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Description
TECHNICAL FIELD

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

BACKGROUND ART

[0002] Progress has been made in developing organic
electroluminescence displays (hereinafter referred to as
"organic LED displays") in recent years. Use of organic
LED displays, for example, in portable telephones is un-
der study.

[0003] FIGS. 33 and 34 show an organic LED display
1, whichis fabricated by forming an organic hole transport
layer 15 and an organic electron transport layer 16 on
opposite sides of an organic luminescent layer 14 to pro-
vide an organic layer 13 on a glass substrate 11, and
forming anodes 12 and cathodes 17 on opposite sides
of the organic layer 13. The organic luminescent layer
14 is caused to luminesce by applying a predetermined
voltage across the anode 12 and the cathode 17.
[0004] The anodes 12 are made from transparent ITO
(indiumtin oxide), and the cathodes 17, for example, from
an Al-Li alloy. The electrodes of each type are prepared
in the form of stripes to intersect those of the other type
in the form of a matrix. The anodes 12 are used as data
electrodes, and the cathodes 17 as scanning electrodes.
With one of horizontally extending scanning electrodes
selected, voltage in accordance with input data is applied
to data electrodes extending perpendicular to the scan-
ning electrode, whereby the organic layer 13 is caused
to luminesce at the intersections of the scanning elec-
trode and the data electrodes to give a display of one
line. The scanning electrodes are changed over one after
anther in the perpendicular direction to scan the matrix
in the perpendicular direction to give a display of one
frame.

[0005] The methods of driving such organic LED dis-
plays include the passive matrix driving method wherein
the scanning electrodes and the data electrodes are used
for time division driving, and the active matrix driving
method wherein each pixel is held luminescent for one
vertical scanning period. The organic LED display of the
active matrix drive type will be described with reference
to FIG. 4. Each pixel 52 is provided with an organic EL
element 50 comprising a portion of organic layer, a drive
transistor TR2 for controlling the passage of current
through the EL element 50, a write transistor TR1 which
is brought into conduction in response to the application
of scanning voltage SCAN by a scanning electrode and
a capacitance element C in which charge is stored by
the application of data voltage DATA from a data elec-
trode when the write transistor TR1 is in conduction.
The capacitance element C applies an output voltage to
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the gate of the drive transistor TR2.

[0006] First, voltage is applied to the scanning elec-
trodes one after another, and a plurality of first transistors
TR1 connected to the same scanning electrode are
brought into conduction. Data voltage (input signal) is
applied to each data electrode as timed with this scan-
ning. Since the first transistor TR1 is in conduction, the
data voltage is stored in the capacitance element C.
[0007] The operating state of the second transistor
TR2 depends on the amount of charge of data voltage
stored in the capacitance element C. For example when
the second transistor TR2 conducts, current of a magni-
tude corresponding to the data voltage is supplied to the
EL element 50 via the transistor TR2. Consequently, the
EL element 50 luminesces with a brightness in accord-
ance with the data voltage. This luminescent state is
maintained over one vertical scanning period.

[0008] Withthe organic LED display of the analog drive
type, current of a magnitude corresponding to the data
voltage is supplied to the EL element 50 to turn on the
EL element 50 with a brightness corresponding to the
data voltage as described above. On the other hand, or-
ganic LED displays of the digital drive type have been
proposed in which a multi-level gradation is produced by
supplying to an organic EL element 50 a pulse current
having a duty ratio in accordance with the data voltage
(e.g., JP-A N0.312173/1998).

[0009] With organic LED displays of the digital drive
type, one field (or one frame) which is the display cycle
of one frame is divided into a plurality of (N) subfields (or
subframes) SF, and each subfield SF comprises a scan-
ning period and a luminescence period. The scanning
periods included in one field all have the same length,
but the luminescence periods have varying lengths each
equal tonth powerof2(n=0, 1, 2, ... N-1). Intheillustrated
case (N=4), the four luminescence periods have respec-
tive lengths of 8, 4, 2, 1, and on-off control of lumines-
cence period realizes expression of a 16-level gradation.
[0010] In subfield driving described, scanning voltage
is applied to a write transistor TR1 providing each pixel
53 as shown in FIG. 5, within the scanning period in each
subfield SF to write binary data to a capacitance element
C, and a drive transistor TR2 supplies current corre-
sponding to the binary data to an organic EL element 50
during the subsequent luminescence period. In subfield
driving, the line for supplying current to the drive transistor
TR2 constituting each pixel 53 is provided with an on/off
switch SW as shown in FIG. 5, whereby the EL elements
50 of the pixels can be made simultaneous with respect
to the same luminescence starting time and lumines-
cence termination time in the subfield.

[0011] With the organic LED display using the subfield
driving method described, all horizontal scanning lines
of each of the subfields within one field must be scanned,
hence the problem of necessitating high-speed scanning
for a multi-level gradation or the problem of producing
quasi-contours.

[0012] Accordingly, an object of the present invention
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is to provide a display device of the digital drive type
which does not require high-speed scanning for produc-
ing a multi-level gradation and which will not permit gen-
eration of quasi-contours.

[0013] Document WO0019401 discloses an emissive
display having an array of pixels with each pixel including
a circuit for controlling the illumination of the pixel, to im-
prove the gradation of the display. The circuit includes a
first line for loading analog data into the circuit, a second
line for applying a threshold reference level to the circuit,
and a comparator for comparing the analog data with the
threshold reference level. The comparator has an enable
output, which is activated when the analog data level is
above the threshold reference level. Means are provided
for coupling the enable output to one of the pixels, such
that the pixel is illuminated when the enable output is
activated. The emissive display is loaded with the analog
data at anytime during a frame duration.

DISCLOSURE OF THE INVENTION

[0014] The presentinvention is in accordance with the
disclosure of independent claim 1 and corresponding de-
pendent claims.

[0015] With the display device of the digital drive type
according to the present invention described, a multi-lev-
el gradation can be realized by scanning all the horizontal
scan lines within the display cycle of one frame only once.
This obviates the necessity of resorting to high speed
scanning, further eliminating the likelihood of producing
quasi-contours.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a block diagram showing the construction
of an organic LED display device embodying the in-
vention.

FIG. 2 is a block diagram showing the construction
of another organic LED display device embodying
the invention.

FIG. 3 is a circuit diagram of each pixel constituting
the display panel of organic LED display device of
the invention.

FIG. 4 is a circuit diagram of each pixel constituting
a conventional organic LED display of the active ma-
trix drive type.

FIG. 5 is a circuit diagram of each pixel constituting
an organic LED display for which a subfield driving
method is used.

FIG. 6 is a diagram showing the timing of scanning
period and luminescence period in the prior art and
according to the invention, and various examples of
waveforms of ramp voltages according to the inven-
tion.

FIG. 7 is a diagram showing the timing of scanning
period and luminescence period according to the in-
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vention, and other examples of waveforms of ramp
voltages according to the invention.

FIG. 8 is a diagram showing the timing of scanning
period and luminescence period according to the in-
vention, and other examples of waveforms of ramp
voltages according to the invention.

FIG. 9 is a diagram showing the timing of scanning
period and luminescence period according to the in-
vention, and other examples of waveforms of ramp
voltages according to the invention.

FIG. 10 is a circuit diagram showing the specific con-
struction of a comparator.

FIG. 11 is a waveform diagram showing the opera-
tion of the comparator.

FIG. 12is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 13 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 14 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 15is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 16 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 17 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 18 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 19 is a waveform diagram showing the opera-
tion of the comparator.

FIG. 20 is a circuit diagram showing the specific con-
struction of another comparator.

FIG. 21 is a waveform diagram showing the opera-
tion of the comparator.

FIG. 22 is a diagram showing the specific construc-
tion of aramp voltage generating circuitincorporated
into the pixel.

FIG. 23 is a waveform diagram showing the opera-
tion of the ramp voltage generating circuit.

FIG. 24 is a diagram showing the specific construc-
tion of another ramp voltage generating circuit incor-
porated into the pixel.

FIG. 25 is a waveform diagram showing the opera-
tion of the ramp voltage generating circuit.

FIG. 26 is a diagram showing the specific construc-
tion of another ramp voltage generating circuit incor-
porated into the pixel.

FIG. 27 is a waveform diagram showing the opera-
tion of the ramp voltage generating circuit.

FIG. 28 is a circuit diagram of a pixel wherein the
level of ramp voltage is altered according to data
voltage.

FIG. 29 is a waveform diagram showing the opera-
tion of the circuit.

FIG. 30 is a block diagram showing the construction
of an organic LED display device wherein the phase
of ramp voltage is shifted every horizontal line.
FIG. 31 is a waveform diagram showing the opera-
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tion of the LED display device.

FIG. 32 is a diagram showing the timing of scanning
period and luminescence period according to the in-
vention, and other examples of waveforms of ramp
voltages according to the invention.

FIG. 33 is a diagram showing the layered structure
of an organic LED display of the passive matrix drive
type.

FIG. 34 is a perspective view partly broken away and
showing the LED display of the passive matrix drive

type.
BEST MODE OF CARRYING OUT THE INVENTION

[0017] The presentinvention as embodied into organic
LED display devices will be described below in detail with
reference to the drawings. FIG. 1 shows an organic LED
display device of the invention, which comprises a display
panel 5 provided by a plurality of pixels arranged in the
form of a matrix, and a scanning driver 3 and a data driver
4 which are connected to the display panel 5. A video
signal from a video source such as a TV receiver is fed
to a video signal processing circuit 6 for processing the
signal as required for video display, and video signals of
RGB three primary colors obtained are fed to the data
driver 4 of the organic LED display 2.

[0018] A horizontal synchronizing signal Hsync and a
vertical synchronizing signal Vsync obtained from the vid-
eo signal processing circuit 6 are fed to a timing signal
generating circuit 7, whereby a timing signal is obtained,
which is fed to the scanning driver 3 and the data driver
4. The timing signal obtained from the circuit 7 is fed also
to a ramp voltage generating circuit 8, whereby a ramp
voltage is produced for use in driving the display 2 as will
be described later. The ramp voltage is supplied to pixels
of the display panel 5. A power source circuit (not shown)
is connected to the circuits, drivers and display shown in
FIG. 1.

[0019] The display panel 5 comprises pixels 51 each
having the circuit construction shown in FIG. 3 and ar-
ranged in the form of a matrix. Each pixel 51 comprises
an organic EL element 50 provided by an organic layer,
adrive transistor TR2 for effecting or interrupting the pas-
sage of current through the EL element 50 in response
to the input of an on/off control signal to the gate, a write
transistor TR1 which is brought into conduction by the
application of a scanning voltage from the scanning driver
to the gate, a capacitance element C to be supplied with
a data voltage from the data driver by the write transistor
TR1 conducting, and a comparator 9 having a pair of
positive and negative input terminals to be supplied with
the ramp voltage from the ramp voltage generating circuit
and the output voltage of the capacitance element C for
comparing the two voltages. The output voltage of the
comparator 9 is fed to the gate of the drive transistor TR2.
[0020] The drive transistor TR2 has a source connect-
ed to a current supply line 54 and a drain connected to
the EL element 50. The data driver is connected to one
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electrode (e.g., source) of the write transistor TR1, the
other electrode (e.g., drain) of which has connected
thereto one end of the capacitance element C and an
inversion input terminal of the comparator 9. The output
terminal of the ramp voltage generating circuit 8 is con-
nected to a non-inversion input terminal of the compara-
tor 9.

[0021] With the organic LED display 2, one field period
is divided into a first half scanning period and a second
half luminescence period as shown in FIG. 6(b). During
the scanning period, the scanning driver applies a scan-
ning voltage to the write transistor TR1 constituting each
pixel 51 on each horizontal line, bringing the transistor
TR1 into conduction, whereby data voltage is applied to
the capacitance element C by the data driver to store the
voltage as a charge. As a result, data corresponding to
onefieldis setin all the pixels constituting the LED display
2.

[0022] As shown in FIG. 6(c), the ramp voltage gener-
ating circuit 8 maintains a high voltage value during the
first half scanning period of every field period and gen-
erates during the second half luminescence period there-
of aramp voltage linearly varying from alow voltage value
to a high voltage value. During the first half scanning
period, the high voltage from the ramp voltage generating
circuit 8 is applied to the non-inversion input terminal of
the comparator 9. This causes the comparator 9 to al-
ways deliver a high output as shown in FIG. 6(d) despite
the input voltage to the inversion input terminal thereof.
[0023] When the circuit 8 applies the ramp voltage to
the non-inversion input terminal of the comparator 9 in
the second half luminescence period, the output voltage
(data voltage) of the capacitance element C is simulta-
neously applied to the inversion input terminal of the com-
parator 9. This gives one of two values of high and low
as shown in FIG. 6(d) to the output of the comparator 9
in accordance with the result of comparison of the two
voltages. Stated more specifically, the output of the com-
parator is low while the ramp voltage is lower than the
data voltage, whereas the output of the comparator is
high while the ramp voltage is higher than the data volt-
age. Thelength of the period during which the comparator
outputis low is in proportion to the magnitude of the data
voltage.

[0024] Thus, the output of the comparator 9 is low dur-
ing a period proportional to the magnitude of the data
voltage, whereby the drive transistor TR2 is held on only
during this period, holding the EL element 50 on. Con-
sequently, the organic EL element 50 constituting each
pixel 51 providing the display panel 5 luminesces only
for a period proportional to the magnitude of the data
voltage for the pixels 51, within the period of one field,
whereby multi-level gradation can be realized.

[0025] The organic LED display device is adapted to
produce a multi-level gradation only by scanning once
within one field period as described above. This elimi-
nates the need for high speed scanning, further obviating
the likelihood of producing quasi-contours. Furthermore,
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the organic LED display device of the invention for which
the digital drive method is used is less prone to the influ-
ence of variations in the characteristics of drive transis-
tors TR2 while realizing low power consumption due to
a reduction in the power source voltage.

[0026] According to the embodiment described, the
curve of variations in the ramp voltage is a straight line
representing an increase but can be a desired curve so
as to adjust as desired the luminescence time of the or-
ganic EL element 50 relative to the magnitude of the data
voltage. For example as shown in FIG. 6(e), (1), required
gamma correction can be made by using a variation curve
involving consideration to gamma correction without us-
ing an additional gamma correction circuit.

[0027] FIG. 6(e), (2) shows a ramp voltage variation
curve which is reversely sloped. This makes it possible
to provide a luminescence period in the second half of
the ramp period. Further if the two inputs to the compa-
rator 9 are reversed in positive-negative relationship, the
ramp voltage may be reversed also in positive-negative
relationship as represented by FIG. 6(e), (3) or (4). When
the ramp voltage variation curve to be used is in the form
of a triangular wave extending from low to high and to
low again as represented by FIG. 6(e), (5), the organic
EL element 50 can be made to luminesce in the midpor-
tion of the ramp period.

[0028] With reference to FIG. 7(a), (b), the ramp volt-
age for the pixels arranged on odd-numbered lines in-
cluded in the horizontal or vertical lines in one field period
and the ramp voltage for the pixels arranged on even-
numbered lines included in the above lines are altered
along variation lines having respective variation rates
which are opposite in positive-negative relationship,
whereby the luminescence period of organic EL elements
of the pixels on the odd-numbered lines and the lumines-
cence period of organic EL elements of the pixels on the
even-numbered lines can be shifted from each other.
This makes it possible to disperse, with respect to time,
the total quantity of current to be passed through the EL
elements forming one providing one frame.

[0029] Furtheras showninFIG. 7(c), the ramp voltage
for the pixels arranged on the lines of one color (e.g., G)
among the three primary colors of RGB and the ramp
voltage for the pixels on the lines of the other two colors
(e.g., R and B) are altered along variation lines having
respective variation rates which are opposite in positive-
negative relationship. This makes it possible to disperse,
with respect to time, the total quantity of current to be
passed through the EL elements providing one frame as
in the above case.

[0030] Further as shown in FIG. 8(a), (b), one field pe-
riod for the pixels arranged on the odd-numbered lines
included in the horizontal or vertical lines constituting one
frame and one field period for the pixels arranged on the
even-numbered lines included in the above lines are
shifted from each other by 1/2 of the cycle, whereby the
luminescence period for the pixels arranged on the odd-
numbered lines and the luminescence period for the pix-
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els arranged on the even-numbered lines can be shifted
from each other by 1/2 the cycle. This makes it possible
to disperse, with respect to time, the total quantity of cur-
rent to be passed through the EL elements providing one
frame. The scanning speed also can then be decreased.
[0031] Furtheras seenin FIG. 32(a), (b), the scanning
period, as well as the luminescence period, can be made
to differ from RGB color to color. This makes it possible
to disperse the quantity of current and to alter the ramp
voltage from RGB color to color.

[0032] Further as shown in FIG. 9(a), (b), the variation
rate (slope) of the ramp voltage for the pixels arranged
on the lines of the three primary colors RGB can be al-
tered from color to color to thereby alter the proportion
of the luminescence period from color to color relative to
the data voltage. White balance is then adjustable. In this
case, an R ramp voltage generating circuit 81, a G ramp
voltage generating circuit 82 and a B ramp voltage gen-
erating circuit 83 are provided for the respective lines of
three primary colors as shown in FIG. 2.

[0033] FIG. 10 shows the construction of the compa-
rator 9 in detail. As illustrated, the comparator 9 compris-
es a plurality of transistors TR3 to TR7. A constant volt-
age is applied to the gate of the transistor TR3 via a con-
stant voltage supply line CONST for this transistor to
serve as a constant current source. A capacitor C applies
an output voltage (data voltage) to the gate of the tran-
sistor TR4. Ramp voltage is applied to the gate of the
transistor TR5. The transistors TR6 and TR7 each serve
the function of a resistor. When the data voltage is higher
than the ramp voltage, current flows through the transis-
tor TR4 for the comparatorto deliver a high output, where-
as if the ramp voltage is higher than the data voltage,
current flows through the transistor TR5, causing the
comparator to deliver a low output.

[0034] With the comparator 9 described, the data volt-
age alters within the scanning period as shown in FIG.
11, and the ramp voltage thereafter gradually increases
within the luminescence period to exceed the data volt-
age. This changes the comparator output from high to
low to bring the drive transistor TR2 into conduction and
pass current through the organic EL element 50.
[0035] FIG. 12 shows a comparator 9, which has the
construction shown in FIG. 10 from which one of the re-
sistance components, i.e., transistor TR6, is omitted.
Similarly with this comparator 9, the comparator output
changes from high to low when the ramp voltage is in
excess of the data voltage, causing the drive transistor
TR2 to conduct and passing current through the organic
EL element 50.

[0036] FIG. 13 shows another comparator 9, wherein
the pair of transistors TR6, TR7 shown in FIG. 10 and
serving as resistance components are connected in a
different manner as illustrated. This comparator 9 also
performs the same function.

[0037] FIG. 14 shows another comparator 9, wherein
the arrangement shown in FIG. 10 of the transistor TR3
serving as a constant voltage source and the pair of tran-
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sistors TR6, TR7 serving as resistance components is
reversed with respect to the positive-negative relation-
ship. A transistor TR3' serving as a constant current
source is provided at the positive side, and transistors
TR6’, TR7’ serving as resistors are arranged at the neg-
ative side. In corresponding relationship with this modi-
fication, a pair of transistors TR4’, TR5’ for comparing
voltages are of the p-channel type, and the transistors
TR6’, TR7’ serving as resistors are of the n-channel type.
[0038] FIG. 15 shows a comparator 9, which corre-
sponds to the arrangement shown in FIG. 14 from which
the drive transistor TR2 is removed and in which the or-
ganic EL element 50 is connected to the drain of the
transistor TR5’ in the pair of transistors TR4’, TR5’ so as
to on/off-control the flow of current through the EL ele-
ment 50 by the transistor TR5'.

[0039] FIG. 16 shows a comparator 9, in which the
transistor TR3 shownin FIG. 10 and serving as a constant
current source is provided at the positive side. With this
modification, a transistor TR3’ of the p-channel type is
used. FIG. 17 shows another comparator 9, wherein tran-
sistors of the depletion type are used as the pair of tran-
sistors TR6, TR7 serving as resistance components.
[0040] FIG. 18 shows a comparator 9, which has tran-
sistors TR8, TR9 for effecting or interrupting lumines-
cence, and a transistor TR10 of the depletion type serving
as a resistance component. Data voltage is applied to
the gate of the transistor TR8 for effecting luminescence,
and ramp voltage to the source thereof. A voltage source
Vcc is connected via the transistor TR10 to the drain
thereof. A constant d.c. voltage DC is applied to the gate
of the transistor TR9 for interrupting luminescence, ramp
voltage to the source thereof, and data voltage to the
drain thereof.

[0041] WithreferencetoFIG. 19, the data voltage (volt-
age at point A) alters during the scanning period, the
ramp voltage thereafter drops during the luminescence
period, and the difference between these voltages in-
creases. When the difference exceeds a threshold level
Vth between the gate of the luminescence effecting tran-
sistor TR8 and the source thereof, the transistor TR8
conducts, and the gate voltage (voltage at point B) of the
drive transistor TR2 decreases, whereby the transistor
TR2 is brought into conduction, passing current through
the organic EL element 50 to start luminescence.
[0042] The ramp voltage thereafter further decreases
to produce an increased difference between the ramp
voltage and d.c. voltage DC. When the difference ex-
ceeds a threshold level Vth between the gate of the lu-
minescence interrupting transistor TR9 and the source
thereof, this transistor TR9 conducts to reduce the gate-
source potential difference of the luminescence effecting
transistor TR8. This brings the transistor TR8 out of con-
duction, raising the gate voltage (voltage at point B) of
the drive transistor TR2. Consequently, the drive transis-
tor TR2 s turned off to deenergize the organic EL element
50 to complete luminescence.

[0043] The luminescence effecting transistor TR8 and

10

15

20

25

30

35

40

45

50

55

the luminescence interrupting transistor TR9 are used in
the comparator 9 described, so that even if the gate-
source threshold level Vth of these transistors varies from
pixel to pixel, the luminescence effecting timing and the
luminescence interrupting timing similarly shift as shown
in FIG. 19 if the two transistors within the pixel have the
same threshold level Vth, hence no variations in the lu-
minescence period.

[0044] FIG. 20 shows another comparator 9, which
corresponds to the comparator shown in FIG. 18 wherein
a pair of transistors TR11, TR12 for on/off-controlling the
gate voltage are provided between point B and the drive
transistor TR2. The d.c. voltage DC and ramp voltage
are in reversed positive-negative relationship to FIG. 18,
and in accordance with this modification, transistors
TR8’, TRY’, TR10’ used are of the p-channel type. When
the potential at point B exceeds a threshold value, the
transistor TR11 for turning on the gate voltage conducts
to reduce the potential at point C to zero, while when the
potential at point B drops below the threshold value, the
transistor TR12 for turning off the gate voltage conducts
to change the potential at point C to a high value.
[0045] WithreferencetoFIG. 21, the data voltage (volt-
age at point A) alters during the scanning period, the
ramp voltage thereafter rises during the luminescence
period, and the difference between these voltages in-
creases. When the difference exceeds a threshold level
Vth between the gate of the luminescence effecting tran-
sistor TR8’ and the source thereof, the transistor TR8’
conducts. This raises the voltage at point B, bringing the
transistor TR11 for turning on the gate voltage into con-
duction to decrease the potential at point C to alow value.
Consequently, the drive transistor TR2 is brought into
conduction, passing current through the organic EL ele-
ment 50 to start luminescence.

[0046] The ramp voltage thereafter further increases
to produce an increased difference between the ramp
voltage and d.c. voltage DC. When the difference ex-
ceeds a threshold level Vth between the gate of the lu-
minescence interrupting transistor TR9’ and the source
thereof, this transistor TR9’ conducts to reduce the gate-
source potential difference of the luminescence effecting
transistor TR8'. This brings the transistor TR8’ out of con-
duction, reducing the voltage at point B. The transistor
TR12 for turning off the gate voltage conducts to give a
high potential at point C. Consequently, the drive tran-
sistor TR2 is turned off to deenergize the organic EL el-
ement 50 to complete luminescence.

[0047] Theluminescence effecting transistor TR8’ and
the luminescence interrupting transistor TR9’ are used
in the comparator 9 described, so that even if the gate-
source threshold level Vth of these transistors varies from
pixel to pixel, no variations occur in the luminescence
period as shown in FIG. 21 provided that the two tran-
sistors within the pixel have the same threshold level Vth.
Since the gate voltage (voltage at point C) of the drive
transistor TR2 is held at a definite value during the lumi-
nescence period, the drive transistor TR2 is operable with
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high reliability.

[0048] According to the foregoing embodiments, the
ramp voltage is supplied from the ramp voltage generat-
ing circuit 8 which is provided externally of the organic
LED display 2, whereas the ramp voltage can be gener-
ated inside each of the pixels constituting the display 2.
For example, FIG. 22 shows a ramp voltage generating
circuit 80, which comprises a transistor TR13 to be turned
on/off with switching pulses SW, a capacitor C1 charge-
able by the conduction of the transistor TR13, and a tran-
sistor TR14 of the depletion type performing the function
of a discharging resistor. The voltage discharged from
the capacitor C1 is applied to the positive terminal of the
comparator as the ramp voltage.

[0049] With reference to FIG. 23, switching pulses SW
change from high to low within the luminescence period.
The transistor TR13 conducts while SW is high to charge
the capacitor C1, and the transistor TR13 is brought out
of conduction while SW is low to discharge the capacitor
C1. The voltage of the capacitor C1 gradually drops with
discharging, and the voltage to be applied to the positive
terminal of the comparator 9 serves as the ramp voltage
as shown in FIG. 23.

[0050] FIG. 24 shows aramp voltage generating circuit
80 wherein the transistor TR13 shown in FIG. 22 is trans-
ferred from the positive power source side to the negative
power source side. The voltage discharged from a ca-
pacitor C1 is applied to the positive terminal of a compa-
rator as the ramp voltage. Switching pulses SW change
from high to low during the luminescence period as
shown in FIG. 25. While the pulses SW are high, the
transistor TR13 conducts to charge the capacitor C1.
While SW is low, the transistor TR13 is turned off to dis-
charge the capacitor C1. The voltage of the capacitor C1
gradually drops with discharging, and the voltage to be
applied tothe positive terminal of the comparator 9 serves
as the ramp voltage as shown in FIG. 25.

[0051] FIG. 26 shows aramp voltage generating circuit
80, which corresponds to the circuit 80 of FIG. 22 wherein
atransistor TR15is connected in series with the transistor
TR14 of the depletion type. Second switching pulses
SW2 are supplied to the gate of the transistor TR15. First
switching pulses SW1 change from low to high during
the scanning period as seen in FIG. 27. While SW1 is
high, the transistor TR13 conducts to charge the capac-
itor C1, and while SW1 is low, the transistor TR13 is
turned off to discharge the capacitor C1.

[0052] Second switching pulses SW2 change from low
to high during the luminescence period. While SW2 is
low, the transistor TR15 is turned off, preventing current
from flowing through the transistor TR14 serving as a
resistance element. While SW2 is high, the transistor
TR15 conducts, permitting current to flow through the
transistor TR14 serving as the resistance element. Thus,
no current flows through the transistor TR14 during the
scanning period. This results in reduced power consump-
tion.

[0053] According to the foregoing embodiments, the
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ramp voltage is applied to the positive terminal of the
comparator 9. However, the luminescence period is con-
trollable by applying a constant voltage to the positive
terminal while applying a ramp voltage, altered in level
in accordance with the data voltage, to the negative ter-
minal of the comparator 9.

[0054] For example, FIG. 28 shows an arrangement
which can be used and in which the output terminal of a
capacitor C has connected thereto a transistor TR17 of
the depletion type serving as a resistance element, via
a transistor TR16 to be on/off-controlled with switching
pulses SW. With this arrangement, switching pulses SW
are low during the scanning period or high during the
luminescence period. While SW is low, the transistor
TR16 is out of conduction, permitting charging of the ca-
pacitor C. While SW is high, the transistor TR16 con-
ducts, causing the transistor TR17 serving as a resist-
ance element to discharge the capacitor C.

[0055] As shownin FIG. 29, therefore, the voltage ap-
plied to the negative terminal of the comparator 9 during
the scanning period has its level altered in accordance
with the data voltage. The data voltage gradually de-
creases during the discharging process of the capacity
C following a change of SW from low to high.

[0056] The output of the comparator 9 is low, when the
voltage of the negative terminal is in excess of the voltage
of the positive terminal, bringing the drive transistor TR2
into conduction to pass current through the organic EL
element 50. Subsequently when the voltage of the neg-
ative terminal drops below the voltage of the positive ter-
minal, the output of the comparator 9 becomes high to
turn off the drive transistor TR2 and block the current to
be passed through the EL element 50. As a result, the
luminescence period of the EL element 50 varies in cor-
responding relationship with the magnitude of the data
voltage.

[0057] In the embodiments of FIGS. 6 and 7, data is
written within the first half scanning period, and lumines-
cence is thereafter controlled in the second half lumines-
cence period according to the data, for all the pixels con-
stituting the organic LED display 2. Scanning must there-
fore be done at a somewhat high speed. Further with the
embodiment shown in FIG. 8, the odd-numbered lines
and the even-numbered lines are alternately reversed in
the order of the scanning period and the luminescence
period, so that the scanning speed then decreases, and
the embodiment has the drawback that the luminescence
period becomes shorter when there is a limitation on the
scanning speed.

[0058] Accordingly, FIGS. 30 and 31 show an embod-
iment wherein the ramp voltage is shifted in phase from
horizontal line to line so as to effect luminescence of each
line immediately after data has been written to the line.
The ramp voltage to be delivered from the ramp voltage
generating circuit 8 as a digital signal is fed to the pixels
of each horizontal line via a delay circuit 84 and DA con-
verter 85, whereby the ramp voltage to be supplied to
each horizontal line has its phase shifted by a predeter-
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mined time lag for each line, from the first line to the final
line as shown in FIG. 31. The data supplied by the data
driver 4 is written immediately before the ramp voltage
for each horizontal line rises.

[0059] Accordingly, the ramp voltage for each horizon-
tal line has a gentle slope, varying from low to high (or
from high to low) over one frame period as shown in FIG.
31, and almost the entire frame period can be made to
serve as luminescence periods.

[0060] Since all the horizontal lines can be scanned
using nearly the entire frame period, the scanning speed
may be low. Further because the luminescence of pixels
is dispersed with respect to time, the influence of voltage
drop of the power source line within the display panel
can be mitigated.

[0061] Thedevice ofthe presentinventionis notlimited
only to the foregoing embodiments in construction but
can be modified variously within the technical scope de-
fined in the appended claims. For example, although or-
ganic EL elements are used as display elements accord-
ing to the above embodiments, such elements are not
limitative but various other display elements are usable
to provide display devices of the invention insofar as
these elements luminesce when supplied with current.
[0062] In the case where the comparator 9 has satis-
factory current drive ability, the drive transistor TR2 can
be dispensed with to connect the output terminal of the
comparator 9 directly to the organic EL element 50. When
the ramp voltage shown in FIG. 6(3) is used, or when the
ramp voltage shown in FIG. 6(c) is used in this case, the
non-inversion input terminal and the inversion input ter-
minal of the comparator 9 need to be reversed for con-
nection. A voltage drive type element is then usable as
the display element.

[0063] Inthe comparator shownin FIG. 10, the voltage
of the constant voltage supply line CONST can be set at
the source potential of the transistor TR3 so as not to
pass any current through the comparator 9 during the
scanning period. This results in a reduction of power con-
sumption.

Claims

1. A display device of the digital drive type comprising
a display panel (5) comprising a plurality of pixels
arranged in the form of a matrix, and a scanning driv-
er (3) and a data driver (4) which are connected to
the display panel, each of the pixels of the display
panel (5) comprising:

a display element (50) arranged to be lumines-
cent when supplied with current or voltage,

a write element (TR1) arranged to be brought
into conduction with scanning voltage applied
thereto by the scanning driver,

voltage holding means arranged to hold therein
data voltage applied thereto by the data driver
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(4) by the write element conducting, and

drive means arranged to supply current or volt-
age to the display element only for a period of
time corresponding to the magnitude of the volt-
age held in the voltage holding means, the drive
means comprising:

a drive element arranged to allow or interrupt
the passage of a current through the display el-
ement in response to the input of an on/off con-
trol signal, and

a comparison element arranged to compare a
ramp voltage signal having a predetermined var-
iation curve with the output voltage of the voltage
holding means, and to supply an output signal
representing the result of comparison to the
drive element as the on/off control signal,

the display device of the digital drive type being
characterized in that, one display frame com-
prising one scanning period and one lumines-
cence period, the scanning driver (3) is arranged
to apply the scanning voltage to the write ele-
ment of each pixel during the scanning period,
such that the voltage holding means of the pixel
holds the data voltage, and the drive means is
arranged to compare the ramp voltage signal
with the output voltage of the voltage holding
means during the luminescence period to on/off-
control the display element of the pixel, wherein,
within the display cycle of one frame, the ramp
voltage signal varies between afirst voltage val-
ue permitting the output signal of the comparison
element to turn on the drive element at all times
despite the data voltage and a second voltage
value permitting the output signal of the com-
parison element to turn off the drive element at
all times despite the data voltage during the lu-
minence period other than the scanning period;
and is maintained to the second voltage value
during the scanning period.

A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal has a
variation curve gradually increasing or decreasing
between the first voltage value and the second volt-
age value.

A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal has a
variation curve involving consideration to gamma
correction between the first voltage value and the
second voltage value.

A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal has a
variation curve varying from one of the first or second
voltage values to the other corresponding voltage
value and then returning to said one voltage value.
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A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal for the
pixels arranged on odd-numbered lines included in
horizontal or vertical lines constituting one frame has
a variation curve varying from one of the first or sec-
ond voltage values to the other corresponding volt-
age value, and the ramp voltage signal for the pixels
arranged on even-numbered lines included in the
horizontal or vertical lines has a variation curve var-
ying from said other corresponding voltage value to
said one voltage value.

A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal for the
pixels arranged on lines of one of three primary
colors included in horizontal or vertical lines consti-
tuting one frame has a variation curve varying from
one of the first or second voltage values to the other
corresponding voltage value, and the ramp voltage
signal for the pixels arranged on lines provided for
the other two colors and included in the horizontal
or vertical lines has a variation curve varying from
said other corresponding voltage value to said one
voltage value.

A display device of the digital drive type according
to claim 1 wherein the pixels arranged on odd-num-
bered lines included in horizontal or vertical lines
constituting one frame and the pixels arranged on
even-numbered lines included in the horizontal or
vertical lines are alternately reversed in the order of
the scanning period and the luminescence within the
display cycle of one frame.

A display device of the digital drive type according
to claim 1 wherein the ramp voltage signal for the
pixels arranged on lines of three primary colors in-
cluded in horizontal or vertical lines constituting one
frame differs from color to color in the rate of variation
between the first voltage value and the second volt-
age value.

A display device of the digital drive type according
to any one of claims 1 to 8 wherein the drive element
comprises a drive transistor (TR2) for effecting or
interrupting passage of current through the display
element in responses to the on/off control signal re-
ceived at a gate thereof, the write element compris-
ing a write transistor (TR1) to be brought into con-
duction by the scanning voltage applied to a gate
thereof, the voltage holding means comprising a ca-
pacitance element (C) for storing therein the data
voltage as a charge, the comparison element com-
prising a comparator (9) for receiving ramp voltage
signal to be supplied from a ramp voltage generating
circuit (8) and the output voltage of the capacitance
element at a pair of positive and negative input ter-
minals thereof and delivering a high/low signal rep-
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10.

1.

12,

13.

14,

15.

resenting the result of comparison from an output
terminal thereof to the gate of the drive transistor
(TR2).

A display device of the digital drive type according
to claim 9 wherein the comparator (9) comprises a
pair of voltage comparing transistors (TR4’, TR5’)
having respective gates for receiving the ramp volt-
age signal to be supplied from the ramp voltage gen-
erating circuit (8) and the output voltage of the ca-
pacitance element, a current source for supplying
current to the voltage comparing transistors, and a
resistance element serving as resistance to the cur-
rent to be passed through the voltage comparing
transistors, and has a point where a voltage variation
is produced by the passage of current through one
of the voltage comparing transistors and which
serves as an output terminal.

A display device of the digital drive type according
to claim 10 wherein one of the voltage comparing
transistors serves as the drive transistor for effecting
or interrupting passage of current through the display
element.

A display device of the digital drive type according
to claim 9 wherein the comparator (9) comprises a
pair of luminescence effecting/interrupting transis-
tors (TR8’, TR?’), the luminescence effecting tran-
sistor (TR8&’) is arranged to conduct when the differ-
ence between the ramp voltage signal and the output
voltage of the capacitance element exceeds a pre-
determined threshold value to bring the drive tran-
sistor (TR2) into conduction, and the luminescence
interrupting transistor (TR9’) is arranged to conduct
when the difference between the ramp voltage and
a predetermined d.c. voltage exceeds a predeter-
mined threshold value to bring the drive transistor
(TR2) out of conduction.

A display device of the digital drive type according
toany one of claims 9 to 12 wherein the ramp voltage
generating circuit (8) is provided externally of the dis-
play panel (5).

A display device of the digital drive type according
to any one of claims 9 to 12 wherein the ramp voltage
generating circuit (8) is provided in each pixel of the
display panel (5) and supplied with switching pulses
from outside the display panel (5) to generate the
ramp voltage by charging or discharging of a capac-
itor (C) during a high or low period of the pulses.

A display device of the digital drive type according
to claim 14 wherein the ramp voltage generating cir-
cuit (8) comprises a transistor for blocking current to
be passed with the charging of the capacitor (C) dur-
ing the scanning period.
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16. A display device of the digital drive type according

to any one of claims 1 to 15 wherein the display el-
ement is an organic electroluminescence element
(50).

Patentanspriiche

1.

Digital angetriebene Anzeigevorrichtung mit einem
Anzeigepanel (5) mit einer Anzahl von Pixeln, die in
einer Matrixform angeordnet sind und einem Abtast-
treiber (3) und einem Datentreiber (4), die mit dem
Anzeigepanel verbunden sind,

wobei jedes der Pixel des Anzeigepanels (5) auf-
weist:

ein Anzeigeelement (50), das so angeordnet ist,
dass es bei Anliegen von Strom oder Spannung
lumineszent ist,

ein Schreibelement (TR1), das so angeordnet
ist, dass es leitend gemacht wird, wenn vom Ab-
tasttreiber Abtastspannung angelegt ist,
Spannungshaltemittel, die so angeordnet sind,
dass sie eine Datenspannung halten, die durch
den Datentreiber (4) durch das leitende Schrei-
belement angelegt ist, und

Treibmittel, die so angeordnet sind, dass sie
Strom oder Spannung an das Anzeigeelement
nur fir eine Zeitspanne entsprechend der Gréfie
der Spannung, welche in den Spannungshalte-
mitteln gehalten wird, anlegen, wobei die Treib-
mittel aufweisen:

ein Treibelement, das so angeordnet ist, dass
der Durchgang eines Stroms durch das Anzei-
geelement in Antwort auf den Eingang eines
Ein/Aus-Steuersignals zugelassen oder unter-
brochen wird, und

ein Vergleichselement, das angeordnet ist, um
ein Anstiegsspannungssignal mit einer vorbe-
stimmten Anderungskurve mit dem der Aus-
gangsspannung der Spannungshaltemittel zu
vergleichen und um ein das Vergleichsergebnis
reprasentierendes Ausgangssignal an das Trei-
belement als das Ein/Aus-Steuersignal zu le-
gen,

wobei die digital angetriebene Anzeigevorrich-
tung dadurch gekennzeichnet ist, dass ein
Anzeigeganzbild eine Abtastperiode und eine
Lumineszenzperiode aufweist, der Abtasttrei-
ber (3) so angeordnet ist, dass er die Abtast-
spannung an das Schreibelement jedes Pixels
wahrend der Abtastperiode so anlegt, dass die
Spannungshaltemittel des Pixels die Daten-
spannung halten und die Treibmittel so ange-
ordnet sind, dass sie das Anstiegsspannungs-
signal mit der Ausgangsspannung der Span-
nungshaltemittel wahrend der Lumineszenzpe-
riode vergleichen, um das Anzeigeelement des
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Pixels ein/aus- zu steuern, wobei das Anstiegs-
spannungssignal innerhalb des Anzeigezyklus
eines Ganzbildes zwischen einem ersten Span-
nungswert, der erlaubt, dass das Ausgangssi-
gnal des Vergleichselementes das Treibele-
ment immer ungeachtet der Datenspannung
einschaltet, und einem zweiten Spannungswert
variiert, der erlaubt, dass das Ausgangssignal
des Vergleichselementes das Treibelement im-
mer ungeachtet der Datenspannung wahrend
der Lumineszenzperiode anders als der Abtast-
periode einschaltet, und auf dem zweiten Span-
nungswert wahrend der Abtastperiode gehalten
wird.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei das Anstiegsspannungssignal eine
Variationskurve hat, die zwischen dem ersten Span-
nungswert und dem zweiten Spannungswert gradu-
ell steigt oder fallt.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei das Anstiegsspannungssignal eine
Variationskurve hat, die die Bericksichtigung der
Gammakorrektur zwischen dem ersten Spannungs-
wert und dem zweiten Spannungswert enthalt.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei die das Anstiegsspannungssignal
eine Variationskurve hat, die von dem ersten oder
zweiten Wert bis zum entsprechend anderen Span-
nungswert variiert und dann zu dem einen Span-
nungswert zurtickkehrt.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei das Anstiegsspannungssignal flr
die Pixel, welche in den ungeradzahligen Zeilen an-
geordnet sind, die in horizontalen oder vertikalen
Zeilen enthalten sind, welche ein Ganzbild bilden,
eine Variationskurve hat, die von einem ersten oder
zweiten Spannungswert zu dem entsprechend an-
deren Spannungswert variiert und das Anstiegs-
spannungssignal fur die Pixel, die in den geradzah-
ligen Zeilen angeordnet sind, welche in den horizon-
talen und vertikalen Zeilen enthalten sind, eine Va-
riationskurve hat, die von dem entsprechenden an-
deren Spannungswert zu dem einen Spannungs-
wert variiert.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei das Anstiegsspannungssignal fur
die Pixel, die in Zeilen von einer der drei Primarfar-
ben angeordnet sind, die in den horizontalen oder
vertikalen Zeilen welche ein Ganzbild bilden enthal-
ten sind, eine Variationskurve hat, die von einem er-
sten oder zweiten Spannungswert auf den entspre-
chend anderen Spannungswert variiert und das An-
stiegsspannungssignal fir die Pixel, die auf Zeilen
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angeordnet sind, die fiir die zwei anderen Farben
vorgesehen sind und in den horizontalen oder verti-
kalen Zeilen enthalten sind, eine Variationskurve
hat, die von dem entsprechend anderen Spannungs-
wert auf den einen Spannungswert variiert.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei die Pixel, die auf ungeradzahligen
Zeilen angeordnet sind, die in horizontalen oder ver-
tikalen Zeilen enthalten sind, die ein Ganzbild bilden
und die Pixel, welche auf geradzahligen Zeilen an-
geordnetsind, diein den horizontalen oder vertikalen
Zeilen enthalten sind, alternierend in der Reihenfol-
ge der Abtastperiode und der Lumineszenz inner-
halb des Anzeigezyklus eines Ganzbildes umge-
kehrt werden.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 1, wobei das Anstiegsspannungssignal flr
die Pixel, die auf Zellen der drei Primarfarben ange-
ordnetsind, die in horizontalen oder vertikalen Zeilen
enthalten sind, welche ein Ganzbild bilden, sich von
Farbe zu Farbe beziglich der Variationsrate zwi-
schen dem ersten Spannungswert und dem zweiten
Spannungswert, unterscheidet.

Digital angetriebene Anzeigevorrichtung nach ei-
nem der Anspriiche 1 bis 8,

wobei das Treibelement einen Treibtransistor (TR2)
aufweist, um einen Stromdurchgang durch das An-
zeigeelement in Antwort auf das Ein/Aus-Steuersi-
gnal, welches an dessen Gate empfangen worden
ist, zu bewirken oder zu unterbrechen, das Schrei-
belement einen Schreibtransistor (TR1) aufweist,
um durch die Abtastspannung in den leitenden Zu-
stand gebracht zu werden, die an dessen Gate an-
gelegt ist, die Spannungshaltemittel ein Kapazitats-
element (C) aufweisen, um darin die Datenspan-
nung als eine Ladung zu speichern, das Vergleich-
selement einen Komparator (9) aufweist, um ein An-
stiegsspannungssignal, das von einer Anstiegs-
spannungserzeugungsschaltung (8) angelegt wird,
und die Ausgangsspannung des Kapazitatselemen-
tes an einem Paar positiver und negativer Eingans-
anschlisse desselben zu empfangen und ein Hoch/
Niedrig-Signal, welches das Vergleichsergebnis re-
prasentiert, von einem Ausgangsanschluss dessel-
ben an das Gate des Treibttransistors (TR2) zu lie-
fern.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 9, wobei der Komparator (9) ein Paar Span-
nungsvergleichtransistoren (TR4’, TR5’) aufweist
mit Gates zum Empfangen des von der Anstiegs-
spannungserzeugungsschaltung (8) angelegten An-
stiegsspannungssignals und der Ausgangsspan-
nung des Kapazitatelementes, einer Stromquelle
zum Zufiihren von Strom an die Spannungsver-
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12,

13.

14.

15.

16.

20

gleichtransistoren und ein Widerstandselement, das
als Widerstand fir den Strom dient, der durch die
Spannungsvergleichstranistoren hindurch geht, und
einen Punkt hat, an welchem eine Spannungsande-
rung durch den Stromdurchgang durch einen der
Spannungsvergleichtransistoren erzeugt wird, und
der als ein Ausgangsanschluss dient.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 10, wobei einer der Spannungsvergleichtran-
sistoren als der Treibtransistor dient, um den Storm-
durchgang durch das Anzeigeelement zu bewirken
oder zu unterbrechen.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 9, wobei der Komparator (9) ein Paar Lumi-
neszensbewirkungs- Unterbrechungstransistoren
(TR8&, TRY)aufweist, wobei der Lumineszenzbewir-
kungstransistor (TR8’) so angeordnet ist, dass er lei-
tend ist, wenn die Differenz zwischen dem Anstiegs-
spannungssignal und der Ausgangsspannung des
Kapazitatselementes einen vorbestimmten Schwell-
wert Ubersteigt, um den Schreibtransistor (TR2) lei-
tend zu machen, und der Lumineszenzunterbre-
chungstransistor (TR9) so angeordnet ist, dass er
leitet, wenn die Differenz zwischen der Anstiegs-
spannung und einer vorbestimmten Gleichspan-
nung einen vorbestimmten Schwellwert (iberschrei-
tet, um den Treibtransistor (TR2) nichtleitend zu ma-
chen.

Digital angetriebene Anzeigevorrichtung nach ei-
nem der Anspriiche 9 bis 12,

wobei die Anstiegsspannungserzeugungsschaltung
(8) auBerhalb des Anzeigepanels (5) vorgeseheniist.

Digital angetriebene Anzeigevorrichtung nach ei-
nem der Anspriiche 9 bis 12,

wobei die Anstiegsspannungserzeugungsschaltung
(8)injedem Pixel des Anzeigepanels (5) vorgesehen
ist und mit Schaltimpulsen von auRerhalb des An-
zeigepanels (5) gespeist wird, um die Anstiegsspan-
nung durch Laden oder Entladen eines Kondensa-
tors (C) wahrend einer Hoch- oder Niedrigperiode
der Impulse zu erzeugen.

Digital angetriebene Anzeigevorrichtung nach An-
spruch 14, wobei die Anstiegsspannungserzeu-
gungsschaltung (8) einen Transistor aufweist, um
beim Laden des Kondensators (C) wahrend der Ab-
tastperiode hindurchzuleitenden Strom zu blockie-
ren.

Digital angetriebene Anzeigevorrichtung nach ei-
nem der Anspriiche 1 bis 15,
wobei das Anzeigeelement ein organisches Elektro-
lumineszenzelement (50) ist.
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Revendications

Dispositif d’affichage du type a commande numéri-
que comprenant un panneau d’affichage (5) com-
prenant une pluralité de pixels disposés sous la for-
me d’une matrice, et un élément de commande de
balayage (3) et un élément de commande de don-
nées (4) qui sont connectés au panneau d’affichage,
chacun des pixels du panneau d’affichage (5)
comprenant :

un élément d’affichage (50) adapté pour étre lu-
minescent lorsqu’on lui applique un courant ou
une tension,

un élémentd’écriture (TR1) adapté pour étre mis
en conduction avec une tension de balayage qui
lui est appliquée par I'élément de commande de
balayage,

un moyen de maintien de tension adapté pour
maintenir la tension qui lui est appliquée par
I'élément de commande de données (4) lorsque
I’élément d’écriture est en conduction, et

un moyen de commande adapté pour fournir un
courant ou une tension a I'élément d’affichage
seulement pendant un intervalle de temps cor-
respondant a I'amplitude de la tension mainte-
nue dans le moyen de maintien de tension, le
moyen de commande comprenant :

un élément de commande adapté pour permet-
tre ou interrompre le passage d’un courant dans
I'élément d’affichage en réponse a I'application
d’un signal de commande marche/arrét, et

un élément de comparaison adapté pour com-
parer un signal de tension en rampe ayant une
courbe de variation prédéterminée avec la ten-
sion de sortie du moyen de maintien de tension,
et pour fournir un signal de sortie représentant
le résultat de la comparaison a I'élément de
commande en tant que signal de commande
marche/arrét,

le dispositif d’affichage du type a commande nu-
mérique étant caractérisé en ce que, une ima-
ge d’affichage comprenant une période de ba-
layage et une période de luminescence, I'élé-
ment de commande de balayage (3) est adapté
pour appliquer la tension de balayage a I'élé-
ment d’écriture de chaque pixel pendant la pé-
riode de balayage, de telle maniére que le
moyen de maintien de tension du pixel maintient
la tension de données, et le moyen de comman-
de est adapté pour comparer le signal de tension
en rampe avec la tension de sortie du moyen de
maintien de tension pendant la période de lumi-
nescence pour commander en marche/arrét
I'élément d’affichage du pixel, dans lequel, au
cours du cycle d’affichage d’une image, le signal
de tension en rampe varie entre une premiére
valeur de tension permettant au signal de sortie
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de I'élément de comparaison d’allumer l'élé-
ment de commande a tout instant, quelle que
soit la tension de données, et une deuxiéme va-
leur de tension permettant au signal de sortie
de I'élément de comparaison d’éteindre I'élé-
ment de commande a tout instant, quelle que
soit la tension de données pendant la période
de luminescence autre que la période de ba-
layage, et est maintenu a la deuxieme valeur de
tension pendant la période de balayage.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe a une courbe de variation qui
augmente ou décroit progressivement entre la pre-
miére valeur de tension et la deuxiéme valeur de
tension.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe a une courbe de variation qui
prend en compte une correction gamma entre la pre-
miére valeur de tension et la deuxiéme valeur de
tension.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe a une courbe de variation qui
varie de I'une des premiére et deuxiéme valeurs de
tension a l'autre valeur de tension correspondante,
puis qui revient a ladite une valeur de tension.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe pour les pixels agencés sur les
lignes impaires comprises dans les lignes horizon-
tales ou verticales constituant une image a une cour-
be de variation qui varie de I'une des premiére et
deuxiéme valeurs de tension a I'autre valeur de ten-
sion correspondante, et le signal de tension en ram-
pe pour les pixels agencés sur les lignes paires com-
prises dans les lignes horizontales ou verticales a
une courbe de variation qui varie de ladite autre va-
leur de tension correspondante a ladite une valeur
de tension.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe pour les pixels agencés sur des
lignes d’une couleur primaire parmi trois comprises
dansles lignes horizontales ou verticales constituant
une image a une courbe de variation qui varie de
'une des premiere et deuxieme valeurs de tension
a l'autre valeur de tension correspondante, et le si-
gnal de tension en rampe pour les pixels agencés
sur les lignes prévues pour les deux autres couleurs
et comprises dans les lignes horizontales ou verti-
cales a une courbe de variation qui varie de ladite
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autre valeur de tension correspondante a ladite une
valeur de tension.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel les pixels
agenceés sur les lignes impaires comprises dans les
lignes horizontales ou verticales constituant une
image et les pixels agencés sur les lignes paires
comprises dans les lignes horizontales ou verticales
sont alternativement inversés dans l'ordre de la pé-
riode de balayage et de la luminescence au cours
du cycle d’affichage d’'une image.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 1, dans lequel le signal
de tension en rampe, pour les pixels agencés sur
des lignes de trois couleurs primaires comprises
dans les lignes horizontales ou verticales constituant
une image, differe d’une couleur a l'autre dans le
taux de variation entre la premiéere valeur de tension
et la deuxiéme valeur de tension.

Dispositif d’affichage du type a commande numéri-
que selon 'une quelconque des revendications 1 a
8, dans lequel I'élément de commande comprend un
transistor de commande (TR2) pour permettre ou
interrompre le passage de courant dans I'élément
d’'affichage en réponse au signal de commande mar-
che/arrét recu au niveau de la grille de celui-ci, I'élé-
ment d’écriture comprenant un transistor d’écriture
(TR1) destiné a étre mis en conduction par la tension
de balayage appliquée ala grille de celui-ci, le moyen
de maintien de tension comprenant un élément a
capacité (C) destiné a conserver la tension de don-
nées sous la forme d’une charge, I'élément de com-
paraison comprenant un comparateur (9) destiné a
recevoir un signal de tension en rampe fourni par un
circuit générant une tension en rampe (8) et la ten-
sionde sortie de I'élément a capacité au niveaud’une
paire de bornes d’entrée positive et négative de ce-
lui-ci et a fournir un signal haut/bas représentant le
résultat de la comparaison sur une borne de sortie
de celui-ci a la grille du transistor de commande
(TR2).

Dispositif d’affichage du type & commande numéri-
que selon la revendication 9, dans lequel le compa-
rateur (9) comprend une paire de transistors de com-
paraison de tensions (TR4’, TR5’) ayant des grilles
respectives pour recevoir le signal de tension en
rampe devant étre fourni par le circuit générant une
tension en rampe (8) et la tension de sortie de I'élé-
ment a capacité, une source de courant pour fournir
du courant aux transistors de comparaison de ten-
sions, et un élément résistant servant de résistance
au courant devant traverser les transistors de com-
paraison de tensions, et a un point ou une variation
de tension est produite par le passage de courant
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dans l'un des transistors de comparaison de ten-
sions et qui sert de borne de sortie.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 10, dans lequel I'un des
transistors de comparaison de tensions sert de tran-
sistor de commande pour permettre ou interrompre
le passage de courant dans I'élément d’affichage.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 9, dans lequel le compa-
rateur (9) comprend une paire de transistors permet-
tant/interrompant la luminescence (TR8', TR9), le
transistor permettant la luminescence (TR8’) est
adapté pour étre passant lorsque la différence entre
le signal de tension en rampe et la tension de sortie
de I'élément a capacité dépasse une valeur de seuil
prédéterminée pour mettre le transistor de comman-
de (TR2) en conduction, et le transistor interrompant
la luminescence (TR9’) est adapté pour étre passant
lorsque la différence entre la tension en rampe et
une tension continue prédéterminée dépasse une
valeur de seuil prédéterminée pour mettre le tran-
sistor de commande (TR2) hors conduction.

Dispositif d’affichage du type a commande numéri-
que selon 'une quelconque des revendications 9 a
12, dans lequel le circuit générant une tension en
rampe (8) est extérieur au panneau d’affichage (5).

Dispositif d’affichage du type a commande numéri-
que selon 'une quelconque des revendications 9 a
12, dans lequel le circuit générant une tension en
rampe (8) est placé dans chaque pixel du panneau
d’affichage (5) et recoit des impulsions de commu-
tation de I'extérieur du panneau d’affichage (5) pour
générer la tension en rampe par la charge ou la dé-
charge d'un condensateur (C) pendant la période
haute ou basse des impulsions.

Dispositif d’affichage du type a commande numéri-
que selon la revendication 14, dans lequel le circuit
générant une tension en rampe (8) comprend un
transistor pour bloquer le courant devant passer
avec la charge du condensateur (C) pendant la pé-
riode de balayage.

Dispositif d’affichage du type a commande numéri-
que selon 'une quelconque des revendications 1 a
15, dans lequel I'élément d’affichage est un élément
a électroluminescence organique (50).
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