stops energizing
the organic EL element 50 to stop the luminescence of
the element 50. Upon completion of 1 frame period, the
ramp voltage returns to the original level, and the volt-
age at point A also resumes the original level along with
the ramp voltage. An operation for the next frame then
follows.

[0099] FIG. 26 shows variations in voltages and in the
current flowing through the organic EL element in the
event of the data voltage altering. The luminescence pe-
riod of the EL element 50 varies with the variation of the
data voltage, whereby images are displayed with multi-
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level gradation thus realized. For example, if the thresh-
old value of the first transistor TR31 involves a variation
in the positive direction, the time to start the lumines-
cence of the EL element 50 is delayed as indicated in
broken lines in FIGS. 25 and 26, but the time to stop the
luminescence of the element 50 is also delayed by the
same amount, with the result that the EL element 50 is
luminescent for a period in proportion to the data voltage
despite the variations in the threshold values of the two
transistors TR31, TR32. Display irregularities are thus
avoidable to provide images with a high quality.

[0100] With the circuit construction of the pixel 51
shown in FIG. 24, even if the characteristics of the or-
ganic EL element 50 vary due to variations in tempera-
ture or variations with time to result in, for example, a
lower potential at point B during the scanning period as
indicated by an arrow in FIG. 27, the waveform of the
current flowing through the EL element 50 merely un-
dergoes translation since the drain of the second tran-
sistor TR32 is connected to point B. Display irregulari-
ties are unlikely to occur, therefore.

13th Embodiment

[0101] With the pixel 51 shown in FIG. 28, the drain
of the second transistor TR32 connected to point B in
the above embodiment is connected to the power
source Vgg of low potential. Upon the difference be-
tween the power source voltage Vgg and ramp voltage
RAMP exceeding the threshold value Vth of the second
transistor TR32 in this circuit construction as shown in
FIG. 29, the second transistor TR32 conducts, bringing
the first transistor TR31 out of conduction. Consequent-
ly, the power source Vpp stops energizing the organic
EL element 50 for the element 50 to discontinue lumi-
nescence.

[0102] As indicated in broken lines in FIG. 29, the lu-
minescence period of the EL element 51 remains the
same in length in proportion to the data voltage despite
the variations in the threshold values of the two transis-
tors TR31, TR32. Despite the variations in the charac-
teristics of the two transistors TR31, TR32, therefore,
the duration of energization of the EL element 50 is in
proportion to the value of the data voltage and involves
no likelihood of display irregularities. The first transistor
TR31 is positioned on and in series with the power sup-
ply line 55 to energize or deenergize the EL element 50,
so that the current from the power source Vpp flows only
through the power supply line 55, hence occurrence of
no useless current.

14th Embodiment

[0103] The pixel 51 shown in FIG. 30 has a first signal
line 56 for applying scanning voltage SCAN in the first
half of 1 frame period and ramp voltage RAMP2 in the
second half of 1 frame period, and a second signal line
57 for applying data voltage DATA in the first half of 1
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frame period and ramp voltage RAMP1 in the second
half of 1 frame period. A first transistor TR31 is provided
on a power supply line 55 in series therewith, and the
second signal line 57 is connected via a capacitor C1 to
point A connected to the gate of the first transistor TR31.
The drain of a second transistor rTR32 is also connected
to point A. Connected to the source of the second tran-
sistor TR32 is a second power source V¢ of higher volt-
age than a first power source Vpp connected to the pow-
er supply line 55. The first signal line 56 is connected to
the gate of the second transistor TR32.

[0104] With reference to FIG. 31, the voltage at point
A varies with the data voltage of each scanning line to
be applied to the second signal line 57 during the scan-
ning period. When the gate of the second transistor
TR32 is impressed with the scanning voltage from the
first signal line 56, the transistor TR32 conducts, setting
the voltage at point A for the voltage V¢ of the second
power source. At this time, the capacitor C1 is given a
potential difference in accordance with the data voltage
relative to the power source voltage V. The potential
difference is maintained in spite of the subsequent var-
iations in the voltage at point A.

[0105] In the luminescence period, the voltage at
point A is set first for a voltage in accordance with the
difference between the voltage held in the capacitor C1
and the ramp voltage RAMP1, and the voltage at point
A gradually drops with a reduction in the ramp voltage
RAMP1. Upon the difference between the power source
voltage Vpp and the voltage at point A consequently ex-
ceeding the threshold value Vth of the first transistor
TR31, the transistor TR31 conducts, allowing the power
source Vpp to energize the organic EL element 50. As
a result, the current flowing through the EL element 50
gradually increases, and the EL element 50 luminesces.
[0106] The difference between the second power
source voltage V¢ and the ramp voltage RAMP2 there-
after exceeds the threshold value Vth of the second tran-
sistor TR32, whereupon the second transistor TR32
conducts, thereby bringing the first transistor TR31 out
of conduction. Consequently, the passage of current
from the power source Vpp to the EL element 50 is dis-
continued to cease the luminescence of the element 50.
[0107] With the pixel 51 described, the luminescence
period of the organic EL element 50 remains the same
in length in proportion to the data voltage despite vari-
ations in the threshold values of the two transistors
TR31, TR32 as indicated in broken lines in FIG. 31.
Thus, the duration of energization of the EL element 50
is in proportion to the value of the data voltage even if
the characteristics of the two transistors TR31, TR32 in-
volve variations, hence no likelihood of display irregu-
larities. Furthermore, the first transistor TR31 is posi-
tioned on the power supply line 55 in series therewith
for energizing or deenergizing the EL element 50, so
that that the current from the power source Vpp flows
only through the supply line 55. The flow of useless cur-
rent is therefore avoidable.



25
15th Embodiment

[0108] FIG. 32 shows a pixel 51, wherein an n-chan-
nel transistor serves as each of the two p-channel tran-
sistors TR31, TR32 of the above embodiment to realize
exactly the same circuit operation.

16th Embodiment

[0109] According to this embodiment, ramp voltage is
applied to a first transistor TR31 for starting energiza-
tion, while data voltage is applied to a second transistor
TR32 for stopping energization to control the deenergiz-
ing timing.

[0110] With reference to FIG. 33, each pixel 51 has
an organic EL element 50, a write transistor TR1 to be
impressed with scanning voltage SCAN for conduction,
a first capacitor C2 to be impressed with data voltage
by the conduction of the write transistor TR, the first tran-
sistor TR31 provided on and positioned in series with a
power supply line 55 extending from a power source
Vpp to the EL element 50, the second transistor TR32
for bringing the first transistor TR31 out of conduction,
a third transistor TR33 for applying the voltage of the
power source to the gate of the first transistor 31 when
brought into conduction by the application of scanning
voltage, and a second capacitor C3 interposed between
the gate of the first transistor TR31 and a ramp voltage
supply line.

[0111] The gate of the first transistor TR31 is connect-
ed to the ramp voltage supply line via the second ca-
pacitor C3 and coupled to the power source Vpp by way
of the second and third transistors TR32 and TR33. The
gate of the second transistor TR32 is coupled to the
ramp voltage supply line via the first capacitor C2. The
gate of the third transistor TR33 is connected to a scan-
ning voltage supply line.

[0112] With reference to FIG. 34, when the write tran-
sistor TR1 and the third transistor TR33 of the pixel 51
are brought into conduction by the application of scan-
ning voltage SCAN during the scanning period, the first
capacitor C2 is charged with the data voltage to set the
output end (point A) thereof for the data voltage, and
point B connected to the gate of the first transistor TR31
is set for the power source voltage Vpp.

[0113] The potentials at point A and point B gradually
drop as the ramp voltage RAMP gradually drops during
the luminescence period. Upon the difference between
the power source voltage Vpp and the voltage at point
B exceeding the threshold value Vth of the first transistor
TR31, the first transistor TR31 conducts, starting to en-
ergize the EL element 50. The difference between the
power source voltage Vpp and the voltage at point A
thereafter exceeds the threshold value Vth of the first
transistor TR32, whereupon the second transistor TR32
conducts, raising the voltage at point B to the power
source voltage Vpp. This brings the first transistor TR31
out of conduction to deenergize the EL element 50.
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[0114] The pixel 51 described has the second capac-
itor C3 between the ramp voltage supply line and point
B, hence no collision between the ramp voltage RAMP
and the power source voltage Vpp.

[0115] With the pixel 51 described, the luminescence
period of the organic EL element 50 remains the same
in length in proportion to the data voltage despite vari-
ations in the threshold values of the two transistors
TR31, TR32 as indicated in broken lines in FIG. 34.
Thus, the duration of energization of the EL element 50
is in proportion to the value of the data voltage, hence
no likelihood of display irregularities. Furthermore, the
first transistor TR31 is positioned on the power supply
line 55 in series therewith for energizing or deenergizing
the EL element 50, so that that the current from the pow-
er source Vp, flows only through the supply line 55. The
flow of useless current is therefore avoidable.

17th Embodiment

[0116] FIG. 35 shows an embodiment wherein an or-
ganic EL element 50 is provided at a position of higher
potential (Vpp) than a first transistor TR31 for driving,
with the sources of the first transistor TR31 and second
transistor TR32 connected to a power source Vss of low
potential. Like the above embodiment, this embodiment
also obviates display irregularities and the flow of use-
less current.

18th Embodiment

[0117] To be described below are 18th to 24th embod-
iments wherein the display element is adapted to lumi-
nesce in a quantity in proportion to the data voltage de-
spite variations in the characteristics of the EL element.
[0118] With reference to the 18th embodiment shown
in FIG. 36, each pixel 51 has a first signal line 61 for
applying scanning voltage SCAN in the first half of 1
frame period and high selected voltage SEL in the sec-
ond half of 1 frame period, a second signal line 62 for
applying data voltage DATA in the first half of 1 frame
period and first ramp voltage RAMP1 in the second half
of 1 frame period, a third signal line 63 for applying a
reset signal RST, and a fourth signal line 64 for applying
second ramp voltage RAMP2.

[0119] The pixel 51 further has an organic EL element
50, a write transistor TR1, a capacitor C1 to be im-
pressed with the data voltage DATA from the second sig-
nal line 62 by the conduction of the write transistor TR1,
a first transistor TR31 provided on a power supply line
6 extending from a power source Vpp of high potential
to the EL element 50, a second transistor TR32 inter-
posed between the output end (point B) of the capacitor
C1 and one end (point C) of the EL element 50, and a
third transistor TR34 provided between the output end
(point B) of the capacitor C1 and a low-potential power
source Vss.

[0120] The first signal line 61 is connected to the gate
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of the write transistor TR1. The drain of the write tran-
sistor TR1 is connected via the capacitor C1 to the gate
of the first transistor TR31. The fourth signal line 64 is
connected to the gate of the second transistor TR32.
The third signal line 63 is connected to the gate of the
third transistor TR34.

[0121] As shownin FIG. 37, one frame is divided into
a scanning period, luminescence period and reset peri-
od. The second ramp voltage RAMP2 drops first in the
reset period to thereby bring the second transistor TR32
out of conduction, whereupon the reset signal RST
changes to high, causing the third transistor TR34 to
conduct to permit the potential at point B to drop to the
power source voltage Vss. The second ramp voltage
RAMP2 thereafter rises, bringing the second transistor
TR3 into conduction. This couples point B to point C to
give these points approximately the same potential. The
first ramp voltage RAMP1 drops while the reset signal
RST is high.

[0122] During the scanning period of the next frame,
the write transistor TR1 is brought into conduction by
the application of scanning voltage SCAN, whereupon
the potential at the output end (point A) of the write tran-
sistor TR1 rises to the data voltage. This raises the po-
tential at point B and the potential at point C to the lumi-
nescence starting voltage of the EL element. At this
time, the first transistor TR31 is nonconducting, and the
second transistor TR32 is in conduction, with the result
that the charge in the capacitor C1 flows to the cathode
through the second transistor TR32 and the EL element
50. Accordingly the rise in the potential at point B and
point C is smaller than the rise of the potential at point
A. The potential at point B is set for the power source
voltage Vgg by the reset operation in the reset period
and is unlikely to drop below the voltage Vgg. By raising
the potential at point A to the data voltage during the
subsequent scanning period, the potentials at point B
and point C can be raised to the luminescence starting
voltage of the EL element 50.

[0123] Simultaneously with completion of the scan-
ning period, the second ramp voltage RAMP2 drops,
consequently bringing the second transistor TR32 out
of conduction. During the subsequent luminescence pe-
riod, the first ramp voltage RAMP1 and the second ramp
voltage RAMP?2 start to rise.

[0124] The potential at point A consequently rises as
changed over from data voltage to first ramp voltage
RAMP1, and the potential at point B rises along with this
potential. As a result, upon the difference between the
potential at point B and the potential at point C exceed-
ing the threshold level Vth of the first transistor TR31,
the transistor TR31 conducts, starting to energize the
EL element 50 for luminescence.

[0125] Withariseinthe second ramp voltage RAMP2,
the difference between this voltage and the potential at
point C thereafter exceeds the threshold value Vth of
the second transistor TR32, whereupon the second
transistor TR32 conducts. This brings the first transistor
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TR31 out of conduction to deenergize the EL element
50 to complete the luminescence of the element 50.
[0126] With the pixel 51 described, the luminescence
period of the organic EL element 50 remains the same
in length in proportion to the data voltage despite vari-
ations in the threshold values of the two transistors
TR31, TR32 as indicated in broken lines in FIG. 37.
Thus, the duration of energization of the EL element 50
is in proportion to the value of the data voltage, hence
no likelihood of display irregularities. Furthermore, the
first transistor TR31 is positioned on the power supply
line 6 in series therewith for energizing or deenergizing
the EL element 50, so that that the current from the pow-
er source Vpp, flows only through the supply line 6. The
flow of useless current is therefore avoidable.

[0127] Additionally, the problem due to the tempera-
ture variations or variations with time which are involved
in the organic EL element 50 can be overcome by the
present embodiment. Stated more specifically with ref-
erence to FIG. 39, the temperature variations or varia-
tions with time of the organic EL element vary the or-
ganic EL characteristics, consequently resulting in an
altered point of operation and an altered quantity of lu-
minescence. This problem is overcome by feeding back
the potential (terminal voltage at the luminescence start-
ing time) at point C after scanning to the duration of the
EL element 50 according to the invention.

[0128] FIG. 38 shows the operation of the EL element
when the organic EL characteristics shift toward the
right owing to temperature variations or variations with
time of the organic EL element. As illustrated, the appli-
cation of scanning voltage SCAN during the scanning
period raises the potential at point A to the data voltage,
consequently slightly raising the potential at point B and
the potential at point C. The rises in the potentials at
point B and point C are slightly greater owing to the shift
of the organic EL characteristics than in the absence of
shift (FIG. 37) as indicated by an arrow.

[0129] In the subsequent luminescence period, the
first ramp voltage RAMP1 and the second ramp voltage
RAMP?2 start to rise, and upon the difference between
the potential at point B and the potential at point C ex-
ceeding the threshold value Vth of the first transistor
TR31, this transistor TR31 conducts, starting to ener-
gize the EL element 50 and causing the element 50 to
luminesce. This time point is the same as in the case
where there is no characteristics shift (FIG. 37).

[0130] Owing to a rise in the second ramp voltage
RAMP2, the difference between the second ramp volt-
age RAMP2 and the potential at point C thereafter ex-
ceeds the threshold level Vth of the second transistor
TR32, whereupon the transistor TR32 conducts. How-
ever, the potential at point C which is higher than in the
absence of the characteristics shift as stated above de-
lays the time for the difference between the second
ramp voltage RAMP2 and the potential at point C to ex-
ceed the threshold level Vth of the second transistor
TR32, namely, the luminescence completion timing of
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the EL element 50.

[0131] In the case where the organic EL characteris-
tics shift toward the right owing to temperature variations
or variations with time of the organic EL element as
shown in FIG. 39, the current flowing through the EL el-
ement is lower as illustrated. Accordingly, the variations
in current from the start of energization of the EL ele-
ment until the deenergization thereof are moderate as
shown in FIG. 38, and the peak current is also lower.
According to the present embodiment, the period of time
from the start of energization of the EL element until the
deenergization thereof is lengthened so that the total
quantity of luminescence of the EL element from the
start of energization until deenergization within 1 frame
is definite regardless of the amount of shift of the organic
EL characteristics. In the case where the organic EL
characteristics shift toward the left owing to temperature
variations, the total quantity of luminescence from the
start of energization of the EL element until the deener-
gization thereof is also definite.

19th Embodiment

[0132] FIG. 40 shows a pixel 51 wherein a diode D is
provided between the output end of a capacitor C1 and
a power source Vgg, in place of the third transistor TR34
of the 18th embodiment. The diode D prevents the po-
tential at the outlet end of the capacitor C1 from dropping
below the power source voltage Vgg. This embodiment
has the same advantage as the 18th embodiment.

20th Embodiment

[0133] FIG. 41 shows a pixel 51 which has signal lines
provided for respective signals, in place of the first signal
line 61 and the second signal line 62 of the signal
changeover type of the 18th embodiment. The pixel has
a signal line 65 specifically for use in applying first ramp
voltage RAMP1 and a signal line 66 specifically for use
in applying select voltage SEL. With this modification, a
transistor TR39 is interposed between the drain of the
write transistor TR1 and the signal line 65 for the first
ramp voltage, and the gate of the transistor 39 is con-
nected to the signal line 66 for the select voltage.
[0134] The pixel 51 operates in the same manner as
in the 18th embodiment and produces the same effect
as the 18th embodiment. The signal lines provided ex-
clusively for the respective signals make it possible to
start the application of ramp voltage immediately after
the application of scanning voltage, with the result that
1 frame can be almost entirely usable as the lumines-
cence period.

21st Embodiment
[0135] With reference to FIG. 42, the reset circuit con-

struction included in the 18th embodiment is omitted
from this embodiment. Organic EL elements 50 have a
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capacitance component because of their structure,
while this embodiment is useful in the case where the
capacitance of the EL element 50 is sufficiently greater
than the capacitance C1. With reference to FIG. 36, var-
iations in the potential at point C are small relative to
variations in the potential at point A in this case, so that
the drop in the potential at point B does not become ex-
cessive, hence no need for a resetting operation for sup-
pressing the drop in the voltage at point B.

22nd Embodiment

[0136] FIG: 43 shows a pixel 51 which has signal lines
provided for respective signals, in place of the first signal
line 61 and the second signal line 62 of the signal
changeover type of the 21st embodiment. The pixel has
a signal line 67 specifically for use in applying ramp volt-
age RAMP and a signal line 66 specifically for use in
applying select voltage SEL. With this modification, a
transistor TR39 is interposed between the drain of the
write transistor TR1 and the signal line 67 for the ramp
voltage, and the gate of the transistor 39 is connected
to the signal line 66 for the select voltage. The pixel 51
operates in the same manner as in the 21st embodiment
and has the same advantage as in the 21st embodi-
ment.

23rd Embodiment

[0137] With reference to FIG. 44, this embodiment
has a first signal line 71 for applying data voltage DATA
in the first half of 1 frame period and first ramp voltage
RAMP1 in the second half of 1 frame period, a second
signal line 72 for applying scanning voltage SCAN in the
first half of 1 frame period and second ramp voltage
RAMP2 in the second half of 1 frame period, a third sig-
nal line 73 for applying a high select signal SEL, and a
fourth signal line 74 for applying a reset signal RST.
[0138] The pixel 51 has an organic EL element 50, a
capacitor C1 to be impressed with the data voltage DA-
TA from the first signal line 71, a first transistor TR31
provided on a power supply line 6 extending from a pow-
er source Vpp to the EL element 50, a second transistor
TR32 interposed between the output end (point B) of the
capacitor C1 and one end (point C) of the EL element
50, a third transistor TR35 provided between the Vpp
and the first transistor TR31, and a fourth transistor
TR36 between the Vpp and point B.

[0139] The first signal line 71 is connected to the gate
of the first transistor TR31 via the capacitor C1. The sec-
ond signal line 72 is connected to the gate of the second
transistor TR32. The third signal line 73 is connected to
the gate of the third transistor TR35. The fourth signal
line 74 is connected to the gate of the fourth transistor
TR36.

[0140] As shownin FIG. 45, one frame is divided into
a scanning period, luminescence period and reset peri-
od. The second ramp voltage RAMP2 drops first in the



31 EP 1 439 520 A2

reset period to thereby bring the second transistor TR32
out of conduction, whereupon the reset signal RST
changes to high, causing the fourth transistor TR36 to
conduct and permitting the potential at point B to rise to
the power source voltage Vpp. The first ramp voltage
RAMP1 drops.

[0141] During the scanning period of the next frame,
the second transistor TR32 is brought into conduction
by the application of scanning voltage SCAN, whereup-
on the potential at point A rises to the data voltage. The
potential at point B drops to the potential at point C (the
luminescence starting voltage of the EL element).
[0142] Inthe luminescence period, the third transistor
TR35 is brought into conduction by a high select signal
SEL. The first and second ramp voltages RAMP1,
RAMP2 start to rise. This causes the potential at point
Atorise as changed over from data voltage to first ramp
voltage RAMP1, and the potential at point B rises with
the potential rise. The difference between the potential
at point B and the potential at point C exceeds the
threshold level Vth of the first transistor TR31, where-
upon this transistor TR31 conducts, starting to energize
the EL element 50 for the start of luminescence.
[0143] Withariseinthe second ramp voltage RAMP2,
the difference between this voltage and the potential at
point C thereafter exceeds the threshold value Vth of
the second transistor TR32, whereupon the second
transistor TR32 conducts. This brings the first transistor
TR31 out of conduction to deenergize the EL element
50 to complete the luminescence of the element 50.
[0144] With the pixel 51 described, the luminescence
period of the organic EL element 50 remains the same
in length in proportion to the data voltage despite vari-
ations in the threshold values of the first and second
transistors TR31, TR32 as indicated in broken lines in
FIG. 45. Thus, the duration of energization of the EL el-
ement 50 is in proportion to the value of the data voltage,
hence no likelihood of display irregularities.

[0145] Furthermore, the first transistor TR31 is posi-
tioned on the power supply line 6 in series therewith for
energizing or deenergizing the EL element 50, so that
the current from the power source Vpp flows only
through the supply line 6. The flow of useless current is
therefore avoidable.

[0146] Even if temperature variations or variations
with time of the organic EL element 50 vary or shift the
organic EL characteristics, the quantity of luminescence
remains unaltered because the potential at point C after
scanning is fed back to the duration of energization of
the organic EL element 50.

24th Embodiment

[0147] FIG. 46 shows a pixel 51 which has signal lines
for individually supplying data voltage DATA, scanning
voltage SCAN, select signal SEL, first ramp signal
RAMP1 and second ramp signal RAMP2, respectively.
Each of transistors is a p-channel transistor.
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[0148] Asshown in FIG. 46, each pixel 51 has a write
transistor TR1 to be impressed with the scanning volt-
age on its gate, a capacitor C1 connected to the output
end (point A) of the write transistor TR1, a first transistor
TR31 provided on a power supply line 6 extending from
a power source Vpp to an organic EL element 50, a sec-
ond transistor TR32 interposed between the power
source Vpp and the gate of the first transistor TR31, a
third transistor TR37 provided between one end (point
B) of the capacitor C1 and one end (point C) of the EL
element 50, and a fourth transistor TR38 for applying
the first ramp voltage RAMP1 to point B.

[0149] PointAis connected to the gate of the first tran-
sistor TR31. The second ramp voltage RAMP2 is ap-
plied to the gate of the second transistor TR32, the scan-
ning voltage SCAN is applied to the gate of the third tran-
sistor TR37, and the select signal SEL which becomes
high during the luminescence period is applied to the
fourth transistor TR38.

[0150] With reference to FIG. 47, the scanning volt-
age SCAN is applied during the scanning period, where-
upon the write transistor TR1 is brought into conduction,
permitting the potential at point A to rise to the data volt-
age. The third transistor TR37 conducts, causing the po-
tential at point B to drop to the potential (luminescence
starting voltage of the EL element) at point C.

[0151] Subsequently in the luminescence period, the
application of select signal brings the fourth transistor
TR38 into conduction. The first and second ramp volt-
ages RAMP1, RAMP2 start to drop, and the potential at
point A gradually drops with the drop in the first ramp
voltage RAMP1. Consequently, upon the difference be-
tween the potential at point A and the power source volt-
age Vpp exceeding the threshold level Vth of the first
transistor TR31, the transistor TR31 conducts, starting
to energize the EL element 50 for the start of lumines-
cence of the element 50.

[0152] The difference between the second ramp volt-
age RAMP2 and the power source voltage Vpp thereaf-
ter exceeds the threshold level Vth of the second tran-
sistor TR32, whereupon the second transistor TR32
conducts. This brings the first transistor TR31 out of con-
duction to deenergize the EL element 50 and complete
luminescence of the element 50. The first ramp voltage
RAMP1 rises upon completion of the luminescence pe-
riod, and the potential at point B rises with this voltage.
Subsequently, the second ramp voltage RAMP2 rises
to bring the second transistor TR32 out of conduction.
[0153] With the pixel 51 described, the luminescence
period of the EL element 50 remains the same in length
in proportion to the data voltage despite variations in the
threshold values of the first and second transistors
TR31, TR32. Thus, the duration of energization of the
EL element 50 is in proportion to the value of the data
voltage, hence no likelihood of display irregularities.
[0154] Furthermore, the first transistor TR31 is posi-
tioned on the power supply line 6 in series therewith for
energizing or deenergizing the EL element 50, so that
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that the current from the power source Vpp flows only
through the supply line 6. The flow of useless current is
therefore avoidable. Even if temperature variations or
variations with time of the organic EL element 50 vary
or shift the organic EL characteristics, the quantity of
luminescence remains unaltered because the potential
at point C after scanning is fed back to the duration of
energization of the organic EL element 50.

25th Embodiment

[0155] This embodiment corresponds to the 12th em-
bodiment of FIG. 24 from which the second transistor
TR32 is omitted. With reference to FIG. 48, each pixel
51 has a write transistor TR1 and a drive transistor TR30
each of which is an n-channel transistor, and a capacitor
C1 to be impressed with data voltage by the conduction
of the write transistor TR1. The capacitor C1 is provided
between point A connected to the drain of the write tran-
sistor TR1 and a ramp voltage supply line. Point A is
connected to the gate of the drive transistor TR30. Scan-
ning voltage SCAN is applied to the gate of the write
transistor TR1. The drive transistor TR30 is provided on
a power supply line 55 in series therewith, and is brought
into conduction upon the difference between the gate
voltage thereof and the high-potential terminal voltage
(voltage at point B) of the EL element 50 exceeding a
predetermined threshold value Vth.

[0156] When the write transistor TR1 is brought into
conduction by the application of scanning voltage SCAN
in the scanning period, the potential at point A is set for
the data voltage as shown in FIG. 49, whereby the ca-
pacitor C1 is charged.

[0157] When the ramp voltage RAMP gradually rises
subsequently in the luminescence period, the voltage at
point A also gradually rises with the ramp voltage at the
same rate. Consequently, the difference between the
voltage at point B and the voltage at point A exceeds
the threshold value Vth of the drive transistor TR30,
whereupon the transistor TR30 conducts, permitting the
power supply Vpp to energize the EL element 50. This
increases the current flowing through the EL element 50
to cause luminescence of the element 50. Incidentally,
the potential at point B rises with an increase in the cur-
rent through the EL element 50.

[0158] When the ramp voltage thereafter drops to the
original level upon completion of the frame, potential at
point A also drops toward the original level, whereby the
drive transistor TR30 is brought out of conduction. Con-
sequently, the passage of current from the power source
Vpp to the EL element 50 is discontinued to stop the
luminescence of the element 50.

[0159] With the circuit construction of the pixel 51 de-
scribed above, the time to start luminescence is control-
led in accordance with the data voltage by the drive tran-
sistor TR30. However, the time to complete lumines-
cence is fixed at the frame completion time. It is there-
fore likely that the duration of energization of the EL el-
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ement 50 becomes no longer proportional to the value
of data voltage, possibly permitting display irregularities
if the characteristics of the drive transistor TR30 involve
variations.

[0160] However, for example, by passing a very small
current through the drive transistor TR30 in the pixel 51
of FIG, 48, an inversely proportional relationship will be
realized between the threshold value Vth of the drive
transistor TR30 and the potential at point B, namely,
such relationship that if the threshold value Vth of the
drive transistor TR30 increases, the potential at point B
drops, whereas if the threshold value Vth decreases, the
potential rises. Even if the threshold value Vth of the
drive transistor TR30 involves variations as indicated by
the broken lines in FIG. 49, almost no difference will then
occur in the time for the difference between the voltage
at point B and the voltage at point A to exceed the
threshold value Vth of the drive transistor TR30, insofar
as the data voltage is at the same level. Consequently,
despite variations in the characteristics of the drive tran-
sistor TR30, the duration of energization of the organic
EL element 50 is in proportion to the magnitude of data
voltage. This eliminates the likelihood of display irregu-
larities.

[0161] Although embodiments have been described
above with reference to the case wherein the display
element is a current drive element, a voltage drive ele-
ment is usable in place of the current drive element. The
drive transistor TR2 in the first to ninth embodiments can
then be dispensed with. Further the capacitors C2, C3,
C12 and C22 can be dispensed with if the parasitic ca-
pacitances or wiring capacitances of transistors are us-
able instead. Further in the first to fifth embodiments,
the timing for or duration of application of the reset signal
is determined as desired insofar as the signal is used
during a period other than the luminescence period.
[0162] The ramp voltage need not always have a
waveform showing a uniform rate of gradual increase or
gradual decrease over the entire luminescence period
as shown in FIG. 50, (a), (b), (c). For example in the 12th
embodiment shown in FIGS. 24 to 27 or in the 18th to
23rd embodiments shown in FIGS. 36 to 45, it is possi-
ble to use a voltage waveform representing a gradual
increase or gradual decrease in the first half of the lu-
minescence period and a constant value in the second
half of the luminescence period.

Claims

1. Adisplay device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, each of the pixels
of the display panel having a display element lumi-
nescent when supplied with electric power, and a
control circuit for controlling the luminescence peri-
od of the display element within 1 frame period in
accordance with data voltage to be supplied from
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outside, the display device being characterized in
that the control circuit of each pixel of the display
panel comprises a first control element for starting
to energize the display element and a second con-
trol element for deenergizing the display element.

A display device of the active matrix drive type ac-
cording to claim 1 wherein a voltage gradually in-
creasing or gradually decreasing during at least a
portion of 1 frame period is applied to a control ter-
minal of each of the first control element and the
second control element, whereby the operation of
each control element is controlled.

A display device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, and a scanning
driver and a data driver which are connected to the
display panel,

the display device being characterized in
that each of the pixels of the display panel compris-
es a display element luminescent when supplied
with current or voltage, a write element to be
brought into conduction when impressed with scan-
ning voltage from the scanning driver, voltage hold-
ing means to be impressed with data voltage from
the data driver by the conduction of the write ele-
ment for holding the data voltage, a drive element
for energizing or deenergizing the display element
in response to the input of an on/off control signal,
an on-control element for turning on the drive ele-
ment, an off-control element for turning off the drive
element, and control means for controlling the tim-
ing of the on-operation of the on-control element or
the off-operation of the off-control element in ac-
cordance with the output voltage of the voltage
holding means.

A display device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, and a scanning
driver and a data driver which are connected to the
display panel,

the display device being characterized in
that each of the pixels of the display panel compris-
es a display element luminescent when supplied
with current or voltage, a write element to be
brought into conduction when impressed with scan-
ning voltage from the scanning driver, voltage hold-
ing means to be impressed with data voltage from
the data driver by the conduction of the write ele-
ment for holding the data voltage, a drive element
for energizing or deenergizing the display element
in response to the input of an on/off control signal
and an off-control element for turning off the drive
element, the pixels being divided into pixel groups
each comprising pixels adjacent to one another and
each having an on-control element for turning on
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the drive element of each of the pixels of the group,
and control means for controlling the timing of the
off-operation of the off-control element in accord-
ance with the output voltage of the voltage holding
means of each pixel.

A display device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, and a scanning
driver and a data driver which are connected to the
display panel,

the display device being characterized in
that each of the pixels of the display panel compris-
es a display element luminescent when supplied
with current or voltage, a write element to be
brought into conduction when impressed with scan-
ning voltage from the scanning driver, voltage hold-
ing means to be impressed with data voltage from
the data driver by the conduction of the write ele-
ment for holding the data voltage, a drive element
for energizing or deenergizing the display element
in response to the input of an on/off control signal
and an on-control element for turning on the drive
element, the pixels being divided into pixel groups
each comprising pixels adjacent to one another and
each having an off-control element for turning off
the drive element of each of the pixels of the group,
and control means for controlling the timing of the
on-operation of the on-control element in accord-
ance with the output voltage of the voltage holding
means of each pixel.

A display device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, and a scanning
driver and a data driver which are connected to the
display panel, the display device being character-
ized in that each of the pixels of the display panel
comprises:

a display element luminescent when supplied
with current or voltage,

a write element to be brought into conduction
when impressed with scanning voltage from the
scanning driver,

voltage holding means to be impressed with da-
ta voltage from the data driver by the conduc-
tion of the write element for holding the data
voltage,

a drive element for energizing or deenergizing
the display element in response to the input of
an on/off control signal, and

pulse-width modulation control means for on/
off-controlling the drive element by pulse-width-
modulating the output voltage of the voltage
holding means with ramp voltage having a pre-
determined rate of variation, the pulse-width
modulation control means comprising an on-
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control element for turning on the drive ele-
ment, and an off-control element for turning off
the drive element.

A display device of the active matrix drive type ac-
cording to claim 6 wherein the on-control element
operates when impressed with a voltage in accord-
ance with the ramp voltage to turn on the drive ele-
ment, and the off-control element operates when
impressed with a voltage in accordance with the
sum of the data voltage and the ramp voltage to turn
off the drive element.

A display device of the active matrix drive type ac-
cording to claim 6 wherein the on-control element
operates when impressed with a voltage in accord-
ance with the value of sum of the data voltage and
the ramp voltage to turn on the drive element, and
the off-control element operates when impressed
with a voltage in accordance with the value of the
ramp voltage to turn off the drive element.

A display device of the active matrix drive type ac-
cording to claim 3 wherein a signal line connecting
a power source of high potential for supplying the
current to the display element to a power source of
a low potential serving as an operation reference
for the on-control element and the off-control ele-
ment has an element provided thereon for blocking
the current flowing from the power source of high
potential to the power source of low potential.

A display device of the active matrix drive type ac-
cording to claim 3 wherein each of the pixels of the
display panel comprises a current program circuit
for programming the current to be passed through
the display element.

A display device of the active matrix drive type ac-
cording to claim 1 wherein the first control element
is provided on and connected in series with a power
supply line extending from a power source for sup-
plying the electric power to the display element, is
turned on when starting to energize the display el-
ement and starts to energize the display element,
and the second control element is turned on when
deenergizing the display element and turns off the
first control element to thereby deenergize the dis-
play element.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write element
to be brought into conduction when impressed with
scanning voltage, voltage holding means to be im-
pressed with data voltage by the conduction of the
write element for holding the data voltage, and
pulse-width modulation control means for on/off-
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controlling the first control element and the second
control element by pulse-width-modulating the out-
put voltage of the voltage holding means with ramp
voltage having a predetermined rate of variation.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage and a capacitor to be impressed
with data voltage by the conduction of the write tran-
sistor for holding the data voltage, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage of the power source exceed-
ing a predetermined threshold value, the second
control element comprising a second transistor to
be brought into conduction upon the difference be-
tween the voltage to be applied to a gate thereof
and the power source voltage exceeding a prede-
termined threshold value to bring the first transistor
out of conduction, a voltage in accordance with the
sum of ramp voltage having a predetermined rate
of variation and the output voltage of the capacitor
is applied to the gate of the first transistor, and the
ramp voltage is applied to the gate of the second
transistor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage and a capacitor to be impressed
with data voltage by the conduction of the write tran-
sistor for holding the data voltage, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage of the power source or the
voltage at one terminal of the display element ex-
ceeding a predetermined threshold value, the sec-
ond control element comprising a second transistor
to be brought into conduction upon the difference
between the voltage to be applied to a gate thereof
and the power source voltage or the voltage at said
one terminal of the display element exceeding a
predetermined threshold value to bring the first tran-
sistor out of conduction, a voltage in accordance
with the sum of a first ramp voltage having a prede-
termined rate of variation and the output voltage of
the capacitor is applied to the gate of the first tran-
sistor, and a second ramp voltage having a prede-
termined rate of variation is applied to the gate of
the second transistor.
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A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage and a capacitor to be impressed
with data voltage by the conduction of the write tran-
sistor for holding the data voltage, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage at one terminal of the dis-
play element exceeding a predetermined threshold
value, the second control element comprising a
second transistor to be brought into conduction up-
on the difference between the voltage to be applied
to a gate thereof and the voltage at said one termi-
nal of the display element exceeding a predeter-
mined threshold value to bring the first transistor out
of conduction, a voltage in accordance with the sum
of ramp voltage having a predetermined rate of var-
iation and the output voltage of the capacitor is ap-
plied to the gate of the first transistor, and the ramp
voltage is applied to the gate of the second transis-
tor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage and a capacitor to be impressed
with data voltage by the conduction of the write tran-
sistor for holding the data voltage, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage at one terminal of the dis-
play element exceeding a predetermined threshold
value, the second control element comprising a
second transistor to be brought into conduction up-
on the difference between the voltage to be applied
to a gate thereof and a predetermined constant volt-
age exceeding a predetermined threshold value to
bring the first transistor out of conduction, a voltage
in accordance with the sum of ramp voltage having
a predetermined rate of variation and the output
voltage of the capacitor is applied to the gate of the
first transistor, and the ramp voltage is applied to
the gate of the second transistor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a first signal line
for applying scanning voltage in the first half of 1
frame period and applying a first ramp voltage in the
second half of 1 frame period, and a second signal
line for applying data voltage in the first half of 1
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frame period and applying a second ramp voltage
in the second half of 1 frame period, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage of the power source exceed-
ing a predetermined threshold value, the second
control element comprising a second transistor to
be brought into conduction upon the difference be-
tween the voltage to be applied to a gate thereof
and a predetermined constant voltage exceeding a
predetermined threshold value to bring the first tran-
sistor out of conduction, the second signal line be-
ing connected to the gate of the first transistor via
a capacitor, the first signal line being connected to
the gate of the second transistor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a first signal line
for applying scanning voltage in the first half of 1
frame period and applying a first ramp voltage in the
second half of 1 frame period, and a second signal
line for applying data voltage in the first half of 1
frame period and applying a second ramp voltage
in the second half of 1 frame period, the first control
element comprising a first transistor provided on
and connected in series with the power supply line
and to be brought into conduction upon the differ-
ence between the voltage to be applied to a gate
thereof and the voltage at one terminal of the dis-
play element exceeding a predetermined threshold
value, the second control element comprising a
second transistor to be brought into conduction up-
on the difference between the voltage to be applied
to a gate thereof and a predetermined constant volt-
age exceeding a predetermined threshold value to
bring the first transistor out of conduction, the sec-
ond signal line being connected to the gate of the
first transistor via a capacitor, the first signal line be-
ing connected to the gate of the second transistor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage, a first capacitor to be impressed
with data voltage by the conduction of the write tran-
sistor for holding the data voltage, a first transistor
serving as the first control element and to be
brought into conduction upon the difference be-
tween the voltage to be applied to a gate thereof
and the voltage of the power source exceeding a
predetermined threshold value, a second transistor
serving as the second control element and to be
brought into conduction upon the difference be-
tween the voltage to be applied to a gate thereof
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and the power source voltage exceeding a prede-
termined threshold value to bring the first transistor
out of conduction, and a third transistor to be
brought into conduction when impressed with the
scanning voltage to apply the power source voltage
to the gate of the first transistor, a voltage in accord-
ance with ramp voltage having a predetermined
rate of variation is applied to the gate of the first tran-
sistor, and a voltage in accordance with the sum of
the ramp voltage and the output voltage of the first
capacitor is applied to the gate of the second tran-
sistor, the gate of the first transistor being connect-
ed via a second capacitor to a signal line for apply-
ing the ramp voltage thereto.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has luminescence
period adjusting means for adjusting the lumines-
cence period of the display element by controlling
the time to turn on the first control element in ac-
cordance with the voltage at one of terminals of the
display element at the time when the luminescence
is started or the time to turn on the second control
element.

A display device of the active matrix drive type ac-
cording to claim 20 wherein the luminescence peri-
od adjusting means lengthens the luminescence
period of the display element when the voltage
across the terminals of the display element increas-
es at the time when the luminescence is started,
and shortens the luminescence period of the dis-
play element when the voltage across the terminals
diminishes.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage to pass data voltage there-
through, a first transistor serving as the first control
element and to be brought into conduction upon the
difference between the voltage to be applied to a
gate thereof and the voltage at one terminal of the
display element exceeding a predetermined thresh-
old value, a second transistor serving as the second
control element and to be brought into conduction
upon the difference between the voltage to be ap-
plied to a gate thereof and the voltage at said one
terminal of the display element exceeding a prede-
termined threshold value to bring the first transistor
out of conduction, a capacitor interposed between
the write transistor and the first transistor, and volt-
age control means for preventing the voltage at a
terminal of the capacitor positioned closer to the first
transistor from dropping below a predetermined po-
tential, a voltage in accordance with the difference
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between a first ramp voltage and the data voltage
is applied to the gate of the first transistor, and a
second ramp voltage is applied to the gate of the
second transistor.

A display device of the active matrix drive type ac-
cording to claim 22 wherein the voltage control
means comprises a third transistor to be brought in-
to conduction when impressed with reset voltage to
connect the terminal of the capacitor positioned
closer to the first transistor to a power source having
a voltage between the voltage of the power source
to be applied to said one terminal of the display el-
ement and the luminescence starting voltage of the
display element.

A display device of the active matrix drive type ac-
cording to claim 22 wherein the voltage control
means comprises a diode connected to the terminal
of the capacitor positioned closer to the first transis-
tor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage to pass data voltage there-
through, a first transistor serving as the first control
element and to be brought into conduction upon the
difference between the voltage to be applied to a
gate thereof and the voltage at one terminal of the
display element exceeding a predetermined thresh-
old value, a second transistor serving as the second
control element and to be brought into conduction
upon the difference between the voltage to be ap-
plied to a gate thereof and the voltage at said one
terminal of the display element exceeding a prede-
termined threshold value to bring the first transistor
out of conduction, and a capacitor interposed be-
tween the write transistor and the first transistor, a
voltage in accordance with the difference between
a first ramp voltage and the data voltage is applied
to the gate of the first transistor, and a second ramp
voltage is applied to the gate of the second transis-
tor, the display element having a greater capaci-
tance value than the capacitor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a first transistor
serving as the first control element and to be
brought into conduction upon the difference be-
tween the voltage to be applied to a gate thereof
and the voltage at one terminal of the display ele-
ment exceeding a predetermined threshold value,
a second transistor serving as the second control
element and to be brought into conduction upon the
difference between the voltage to be applied to a
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gate thereof and the voltage at said one terminal of
the display element exceeding a predetermined
threshold value to bring the first transistor out of
conduction, a capacitor having one terminal con-
nected to a data voltage supply line and the other
terminal connected to the second transistor, a third
transistor to be brought into conduction only during
the luminescence period within 1 frame to supply
the voltage of the power source to the first transistor,
and a fourth transistor to be brought into conduction
when impressed with a reset signal to connect said
other terminal of the capacitor to the power source,
avoltage in accordance with the difference between
a first ramp voltage and data voltage is applied to
the gate of the first transistor, and a second ramp
voltage is applied to the gate of the second transis-
tor.

A display device of the active matrix drive type ac-
cording to claim 11 wherein the control circuit of
each pixel of the display panel has a write transistor
to be brought into conduction when impressed with
scanning voltage to pass data voltage there-
through, a first transistor serving as the first control
element and to be brought into conduction upon the
difference between the voltage to be applied to a
gate thereof and the voltage of the power source
exceeding a predetermined threshold value, a sec-
ond transistor serving as the second control ele-
ment and to be brought into conduction upon the
difference between the voltage to be applied to a
gate thereof and the power source voltage exceed-
ing a predetermined threshold value to bring the first
transistor out of conduction, a capacitor having one
end connected to an output end of the write transis-
tor, a third transistor to be brought into conduction
when impressed with the scanning voltage to con-
nect the other end of the capacitor to one end of the
display element, and a fourth transistor to be
brought into conduction during the luminescence
period to apply a first ramp voltage to said other end
of the capacitor, said one end of the capacitor being
connected to the gate of the first transistor, a line
for supplying a second ramp voltage being connect-
ed to the gate of the second transistor.

A display device of the active matrix drive type com-
prising a display panel having a plurality of pixels
arranged in the form of a matrix, each of the pixels
of the display panel having a display element lumi-
nescent when supplied with electric power, and a
control circuit for controlling the luminescence peri-
od of the display element within 1 frame period in
accordance with data voltage to be supplied from
outside,

the display device being characterized in
that the control circuit of each pixel of the display
panel has a write transistor to be brought into con-
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duction when impressed with scanning voltage, a
capacitor to be impressed with data voltage by the
conduction of the write transistor for holding the da-
ta voltage, and a drive transistor provided on and
connected in series with a power supply line for sup-
plying the electric power to the display element and
to be brought into conduction upon the difference
between the voltage to be applied to a gate thereof
and the voltage at one terminal of the display ele-
ment exceeding a predetermined threshold value,
and that a voltage in accordance with the sum of
ramp voltage having a predetermined rate of varia-
tion and the output voltage of the capacitor is ap-
plied to the gate of the drive transistor.
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