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ELECTROLUMINESCENCE DISPLAY
APPARATUS

BACKGROUNG OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving method for a
passive matrix electroluminescence display apparatus com-
prising organic electroluminescence elements.

2. Description of the Related Art

In recent years, electroluminescence (referred to herein-
after as EL) display apparatuses using EL. elements have
attracted attention as display apparatuses to replace CRTs
and LCDs, and the research and development into EL
display apparatuses have also advanced.

FIG. 1 shows a cross-sectional structure of a display
section of an ordinary organic EL display apparatus.

As shown in the figure, each organic EL element provided
at each display pixel section has a laminated structure on a
transparent glass substrate 1 in a sequence of an anode 2
formed from a transparent electrode, such as ITO, a hole
transport layer 3 formed from MTDATA (4,4-bis(3-meth-
ylphenylphenylamino)biphenyl) and TPD (4,4,4-tris(3-me-
thylphenylphenylamino)triphenylanine), an emitting layer 4
formed from Bebq, (bis(10-hydroxybenzo[h]quinolinato)
beryllium complex) including a Quinacridone inductor, an
electron transport layer 5 formed from Bebq,, and a cathode
6 formed from a magnesium indium (Mgln) alloy.

Furthermore, in the organic EL element, holes injected
from the anode and electrons injected from the cathode are
recombined within the emitting layer to excite the organic
molecules forming the emitting layer and generate excitons.
In a process where excitons are radiated and deactivated,
light is released from the emitting layer. The light is then
discharged to emit light to the outside from the transparent
anode via the transparent insulating substrate.

FIG. 2 shows a block diagram of a driving circuit of the
organic EL display apparatus, and FIG. 3 shows a timing
chart for driving the organic EL display apparatus.

As shown in FIG. 2, the organic EL display apparatus
comprises a column driver 7, a row driver 8, and a display
pixel section 12. Column electrodes coll, col2, col3, . . .,
colm, which are arranged as stripes along the vertical
direction of the columns in the same figure and which are the
cathodes 6 of the organic EL elements connected to the
column driver 7, and row electrodes rowl, row2,
row3, . . ., rown, which are arranged as stripes along the
horizontal direction of the rows and which are the anodes 2
of the organic EL elements connected to the row driver 8,
intersect each other, and display pixels PX11, PX12, . . .,
PXnm at the respective intersections are arranged in a matrix
configuration.

As shown in FIGS. 1 and 2, to the column driver 7 are
supplied a transfer clock CLK, transfer data DATA, and
latch pulses LS for one line of data, and to the row driver 8
is supplied a row driver clock VCLK.

Scanning signals are supplied in accordance with the row
driver clock VCLK to the respective row electrodes rowl,
row2, row3, . . ., rown, which are cathodes on one side of
the organic EL display elements. The scanning signals
become a low level at every horizontal scanning period in
sequence from row electrode row1 so that the respective row
electrode rowl, row2, row3, . . ., rown is selected. Further-
more, to the respective column electrodes coll, col2,
cold, . . ., colm, which are anodes on the other side, is
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supplied the transfer data DATA by the latch pulses LS in
accordance with the transfer clock CLK as transfer data,
namely, driving signals.

In this manner, the respective display pixels PX11 to
PXnm, which are provided at the respective intersections of
the respective row electrodes rowl, row2, row3, . .., rown
and the respective column electrodes coll, col2, col3, . . .,
colm, emit light in colors corresponding to the luminescent
materials of various colors provided at the display pixel
section.

The display colors of the display pixels will be described
for the case where display pixel PX12 furnishes a red color,
display pixel PX23 furnishes a blue color, and the other
display pixels PX11 to PX13, PX21, and PX31 to PX33
furnish a green color.

For example, as shown in FIG. 3, when a low level
scanning signal ROW1 is supplied to row electrode rowl,
only row electrode rowl is selected for 1 H. Then, the
transfer data DATA in accordance with the transfer clock
CLK is written with the latch pulse LS to the respective
column electrodes coll, col2, and col3. Namely, the driving
signals COL1, COL2, and COL3 are supplied to the respec-
tive column electrodes coll, col2, and col3. In this case, the
display pixels PX11 to PX13 that are connected to the row
electrode row1 are all green so that each of the display pixels
emits green light for the period of 1 H.

Next, the scanning signal ROW2 that is supplied to the
row electrode row2 becomes a low level in accordance with
the row driver clock VCLK so that the row electrode row?2
is selected for 1 H. Then, the driving signals COL1, COL2,
and COLS3 are supplied to the respective column electrodes
coll, col2, and col3, and the luminescent material of the
various colors provided at the display pixels PX21 to PX23
at the respective intersections emit light. Namely, display
pixel PX21 emits green light, display pixel PX22 emits red
light, and display pixel PX23 emits blue light. At this time,
the display pixels emit light only during the period when the
row electrode is selected, namely, the period of 1 H.

Furthermore, for the case of row electrode row3 also,
similar to the above-mentioned row electrodes rowl and
row2, the scanning signal ROW3 that is supplied becomes
a low level in accordance with the row driver clock VCLK
so that the row electrode row3 is selected for 1 H, and the
driving signals COL1, COL2, and COL3 are supplied to the
respective column electrodes coll, col2, and col3 so that the
luminescent materials provided at the display pixels PX31 to
PX33 at the respective intersections emit light. Namely, the
respective display pixels PX31 to PX33 emit light only
during the period when the row electrode is selected,
namely, the period of 1 H.

As described above, the respective row electrodes rowl1,
row2, and row3 are each selected for a period of 1H.
Namely, the respective display pixels PX11 to PX33 emit
light in a color corresponding to the luminescent material of
the respective color only for a period of 1H.

However, the luminescent materials of the respective
colors provided at the respective display pixels PX11 to
PX33 have different luminous efliciencies that depend on the
material. Thus, when the display pixels of the various colors
emit light for the same period, namely, for the period of 1 H,
there is a shortcoming where the luminance of the colors is
not uniform.

In order to correct for the luminance difference among the
colors, it is possible to employ a pulse width modulation
(PWM) system for the current value for each color to adjust
the light emitting amount in accordance with the luminous
efficiency of the luminescent material.
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The PWM system and more particularly the structure of
the column driver are described hereinafter with reference to
FIG. 4.

The column driver 7 comprises a shift register 13 for
inputting n-bit gradation data mDATA for each column
according to a shift clock CL, a latch circuit 14 for latching
the data that was input to the shift register 13 in accordance
with the latch pulse, an n-bit counter 15 for representing the
gradation levels, and m number of pulse width modulation
circuits 16 for comparing the n-bit gradation data from the
latch circuit 14 provided for each column and the n-bit
counter value, then respectively outputting the column driv-
ing signals COL1, COL2, COL3, ..., COLm having pulse
widths proportional to the gradation data.

Namely, if n=3, for example, the count value of the n-bit
counter 15 changes in a sequence of “0”, “1”, . . ., “7”
during 1 H as shown in FIG. 5, and the driving signals
COL1, COL2, COL3, COLm for the column electrodes all
simultaneously begin output at a timing when the counter
value becomes “17”. The high level is maintained during the
pulse width period in accordance with the gradation data for
the respective pixel. Therefore, the display pixels in the
same row emit light, and the light emitting period of each
display pixel is controlled in accordance with the gradation
data.

Although it is possible to correct for the luminance of
each color by employing the PWM column driver having
this sort of configuration, a shortcoming is that the circuit
becomes complex. For example, the column driver cannot
be easily fabricated into an IC device.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an EL display apparatus without using a complex circuit
configuration and in which is obtained a display having
uniform luminance without creating a luminance difference
among colors.

According to the present invention, the driving signal is
supplied to each column electrode so as to cause the elec-
troluminescence element of the corresponding display pixel
to emit light when one row electrode has been selected by
the selection signal. However, the driving period in which
the driving signal is impressed so as to cause the corre-
sponding display pixel to emit light is determined on the
basis of the color of the display pixel that is to emit light. For
example, the driving period is shortened (such as to a length
of “17”) for the electroluminescence element for emitting
green light, which has a high luminous efficiency, set to a
medium length (such as to a length of “2”) for the electrolu-
minescence element for emitting red light, which has a
medium luminous efficiency, and lengthened (such as to a
length of “4”) for the electroluminescence element for
emitting blue light, which has a poor luminous efficiency.
Thus, the brightness of the colors can be made equal using
a simple configuration, without using pulse width modula-
tion or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an ordinary EL display
apparatus.

FIG. 2 is a block diagram of a driving circuit of the EL
display apparatus.

FIG. 3 is a timing chart for the EL display apparatus of the
prior art.
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FIG. 4 is a block diagram of a column driver of the prior
art.

FIG. 5 is a timing chart of conventional pulses.

FIG. 6 is a block diagram of a column driver of the present
invention.

FIG. 7 is a block diagram of a driving circuit representing
an embodiment of the present invention.

FIG. 8 an equivalent circuit of part of the EL display
apparatus representing an embodiment of the present inven-
tion.

FIG. 9 is a timing chart representing an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A driving method for an EL display apparatus of the
present invention is described hereinafter.

FIG. 6 is a block diagram of a column driver.

The column driver comprises the shift register 13 for
inputting the data DATA for each column according to the
shift clock CLK and the latch circuit 14 for latching in
accordance with the latch pulse the data DATA that was
input by the shift register 13. The driving signals COL1,

COL2, COL3, . .., COLm are respectively output to the
column electrodes coll, col2, col3, . . ., colm from the latch
circuit 14.

Compared to the column driver of the prior art shown in
FIG. 4, the organic EL display apparatus of the present
invention obviates the pulse width modulation circuits.
Therefore, compared to the extreme complexity as in the
column driver of the organic EL display apparatus of the
prior art, the column driver of the organic EL display
apparatus of the present invention can be designed to have
an extremely simple configuration. Thus, it is possible to
fabricate the column driver into an IC device.

As shown in FIG. 7, the organic EL display apparatus
comprises the column driver 7 shown in FIG. 6, the row
driver 8, and the display pixel section 12, and further
comprises a frame memory 9, a luminance correction data
ROM 10, and a luminance correction microcomputer 11.

The data to be displayed on the organic EL display
apparatus 1s stored from an external source into the frame
memory 9. Information on the color and position arrange-
ment on the organic EL display panel is stored beforehand
in the luminance correction data ROM 10. Namely, in FIG.
8, for example, in the case where the display pixel PX21 is
green and the display pixel PX22 is red, that information is
stored into the luminance correction data ROM 10.

When performing luminance correction, the luminance
correction control microcomputer 11 reads out the data
stored in the frame memory 9 and the information in the
luminance correction data ROM 10, and outputs picture
data, namely, driving signals, to the column driver 7.

A description will be given with regard to the display
pixels PX11 to PX13, PX21 to PX23, and PX31 to PX33
configured, as shown in FIG. 8, from both the column
electrodes coll to col3 and the row electrodes row1 to row3.

FIG. 9 shows a timing chart for driving of the organic EL
display apparatus, which is an embodiment of a driving
method for the EL display apparatus of the present inven-
tion.

FIG. 8 shows the display pixels PX11 to PX13, PX21 to
PX23, and PX31 to PX33 configured from both the column
electrodes coll to col3 and the row electrodes row1 to row3.

A case will be described where the display pixel PX22
provides a red color, the display pixel PX23 provides a blue
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color, and the other display pixels PX11 to PX13, PX21, and
PX31 to PX33 provide a green color.

In this case, the luminous efficiency of the luminescent
materials of the various colors is highest for green, medium
for red, and lowest for blue, and the case will be described
where the ratio of the luminous efficiencies of the various
colors based on the luminous efficiency of the green lumi-
nescent material is green:red:blue=1:1/2:1/4.

The row electrodes row1, row2, and row3 are selected in
sequence by row from rowl to row3. Among the row
electrodes rowl, row2, and row3, the scanning signal only
for the selected row becomes a low level during one hori-
zontal scanning period (1 H), and the scanning signals for
the other rows become a high level. Namely, the row
electrode rowl is selected when the signal ROW1 that is
supplied to the row electrode rowl becomes a low level.

First, the row electrode row1 will be described.

When the row electrode row1 becomes a low level for a
period of 1 H and is selected, a green light is emitted at the
high level of column signal COL1 of the column electrode
coll since all the display pixels PX11 to PX13 connected to
the row electrode rowl are green.

Next, the row electrode row2 becomes a low level at a
timing when the row electrode rowl becomes a high level.
At this time, as shown in FIG. 8, a red pixel with a luminous
efficiency ratio of 1/2 and a blue pixel with a luminous
efficiency ratio of 1/4 both with respect to green are provided
in the row electrode row2. The selection time for the row
electrode row?2 is lengthened for the amount the luminous
efficiency is low. Namely, the blue color is selected for a
period four times that of the green color, or a period of 4 H.

Described next is the period during which the driving
signals are impressed to the column electrodes coll to col3
in the period of 4 H when the row electrode row2 has been
selected.

Since a green color is provided at the display pixel PX21,
which is connected to the column electrode coll, a driving
signal is supplied only for a period of 1 H to the column
electrode coil so that the display pixel PX21 emits green
light.

Furthermore, since a red color is provided at the display
pixel PX22, which is connected to the column electrode
col2, a driving signal is supplied for a period of 2 H to the
column electrode col2 so that the display pixel PX22 emits
red light.

Finally, since a blue color is provided at the display pixel
PX23, which is connected to the column electrode col3, a
driving signal is supplied for a period of 4 H to the column
electrode col2 so that the display pixel PX23 emits blue
light.

Namely, during the first period of 1 H after the row
electrode row2 becomes a low level, the driving signals are
supplied to the column electrodes coil, col2, and col3 so that
the display pixels PX21, PX22, and PX23 respectively emit
green, red, and blue light. During the next period of 1 H
(second H period), the driving signals are supplied only to
the column electrodes col2 and col3 so that the display
pixels PX22 and PX23 respectively emit red and blue light.
During the next two periods of 1 H (third and fourth H
periods), the driving signal is supplied only to the column
electrode col3 so that only the display pixel PX23 emits blue
light.

In other words, the row electrode row2 is selected four
consecutive times (4 H), and during those four times, the
green display pixel PX21 emits light for one time (1 H), the
red display pixel PX22 emits light for two times (2 H), and
the blue display pixel PX23 emits light for four times (4 H).
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This is made possible by controlling the signals to be
supplied by the frame memory 9, the luminance correction
ROM 10, and the luminance correction microcomputer 11.

Namely, in the second H period, the luminance correction
control microcomputer 11 reads out various types of infor-
mation from the frame memory 9 and the luminance cor-
rection data ROM 10 in which is stored beforehand infor-
mation that the display pixel PX22 has a red luminescent
material with a luminous efficiency lower than that of the
green luminescent material provided at the display pixel
PX21, and corresponding to that information, the informa-
tion with part (green color) of the image data deleted is
transferred to the column driver so as to cause the red and
blue lights to be emitted.

Similarly, in the third H and fourth H periods, on the basis
of the information stored beforehand from the luminance
correction data ROM, information with the green and red
colors deleted is transferred to the column driver so as to
cause only the blue light to be emitted.

In this manner, it is possible to equalize the luminance of
the colors by setting the light emitting period Tg of the green
display pixel provided with green luminescent material
having the highest luminous efliciency, the light emitting
period Tr of the red display pixel provided with red lumi-
nescent material having the next highest luminous effi-
ciency, and the light emitting period Tb of the blue display
pixel provided with blue luminescent material having the
lowest luminous efficiency to Tg:Tr:Tb=1:2:4, which is
proportional to the luminous efficiency ratio (green:red:
blue=1:1/2:1/4) of the luminescent material for the respec-
tive colors. Thus, the organic EL display apparatus yields a
uniform display without irregularities.

The above-mentioned embodiment exemplifies a case
where the luminous efficiencies of the luminescent materials
for the colors of green, red, and blue have the ratio of
1:1/2:1/4. However, the present invention is not limited to
this case. In proportion to the luminous efficiency ratio of the
various colors, the period for selecting the row electrode that
is connected to the display pixel provided with luminescent
material having the lowest luminous efficiency may be
lengthened, and the period for supplying the driving signal
to the column electrode connected to that pixel may be set
so as to be the longest for the display pixel of the lumines-
cent material having the lowest luminous efficiency.

Furthermore, the present embodiment showed a case
where the luminescent materials of the display pixels were
for green, red, and blue. However, the application concerned
is not limited to this case. For example, in addition to green,
red, and blue, the present invention is also applicable to a
case using luminescent materials for yellow and white to
vield the same effect. In this case an order of the luminescent
efficiency is green, yellow, white, red, blue, however this
order may be changed in accordance with luminescent
materials.

Furthermore, in the above-mentioned embodiment, a case
was described for three colors of luminescent materials for
the display pixels. However, the number of colors is not
limited to three and any number of colors may be used. For
example, if two colors are selected, it is necessary to select
the number of selection times for the row electrode and the
number of times for supplying the driving signal to the
column electrode in proportion to the ratio of the luminous
efficiencies of their luminescent materials.

Furthermore, the selection time for the row electrode may
be fixed and only the driving signal for the column electrode
may be varied according to color.
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Furthermore, the number of row electrodes and column
electrodes is not limited and can be set in accordance with
such requirements as resolution and display area.

It should be noted that the luminous efficiency ratios of
the luminescent materials in the present invention need not
necessarily be integer values. In the event a ratio is not an
integer value, luminance correction can still be performed
when compared to the prior art even if an approximate
integer is selected.

According to the EL display apparatus of the present
invention, an EL display apparatus can be obtained with a
uniform luminance of the display pixels provided with
luminescent materials of various colors having different
luminous efficiencies.

While there has been described what are at present
considered to be preferred embodiments of the invention, it
will be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. An electroluminescence display apparatus in which
display pixels are respectively formed at intersections of a
plurality of row electrodes for supplying scanning signals
and a plurality of column electrodes for supplying driving
signals, and electroluminescence elements are respectively
disposed having an emitting layer, formed from Iuminescent
material for emitting light of a predetermined color, between
said column electrodes and row electrodes of said display
pixels, said electroluminescence display apparatus compris-
ing:

a row electrode driving circuit capable of sequentially
selecting said row electrodes by supplying a selection
signal in sequence by row to each row electrode of said
plurality of row electrodes;

aselected period of each row electrode of said plurality of
row electrodes is determined in accordance with a color
or colors of said electroluminescence elements con-
nected to said plurality of row electrodes, wherein said
selected period is not divided over said plurality of row
electrodes;

a column electrode driving circuit capable of supplying a
driving signal to each column electrode when one of
said row electrodes has been selected by said selection
signal and causing said electroluminescence element of
corresponding display pixel to emit light, said one of
said row electrodes is selected for said selected period
based on a luminous efficiency ratio of luminescent
materials at said row electrode; and

a driving period capable of impressing said driving signal
by said column electrode driving circuit and causing
said corresponding display pixel to emit light based on
color of said display pixel that is to emit light.

2. An electroluminescence display apparatus according to
claim 1 wherein the lower the luminous efficiency of lumi-
nescent material of each color, the longer said driving period
is set.

3. An electroluminescence display apparatus according to
claim 2 wherein said driving period is set on the basis of a
ratio of luminous efficiency of each luminescent material.

4. An electroluminescence display apparatus according to
claim 1 wherein a selection period for impressing the
selection signal by said row electrode driving circuit and
selecting one row electrode is determined on the basis of the
longest period among driving periods of a plurality of
driving signals supplied to a plurality of column electrodes
when the row electrode is selected.
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5. An electroluminescence display apparatus according to
claim 4 wherein there are a plurality of types of luminescent
materials for said electroluminescence element, said elec-
troluminescence element comprises one of the luminescent
materials and emits light of one color.
6. An electroluminescence display apparatus according to
claim 5 wherein colors of light emitted are five colors of
green, yellow, white, red, and blue.
7. An electroluminescence display apparatus according to
claim 5 wherein colors of light emitted are three colors of
green, red, and blue; green has the best luminous efficiency,
red has the next best luminous efficiency, and blue has the
worst luminous efficiency.
8. A driving method for an electroluminescence display
apparatus in which display pixels are respectively formed at
intersections of a plurality of row electrodes for supplying
scanning signals and a plurality of column electrodes for
supplying driving signals, and electroluminescence ele-
ments are respectively disposed having an emitting layer,
formed from luminescent material for emitting light of a
predetermined color, between said column electrodes and
row electrodes of said display pixels, said method compris-
ing:
supplving a selection signal in sequence by row to each
row electrode of said plurality of row electrodes;

determining a selected period of each row electrode of
said plurality of row electrodes in accordance with a
color or colors of said electroluminescence elements
connected to said plurality of row electrodes, wherein
said selected period is not divided over plurality of row
electrodes;
supplying a driving signal to each column electrode when
one of said row electrodes has been selected by said
selection signal and said electroluminescence element
of corresponding display pixel is caused to emit light,
said one of said row electrodes is selected for said
selected period based on a luminous efficiency ratio of
luminescent materials at said row electrode; and

impressing said driving signal and causing said corre-
sponding display pixel to emit light based on color of
said display pixel that is to emit light for a driving
period.

9. A driving method according to claim 8 wherein the
lower the luminous efficiency of luminescent material of
each color, the longer said driving period is set.

10. A driving method according to claim 8 wherein said
driving period is set on the basis of a ratio of luminous
efficiency of each luminescent material.

11. A driving method according to claim 8 wherein the
selection period for impressing said selection signal and
selecting one row electrode is determined on the basis of the
longest period among driving periods of a plurality of
driving signals supplied to said plurality of column elec-
trodes when the row electrode is selected.

12. An electroluminescence display apparatus according
to claim 1 wherein said column electrode driving circuit is
capable of being fabricated into an IC device.

13. An electroluminescence display apparatus according
to claim 1 wherein said electroluminescence elements are
organic electroluminescence elements.

14. A driving method according to claim 8 wherein said
electroluminescence elements are organic electrolumines-
cence elements.
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