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(54) CONSTANT-CURRENT DEVICE, DISPLAY DEVICE, AND METHOD FOR DRIVING THE SAME

(57)  Anobject of the invention is to suppress a delay
in rising of drive voltage when a light-emitting element
to be a capacitive load is driven while preventing an in-
crease in circuit size. A display apparatus comprises:
an organic EL display (1) including organic EL elements
as light-emitting elements; a scanning electrode drive
circuit (2) for driving scanning electrodes of the display
(1); and a data electrode drive section (3) for driving data
electrodes of the display (1). The data electrode drive
section (3) includes constant current circuits for the re-
spective data electrodes, each of the constant current
circuits supplying a constant current to each of the data
electrodes. Each of the constant current circuits allows
the value of constant current outputted to change in re-
sponse to the reference value given such as a reference
voltage. The reference value is switched such that, with
regard to the period for which one of the scanning elec-
trodes is selected, the value of the constant current sup-
plied to one of the organic EL elements for a specific
period started at the point at which the current starts to
be supplied is greater than the value of the constant cur-
rent supplied to the EL element for the remaining period.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelates toaconstant cur-
rent apparatus used for driving a capacitive load, for ex-
ample, a display apparatus for driving light-emitting el-
ements by supplying constant currents thereto, and a
method of driving such a display apparatus.

BACKGROUND ART

[0002] Organic electroluminescent (EL) elements
have been increasingly developed and brought to prac-
tical utilization. Organic EL elements are charge-injec-
tion recombination EL elements including an organic
material as a luminescent material. Considerable re-
search and development activities have been done on
display apparatuses incorporating displays made up of
organic EL elements arranged in segments or a matrix
or a combination thereof, with a view to achieving prac-
tical utilization and performance improvements of such
display apparatuses as next-generation displays having
features such as low profile, high luminance, a wide
viewing angle, and high definition.

[0003] Displays incorporating organic EL elements
have started to be practically utilized as monochrome
displays of constant luminance.

Practical utilization of color displays is expected, such
as partial color displays whose display surface is made
up of partially different luminescent colors, multicolor
displays that emit several colors, and full color displays
that combine multicolor luminescence and tone control.
[0004] The organic EL element has a structure that,
for example, a hole injection layer and a hole migration
layer that are made of organic or inorganic substance,
a light-emitting layer made of organic substance, and
an electron migration layer made of organic or inorganic
substance are stacked, as necessary, between elec-
trodes (electron injection electrodes) of aluminum, for
example, and transparent electrodes (hole injection
electrodes) made of tin-doped indium oxide (ITO), for
example, arranged in a matrix or segments on a glass
substrate.

[0005] Since the luminance intensity of the organic EL
element is proportional to the density of current fed to
the element, an organic EL display is preferably current-
driven. However, the organic EL element is a capacitive
load since it is made up of layers of organic materials
stacked between the electrodes. Therefore, if the organ-
ic EL display is driven by a constant current, rising of
voltage driving the EL element may delay during a pe-
riod in which a charging current is fed to the capacitive
component of the EL element when the element is driv-
en. A delay in light emission may thereby result.
[0006] Reference is now made to FIG. 15 to describe
the cause of the above-mentioned phenomenon. FIG.
15 (a) shows the waveform of current supplied to the
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capacitive load from a constant current source. FIG. 15
(b) shows the waveform of voltage across the capacitive
load when the current having the waveform of (a) is sup-
plied. When the capacitive load such as an organic EL
element is driven by a constant current source, the con-
stant current source supplies a constant current to the
load, the current including a charging current to the ca-
pacitive load. Therefore, the value of the current sup-
plied to the capacitive load is a constant value L, as
shown in FIG. 15 (a). In this case, the rising edge of the
voltage across the capacitive load is blunt during the pe-
riod in which the charging current fed to the capacitive
load exists, as shown in FIG. 15 (b). A steady state hav-
ing been achieved, the value of the voltage across the
capacitive load is a constant value V.

[0007] In Published Unexamined Japanese Patent
Application Hei 11-95723 (1999), a technique relating to
a display apparatus including an display made up of or-
ganic EL elements arranged in a matrix is disclosed. Ac-
cording to this technique, immediately before a specific
unit electrode of data electrodes is selected, all the
scanning electrodes and all the data electrodes (or a
specific one of the data electrodes) are shorted so that
these electrodes are reset to the same potential. A delay
in light emission is thereby reduced.

[0008] Accordingto this technique, however, switches
for resetting the respective unit electrodes are required,
and the size of the drive circuit is thereby increased par-
ticularly when the display includes a large number of da-
ta electrodes.

[0009] According to this technique, if the organic EL
display is driven by a constant current, a charging cur-
rent is fed to the data electrode connected to the EL el-
ement to be illuminated, immediately after resetting. It
is therefore impossible to suppress a delay in light emis-
sion caused by this charging current.

[0010] According to a technique disclosed in Pub-
lished Unexamined Japanese Patent Application Hei
11-231834 (1999), a first drive source and a second
drive source that are connectable to light-emitting ele-
ments are provided. To drive the light-emitting elements,
the first drive source first supplies drive currents to the
elements, and the second drive source then supplies
drive currents to the elements. The drive currents fed by
the first drive source are greater than those fed by the
second drive source.

[0011] According to this technique, however, two
drive sources are required for each data electrode, and
the size of the drive circuit is thereby increased partic-
ularly when the display includes a large number of data
electrodes.

DISCLOSURE OF THE INVENTION

[0012] It is a first object of the invention to provide a
constant current apparatus for suppressing a delay in
rising of drive current when a capacitive load is driven,
too, while preventing an increase in circuit size.
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[0013] Itis a second object of the invention to provide
a display apparatus and a method of driving the same
for suppressing a delay in rising of drive current when a
light-emitting element to be a capacitive load is driven,
too, while preventing an increase in circuit size.

[0014] A constant current apparatus of the invention
comprises: a constant current circuit for outputting a
constant current determined by a reference value given;
and a reference value selecting means for selecting one
of a plurality of reference values and giving the value
selected to the constant current circuit.

[0015] According to the constant current apparatus of
the invention, when the capacitive load is driven, the ref-
erence value selecting means is controlled such that,
with regard to the period for which a current is fed to the
capacitive load, the value of the constant current sup-
plied to the capacitive load for a specific period started
at the point at which the current starts to be supplied is
greater than the value of the constant current supplied
to the capacitive load for the remaining period. A delay
in rising of drive voltage is thereby suppressed.

[0016] According to the constant current apparatus of
the invention, the reference values may be any of refer-
ence voltages, reference currents and reference resist-
ance values. The constant current apparatus of the in-
vention is used for driving a capacitive load, for example.
[0017] A display apparatus of the invention compris-
es: a display including a plurality of light-emitting ele-
ments; and a drive means for driving the light-emitting
elements by selectively supplying power required for
light emission to the elements. The drive means in-
cludes: a constant current circuit for supplying a con-
stant current to the light-emitting elements, the constant
current being determined by a reference value given;
and a reference value selecting means for selecting one
of a plurality of reference values and giving the value
selected to the constant current circuit.

[0018] According to the display apparatus of the in-
vention, when the light-emitting element to be a capac-
itive load is driven, the reference value selecting means
is controlled such that, with regard to the period for
which a current is fed to the light-emitting element, the
value of the constant current supplied to the element for
a specific period started at the point at which the current
starts to be supplied is greater than the value of the con-
stant current supplied to the element for the remaining
period. A delay in rising of drive voltage is thereby sup-
pressed.

[0019] According to the display apparatus of the in-
vention, the reference values may be any of reference
voltages, reference currents and reference resistance
values.

[0020] Thedisplay apparatus of the invention may fur-
ther comprise a control means for controlling the refer-
ence value selecting means such that, with regard to a
period for which a current is fed to one of the light-emit-
ting elements, a value of a constant current supplied to
the element for a specific period started at a point at
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which the current starts to be supplied is greater than a
value of a constant current supplied to the element for
a remaining period.

[0021] According to the display apparatus of the in-
vention, the display may further include a plurality of
scanning electrodes and a plurality of data electrodes
intersecting the scanning electrodes, and each of the
light-emitting elements is located at an intersection be-
tween each of the scanning electrodes and each of the
data electrodes and connected to these scanning and
data electrodes. In addition, the drive means may supply
a constant current to the light-emitting elements through
the data electrodes.

[0022] According to the display apparatus of the in-
vention, the light-emitting elements may be organic
electroluminescent elements.

[0023] A method of the invention is provided for driv-
ing a display apparatus including: a display including a
plurality of light-emitting elements; and a drive means
for driving the light-emitting elements by selectively sup-
plying power required for light emission to the elements;
the drive means including: a constant current circuit for
supplying a constant current to the light-emitting ele-
ments, the constant current being determined by a ref-
erence value given; and a reference value selecting
means for selecting one of a plurality of reference values
and giving the value selected to the constant current cir-
cuit. The method comprises the step of supplying a cur-
rent from the drive means to one of the light-emitting
elements while the reference value selecting means is
controlled such that, with regard to a period for which
the current is fed to the light-emitting element, a value
of a constant current supplied to the element for a spe-
cific period started at a point at which the current starts
to be supplied is greater than a value of a constant cur-
rent supplied to the element for a remaining period.
[0024] According to the method of driving the display
apparatus of the invention, a current is supplied to the
light-emitting element as described above, so that a de-
lay in rising of drive voltage is suppressed.

[0025] According to the method of the invention, the
reference values may be any of reference voltages, ref-
erence currents and reference resistance values.
[0026] According to the method of the invention, the
display may further include a plurality of scanning elec-
trodes and a plurality of data electrodes intersecting the
scanning electrodes, and each of the light-emitting ele-
ments is located at an intersection between each of the
scanning electrodes and each of the data electrodes
and connected to these scanning and data electrodes.
In addition, the drive means may supply a constant cur-
rent to the light-emitting elements through the data elec-
trodes.

[0027] According to the method of the invention, the
light-emitting elements may be organic electrolumines-
cent elements.

[0028] Other and further objects, features and advan-
tages of the invention will appear more fully from the fol-
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lowing description.
BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1 is a block diagram illustrating an example of
the entire configuration of a display apparatus of an
embodiment of the invention.

FIG. 2 is a schematic circuit diagram illustrating the
configuration of the organic EL display, the scan-
ning electrode drive circuit and the data electrode
drive section of FIG. 1.

FIG. 3 is a circuit diagram showing the main part of
FIG. 2.

FIG. 4 is a circuit diagram that illustrates an exam-
ple of configuration of the constant current circuit of
FIG. 3 and its peripheral circuitry.

FIG. 5 is a circuit diagram that illustrates an exam-
ple of a reference value generating circuit of the em-
bodiment of the invention.

FIG. 6 is a circuit diagram that illustrates another
example of the reference value generating circuit of
the embodiment of the invention.

FIG. 7 is a circuit diagram that illustrates the main
part of the constant current circuit when the refer-
ence value generating circuit of FIG. 6 is utilized.
FIG. 8is acircuitdiagram thatillustrates still another
example of the reference-value generating circuit of
the embodiment.

FIG. 9is acircuit diagram that illustrates still another
example of the reference value generating circuit of
the embodiment.

FIG. 10 is a circuit diagram that illustrates the main
part of the constant current circuit when the refer-
ence value generating circuit of FIG. 8 or 9 is uti-
lized.

FIG. 11 is a circuit diagram that illustrates still an-
other example of the reference value generating cir-
cuit of the embodiment.

FIG. 12 is a circuit diagram that illustrates still an-
other example of the reference value generating cir-
cuit of the embodiment.

FIG. 13 is an explanatory view for describing an ex-
ample of configuration of the organic EL display of
the embodiment.

FIG. 14 illustrates the waveform of current supplied
to the organic EL element and the waveform of volt-
age across the organic EL element, according to the
embodiment.

FIG. 15 illustrates the waveform of current supplied
to the capacitive load from the constant current
source, and the waveform of voltage across the ca-
pacitive load.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Anembodimentofthe invention will now be de-
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scribed in detail with reference to the accompanying
drawings.

[0031] FIG. 1is a block diagram illustrating an exam-
ple of the entire configuration of a display apparatus of
the embodiment of the invention. The display apparatus
of the embodiment comprises an organic EL display 1
incorporating: scanning electrodes and data electrodes
that are arranged in a matrix; and a plurality of organic
EL elements that function as light-emitting elements
connected to the respective scanning electrodes and
data electrodes, each of the organic EL elements being
located at the intersection of each of the scanning elec-
trodes and each of the data electrodes. Each of the EL
elements illuminates when a specific voltage is applied
across the element by each of the scanning electrodes
and each of the data electrodes. The organic EL display
1 corresponds to the display of the invention.

[0032] The display apparatus of the embodiment fur-
ther comprises: a scanning electrode drive circuit 2 for
driving the scanning electrodes of the display 1; a data
electrode drive section 3 for driving the data electrodes
of the display 1; a main controller 4 for outputting data
to be displayed at the display 1 and data relating to dis-
play; a display controller 5 for controlling the timing of
display at the display 1 and the display size and so on
in response to the display data obtained from the main
controller 4. The display apparatus further comprises: a
display data storage 6 connected to the display control-
ler 5 and provided for retaining the display data obtained
from the main controller 4; an oscillator 7 for generating
a clock to be used at the main controller 4 and supplying
this clock thereto; and an oscillator 8 for generating a
clock to be used at the display controller 5 and supplying
this clock thereto. The scanning electrode drive circuit
2 and the data electrode drive section 3 correspond to
the drive means of the invention that selectively supplies
power required for light emission to the EL elements.
The display controller 5 corresponds to the control
means of the invention.

[0033] The scanning electrode drive circuit 2 is con-
nected to the scanning electrodes of the display 1
through a connector 12. In this embodiment a plurality
of data electrodes are divided into four groups. The data
electrode drive section 3 includes four data electrode
drive circuits 3A to 3D for driving the data electrodes of
the respective groups. The drive circuits 3A to 3D are
connected to the data electrodes of the respective
groups through connectors 13A to 13D. The connectors
12 and 13A to 13D may be heat seal connectors or flex-
ible substrates, for example.

[0034] The main controller 4 is connected to the dis-
play controller 5 through a control bus 21, a data bus 22
and an address bus 23. The display controller 5 is con-
nected to the display data storage 6 through a control
bus 24, a data bus 25 and an address bus 26.

[0035] The display controller 5 is connected to the
drive circuits 2 and 3A to 3D through a signal line 27 for
sending a latch pulse from the display controller 5 to the
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drive circuits 2 and 3A to 3D. The latch pulse is a signal
that indicates the timing of switching of the scanning
electrodes to be selected and the timing of display of
one line. The display controller 5 is connected to the
drive circuits 2 and 3A to 3D through a control bus 28.
The display controller 5 is connected to the drive circuits
3A to 3D through a data bus 29.

[0036] The main controller 4 sends the display con-
troller 5 a control signal for instructing data input or out-
put through the control bus 21 and for giving instruction
for the operation of the display data storage 6. The main
controller 4 also sends address data to the display con-
troller 5 through the address bus 23, and sends display
data and commands thereto through the data bus 22.
[0037] The display controller 5 sends the display data
storage 6 a control signal through the control bus 24,
and address data through the address bus 26. Through
the data bus 25, the display controller 5 gives the display
data storage 6 the display data sent from the main con-
troller 4 and writes the data therein, or reads display data
from the storage 6.

[0038] The display controller 5 sends a control signal
to each of the drive circuits 2 and 3A to 3D through the
control bus 28, and sends a latch pulse thereto through
the signal line 27 to control each of the drive circuits 2
and 3A to 3D. In addition, the display controller 5 trans-
fers display data to the drive circuits 3A to 3D through
the data bus 29 to control the display. When data of an
image (or a character) to be displayed is dot data cre-
ated by organic EL elements, that is, dots (pixels) each
of which is provided at each intersection of the matrix of
the EL display 1, the display controller 5 generates such
a signal that the scanning electrode and the data elec-
trode corresponding to the coordinates of the dot to be
displayed are driven. Furthermore, the display controller
5 also performs control of frame-by-frame driving and
the drive ratio (duty) of the scanning electrodes and the
data electrodes and so on.

[0039] The main controller 4 may be, in general, im-
plemented by a multipurpose micro processor (MPU)
and control algorithms and so on stored in storage me-
dia, such as read only memory (ROM) and a random
access memory (RAM), connected to the MPU. The
main controller 4 may be any type of processor such as
a complex instruction set computer (CISC), a reduced
instruction set computer (RISC) or a digital signal proc-
essor (DSP), regardless of the configuration of the proc-
essor. Furthermore, the main controller 4 may be made
up of a combination of logic circuits such as an applica-
tion specified integrated circuit. Although the main con-
troller 4 of FIG. 1 is independent, the controller 4 may
be created as a part of the display controller 5 or a con-
troller and so on of the apparatus on which the display
1 is mounted.

[0040] The display controller 5 may be made up of
components such as: a control circuit made of, for ex-
ample, a composite logic circuit or a processor having
a specific computing function; a buffer memory used
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when the control circuit sends data to the external main
controller 4 and so on and receives data therefrom; a
timing signal generator circuit (an oscillator circuit) for
providing the control circuit with a timing signal, a display
timing signal, a timing signal for reading data from an
external storage and so on or writing data therein; a stor-
age control circuit for exchanging display data and so
on with the external storage; a drive signal sending cir-
cuit for generating a drive signal based on the display
data read from the external storage or sent from an ex-
ternal source, or the display data obtained by process-
ing such display data, and sending out the drive signal;
and several types of registers for storing data sent from
an external source relating to the display function or the
display and so on used for display, or storing control
commands and so on.

[0041] The display data storage 6 retains, for exam-
ple, data (a conversion table) required for developing
image data sent from an external source at the organic
EL display 1 as matrix data, and matrix data that repre-
sents specific character data or image data, and so on.
Reading and writing of such data is performed by des-
ignating the storage location (address) of each data as
necessary. The display data storage 6 having such a
function is preferably a semiconductor memory such as
a RAM (such as a video RAM [VRAM]) or a ROM, but
may be any other storage medium such as a medium
utilizing optics or magnetism.

[0042] The circuit configuration of FIG. 1 is no more
than an example of configuration for driving the organic
EL display 1, and may be any other configuration that
has equivalent functions.

[0043] FIG. 2 is a schematic circuit diagram illustrat-
ing the configuration of the organic EL display 1, the
scanning electrode drive circuit 2 and the data electrode
drive section 3 of the display apparatus of the embodi-
ment. In this embodiment the display 1 has the config-
uration of matrix electrodes and driven by the dynamic
drive method. According to the embodiment, the scan-
ning electrodes are driven as electron injection elec-
trodes, and the data electrodes are driven as hole injec-
tion electrodes.

[0044] The organic EL display 1 includes: scanning
electrodes RL1 to RLn and data electrodes CL1 to CLm
that are arranged in a matrix; and a plurality of organic
EL elements EL4 4 to EL, , that function as a plurality
of light-emitting elements connected to the respective
scanning electrodes and data electrodes, each of the
organic EL elements being located at the intersection of
each of the scanning electrodes and each of the data
electrodes. Each of the EL elements is illuminated when
the difference in electric potential between the scanning
electrode and the data electrode connected to the EL
element is equal to or greater than a specific threshold
value. RLy (y = 1 to n) indicates the scanning electrode
of yth row. CLx (x = 1 to m) indicates the data electrode
of xth column. EL, , indicates the organic EL element of
xth column and yth row. The organic EL elements are
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capacitive loads. FIG. 2 illustrates the organic EL ele-
ments as parallel circuits of diode components and par-
asitic capacitances.

[0045] The scanning electrode drive circuit 2 is con-
nected to the scanning electrodes RL1 to RLn of the dis-
play 1, and drives the electrodes RL1 to RLn such that
the electrodes RL1 to RLn are selected by turns. The
data electrode drive section 3 (the data electrode drive
circuits 3A to 3D) is connected to the data electrodes
CL 1 to CLm of the display 1, and drives the electrodes
CL1 to CLm such that any of the electrodes CL1 to CLm
is selected.

[0046] The scanning electrode drive circuit 2 includes
switches S21 to S2n whose number is n. The moving
contact of each of the switches S21 to S2n is connected
to each of the scanning electrodes RL1 to RLn. A high
voltage Vs is applied to one of the two fixed contacts of
each of the switches S21 to S2n. A ground voltage (0
volt) is applied to the other one of the fixed contacts of
each of the switches S21 to S2n. The drive circuit 2 has
the moving contact of one of the switches connected to
the ground-voltage-side fixed contact. A ground voltage
is thereby applied to the scanning electrode connected
to this switch, and the scanning electrode is selected.
The drive circuit 2 has the moving contact of another
one of the switches connected to the Vs-side fixed con-
tact. A high voltage Vs is thereby applied to the scanning
electrode connected to this switch, and the scanning
electrode is nonselected. The drive circuit 2 repeats
those operations for the switches S21 to S2n by turns
and performs line-by-line sequential drive.

[0047] Reference is now made to FIG. 3 to describe
the configuration of the data electrode drive section 3.
FIG. 3 is a circuit diagram showing the main part of FIG.
2. In FIG. 3 one of the data electrodes CL1 to CLm is
indicated with CL. In FIG. 3 organic EL elements D1,
D2, D3 and so on connected to the data electrode CL
and the respective scanning electrodes RL 1, RL2, RL3
and so on are indicated with diode components. The da-
ta electrode CL is connected to the anodes of the diode
components of the EL elements D1, D2, D3 and so on.
The scanning electrodes RL 1, RL2, RL3 and so on are
connected to the cathodes of the diode components of
the EL elements D1, D2, D3 and so on.

[0048] As shown in FIG. 3, the data electrode drive
section 3 includes constant current circuits 31 each of
which is provided for supplying a constant current to the
data electrode CL. The drive section 3 further includes:
a switch S11 provided between the constant current cir-
cuit 31 and a voltage source 30 for supplying a high volt-
age Vd to the constant current circuit 31; and a switch
S12 having an end connected to the data electrode CL.
The switch S12 has the other end grounded through a
low-impedance line. The switch S11 is opened and
closed in response to a pixel signal (display data) cor-
responding to the data electrode CL. The switch S12 is
opened and closed such that the state thereof is the re-
verse of the state of the switch S11.
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[0049] Thedataelectrode drive section 3 operates the
switches S11 and S12 in synchronization with the oper-
ations of the switches S21 to S2n of the scanning elec-
trode drive circuit 2. To be specific, when one of the
scanning electrodes is selected, the drive section 3 clos-
es the switch S11 corresponding to the data electrode
CL connected to the organic RL element to be illuminat-
ed, and opens the switch S12, and thereby supplies the
constant current generated at the constant current cir-
cuit 31 to the EL element. The drive section 3 opens the
switch S11 and closes the switch S12 so that the ground
voltage is applied to the data electrodes CL connected
to EL elements other than the element to be illuminated.
[0050] As shown in FIG. 3, the scanning electrodes
RL1, RL2, RL3 and so on are grounded or connected to
the feeder lines of high voltage Vs through the respec-
tive switches S21, S22, S23 and so on that are switched
by turns by a shift register and so on of the scanning
electrode drive circuit 2. In the example shown in FIG.
3, the switches S21, S22, S23 and so on are connected
to the cathodes of the diode components of the EL ele-
ments D1, D2, D3 and so on that function as loads.
Therefore, the scanning electrodes RL1, RL2, RL3 and
s0 on may be maintained at high impedance, instead of
connecting them to the feeder lines of high voltage Vs.
[0051] In the example shown in FIG. 3, the scanning
electrode RL2 is grounded through the switch S22 and
selected. The pixel signal corresponding to the data
electrode CL is '1' and the switch S11 is closed while the
switch S12 is opened. Therefore, the constant current
circuit 31 receives the high voltage Vd and brought to
an operating state, and the data electrode CL is sepa-
rated from the ground point by the switch S12. As a re-
sult, a current of constant value is fed to the ground point
from the constant current circuit 31 through the data
electrode CL, the EL element D2, the scanning elec-
trode RL2 and the switch S22. The EL element D2 there-
by illuminates. Since the high voltage Vs is applied to
the scanning electrodes RL1 and RL3 through the
switches S21 and S23, respectively, no current is fed to
the EL elements D1 and D3, and the EL elements D1
and D3 do not illuminate.

[0052] If the scanning electrode selected shifts from
the electrode RL2 to the electrode RL3, the switch S22
is switched and the high voltage Vs is applied to the elec-
trode RL2. The current fed to the EL element D2 is
stopped and the EL element D2 stops illuminating. If the
pixel signal corresponding to the data electrode CL is '0'
when the scanning electrode RL3 is selected, the switch
S11is opened and the switch S12 is closed. As a result,
the operation of the constant current circuit 31 is
stopped and the data electrode CL is grounded through
the switch S12. Discharging is thereby started through
the switch S12 from the data electrode CL and the inside
of the EL element D2 that have conducted to the con-
stant current circuit 31 until immediately before this mo-
ment.

[0053] If the pixel signal corresponding to the data
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electrode CL is maintained at '0' for a long period, dis-
charging from the data electrode CL and the inside of
the EL element D2 is entirely completed. Then, during
a period until the pixel signal turns to '1', the EL element
D2 is kept reverse-biased, and a reduction in light-emit-
ting characteristic accompanying migration of particles
inthe EL element D2 is recovered. Such recovery is per-
formed on not only the EL element D2 but also all the
EL elements connected to the data electrode CL and
the scanning electrodes that are not selected.

[0054] FIG. 4 is a circuit diagram that illustrates an
example of configuration of the constant current circuit
31 of FIG. 3 and its peripheral circuitry. In this example
each of the switches S11 and S12 is made up of a field
effect transistor. The field effect transistor making up the
switch S11 has a gate to which a pixel signal Sc intact
is applied. The field effect transistor making up the
switch S12 has a gate to which a signal made of the
pixel signal Sc reversed by an inverter 36 is applied.
[0055] The constant current circuit 31 of FIG. 4 in-
cludes: a resistor 32 having ends one of which is con-
nected to the switch S11; a field effect transistor 33 hav-
ing a drain connected to the other end of the resistor 32,
and a source connected to the data electrode CL; and
an operational amplifier 34 having an output connected
to the gate of the transistor 33. The amplifier 34 has in-
puts one of which is connected to the node between the
resistor 32 and the transistor 33 and to the other of which
reference voltage Vref as the reference value is applied.
[0056] In the constant current circuit 31 of FIG. 4 the
amplifier 34 generates a control voltage corresponding
to the relationship in magnitude between the reference
voltage Vref and the voltage at the node between the
resistor 32 and the transistor 33. This control voltage is
applied to the gate of the transistor 33 so that the value
of the current fed to the transistor 33, that is, the current
supplied to the data current CL, is kept constant.
[0057] FIG. 3 andFIG. 4 illustrate the example of con-
figuration including the switch S11 that is opened and
closed in response to the pixel signal Sc and provided
between the constant current circuit 31 and the feeder
line of constant voltage. However, such a switch may be
included in the constant current circuit as part of it, or
the constant current source itself in the constant current
circuit may be operated as a switch. Such a configura-
tion allows the constant current circuit connected to the
data electrode CL to be switched between the operating
state and the non-operating state, in response to wheth-
er the pixel signal Sc supplied to the data electrode CL
is '1"or '0". An example of configuration that has the con-
stant current source itself operate as a switch is that the
constant current source is formed as a current mirror,
and the primary constant current circuit that determines
the current capability of the constant current source is
stopped to operate, so that the operation of the constant
current source is stopped.

[0058] FIG. 5 is a circuit diagram that illustrates an
example of a reference value generating circuit that gen-

10

15

20

25

30

35

40

45

50

55

erates the reference voltage Vref as the reference value
given to the constant current circuit 31 of FIG. 4. The
reference value generating circuit 40 of FIG. 5 includes
Zener diodes TD1 and TD2, a switch S3 and a resistor
41. Each of the Zener diodes TD1 and TD2 has an an-
ode grounded. The switch S3 has a moving contact and
two fixed contacts. The Zener diode TD1 has a cathode
connected to one of the fixed contacts of the switch S3.
The Zener diode TD2 has a cathode connected to the
other one of the fixed contacts of the switch S3. The re-
sistor41 has an end to which supply voltage V is applied,
and another end connected to the moving contact of the
switch S3. The node between the resistor 41 and the
switch S3 is connected to an output 42 from which the
reference voltage Vref is outputted. The resistor 41 is
provided for controlling the current fed to the output 42.
[0059] The reference value generating circuit 40 of
FIG. 5 is provided in the data electrode drive section 3
of FIG. 1, and gives common reference voltage Vref to
the constant current circuit 31 provided in each of the
data electrodes. The switch S3 is controlled by the dis-
play controller 5 in synchronization with a latch pulse.
The control signal switching the switch S3 may be out-
putted from the display controller 5 or may be generated
at the circuit in the data electrode drive section 3, based
on the latch pulse outputted from the display controller 5.
[0060] According to the reference value generating
circuit 40 of FIG. 5, the Zener voltage value of the Zener
diode TD1 is greater than that of the Zener diode TD2.
As a result, the reference voltage Vref obtained when
the moving contact of the switch S3 is connected to the
fixed contact on a side of the Zener diode TD1 is greater
than the reference voltage Vref obtained when the mov-
ing contact of the switch S3 is connected to the fixed
contact on a side of the Zener diode TD2. According to
the constant current circuit 31 of FIG. 4, the greater the
reference voltage Vref, the greater the constant current
outputted. Therefore, it is possible to change the value
of the constant current outputted from the constant cur-
rent circuit 31 by switching the switch S3 in the reference
value generating circuit 40 to change the magnitude of
the reference voltage Vref.

[0061] According to the constant current circuit 31 of
FIG. 4, the magnitudes of the reference voltages Vref
with respect to each other and magnitudes of the con-
stant current values with respect to each other stated
above may be reversed. In this case, the reference val-
ue generating circuit 40 outputs the smaller reference
voltage Vref when the greater constant current is select-
ed. The circuit 40 outputs the greater reference voltage
Vref when the smaller constant current is selected.
[0062] The reference value generating circuit 40 cor-
responds to the reference value selecting means of the
invention. The constant current circuit 31 and the refer-
ence value generating circuit 40 make up the constant
current apparatus of this embodiment of the invention.
[0063] The reference value given to the constant cur-
rent circuit 31 is not limited to the reference voltage Vref
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but may be a reference current. FIG. 6 is a circuit dia-
gram that illustrates an example of a reference value
generating circuit that generates such a reference cur-
rent. The reference value generating circuit 50 of FIG.
6 includes Zener diodes TD3 and TD4, a switch S4 and
resistors 51, 52 and 53. The resistor 51 has ends one
of which receives supply voltage V and the other of
which is connected to the cathode of the Zener diode
TD3. The anode of the Zener diode TD3 is grounded.
The resistor 52 has ends one of which receives supply
voltage V and the other of which is connected to the
cathode of the Zener diode TD4. The anode of the Zener
diode TD4 is grounded. The switch S4 has a moving
contact and two fixed contacts. The node between the
resistor 51 and the Zener diode TD3 is connected to one
of the fixed contacts of the switch S4. The node between
the resistor 52 and the Zener diode TD4 is connected
to the other one of the fixed contacts of the switch S4.
The resistor 53 has an end connected to the moving
contact of the switch S4, and another end connected to
an output 54 from which the reference voltage Irefis out-
putted.

[0064] Here, the Zener voltage value of the Zener di-
ode TD3 is Vz1, the Zener voltage value of the Zener
diode TD4 is Vz2, and the resistance value of the resis-
tor 53 is R. In this case, the reference current Iref is Vz1/
R when the moving contact of the switch S4 is connect-
ed to the fixed contact on a side of the Zener diode TD3.
The reference current Iref is Vz2/ R when the moving
contact of the switch S4 is connected to the fixed contact
on a side of the Zener diode TD4. Therefore, the refer-
ence value generating circuit 50 of FIG. 6 is allowed to
selectively output two types of reference currents Iref
having different values if the Zener voltage values Vz1
and Vz2 of the Zener diodes TD3 and TD4 are different.
[0065] To supply the reference current Iref outputted
from the reference value generating circuit 50 of FIG. 6
to the constant current circuit 31 of FIG. 4 as a reference
value, the input of the operational amplifier 34 that re-
ceives the reference value may be grounded through a
resistor 56 having a specific resistance value, and the
reference current Iref may be supplied to the node be-
tween the input of the amplifier 34 and the resistor 56,
as shown in FIG. 7.

[0066] The reference value given to the constant cur-
rent circuit 31 may be a reference resistance value. FIG.
8 is a circuit diagram that illustrates an example of a
reference value generating circuit that generates such
a reference resistance value. The reference value gen-
erating circuit 60 of FIG. 8 includes a switch S5 and re-
sistors R1 and R2 having different resistance values.
The switch S5 has a moving contact and two fixed con-
tacts. One of the fixed contacts of the switch S5 is
grounded through the resistor R1 and the other fixed
contactis grounded through the resistor R2. The moving
contact is connected to an output 61. The reference re-
sistance value Rref outputted from the reference value
generating circuit 60 is the resistance value of the resis-
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tor R1 or R2 selectively connected to the output 61
through the switch S5.

[0067] FIG. 9 is a circuit diagram that illustrates an-
other example of the reference value generating circuit
that generates a reference resistance value. The refer-
ence value generating circuit 60 of FIG. 9 includes an
open/ close switch S6 and resistors R3 and R4 having
different resistance values. The switch S6 has a moving
contact and a fixed contact. The resistor R3 has an end
grounded and another end connected to the output 61.
The resistor R4 has an end grounded and another end
connected to the fixed contact of the switch S6. The
moving contact of the switch S6 is connected to the out-
put 61. According to the reference value generating cir-
cuit 60 of FIG. 9, the reference resistance value Rref
outputted from the output 61 is the resistance value of
the resistor R3 when the switch S6 is opened, and the
combined resistance value of the resistors R3 and R4
when the switch S6 is closed.

[0068] To supply the reference resistance value Rref
outputted from the reference value generating circuit 60
of FIG. 8 or FIG. 9, to the constant current circuit 31 of
FIG. 4 as a reference value, the supply voltage V may
be applied through a resistor 66 having a specific resist-
ance value to the input of the operational amplifier 34
that receives the reference value, and the output of the
reference value generating circuit 60 from which the ref-
erence resistance value Rref is outputted may be con-
nected to the node between the input of the amplifier 34
and the resistor 66, as shown in FIG. 10.

[0069] The method of switching the reference value
through the use of the open/ close switch as shown in
FIG. 9 may be applied to the reference value generating
circuit 40 that generates a reference voltage as shown
in FIG. 5. In this case, for example, the circuit 40 may
include an open/ close switch S7 as shown in FIG. 11,
in place of the switch S3 of FIG. 5. The switch S7 has
an end connected to the cathode of the Zener diode
TD2, and another end connected to the output 42. The
cathode of the Zener diode TD1 is connected to the out-
put 42. A resistor 71 of FIG. 11 is provided, in place of
the resistor 41 of FIG. 5, for controlling the current fed
to the output 42. According to the reference value gen-
erating circuit 40 of FIG. 11, the Zener voltage value of
the Zener diode TD1 is greater than that of the Zener
diode TD2, and the reference voltage Vref outputted
from the output 42 when the switch S7 is opened is a
first reference voltage. It is thereby possible to generate
a second reference voltage lower than the first reference
voltage when the switch S7 is closed.

[0070] Similarly, the method of switching the refer-
ence value through the use of the switch as shown in
FIG. 9 may be applied to the reference value generating
circuit 50 that generates a reference current as shown
in FIG. 6. In this case, for example, the circuit 50 may
include a Zener diode TD, an open/ close switch S8 and
resistors 80, 81 and 82, as shown in FIG. 12. The resis-
tor 80 has an end to which the supply voltage V is ap-
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plied, and another end connected to the cathode of the
Zener diode TD. The anode of the Zener diode TD is
grounded. The resistor 81 has an end connected to the
node between the resistor 80 and the Zener diode TD,
and another end connected to an output 84 from which
the reference voltage Iref is outputted. The switch S8
has an end connected to the node between the resistor
80 and the Zener diode TD, and another end grounded
through the resistor 82. According to the reference value
generating circuit 50 of FIG. 12, the reference current
Iref outputted from the output 84 when the switch S8 is
opened is a first reference current. When the switch S8
is closed, part of the current fed to the resistor 81 when
the switch S8 is opened is shunted to the resistor 82. It
is thereby possible to generate a second reference cur-
rent lower than the first reference current.

[0071] According to the method of driving the display
apparatus of the embodiment of the invention, the ref-
erence value (reference voltage Vref, reference current
Iref or reference resistance value Rref) outputted from
the reference value generating circuit (40, 50 or 60) is
switched such that, with regard to the period for which
a current is supplied to the organic EL element, that is,
the period for which one of the scanning electrodes is
selected, the value of the constant current (hereinafter
called a first constant current value) supplied to the EL
element for a specific period started at the point at which
the current starts to be supplied is greater than the value
of the constant current (hereinafter called a second con-
stant current value) supplied to the EL element for the
remaining period. The second constant current value is
Ly that allows the voltage across the organic EL element
to be a constant value V, when the steady state is
achieved.

[0072] The timing at which switching between the first
and second constant current values is made depends
on the number of scanning electrodes of the display 1.
Basically, the period for which the first constant current
value is selected is equal to or shorter than one fifth, or
preferably one tenth, or more preferably one twentieth
of the period for which one of the scanning electrodes
is selected. However, a constant current enough for il-
lumination is supplied to the EL element, regardless of
whether the first or second constant current value is se-
lected. A desired luminance intensity is thereby
achieved.

[0073] Reference is now made to FIG. 13 to describe
an example of configuration of the organic EL display
used in the display apparatus of the embodiment. FIG.
13 illustrates the example of configuration of the organic
EL display. The EL display 1 of this example has a struc-
ture that a hole injection layer 93, a hole migration layer
94, alight-emitting layer 95 and an electron injection and
migration layer 96 are stacked in this order between hole
injection electrodes (data electrodes) 92 and electron
injection electrodes (scanning electrodes) 97 arranged
in a matrix on a substrate 91, the hole injection layer 93
being closest to the hole injection electrodes 92. A pro-
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tection layer is further provided, if necessary, on the
stacked layers on which a sealing plate of glass, for ex-
ample, is further placed. Each of the organic EL ele-
ments is formed at the intersection of each of the hole
injection electrodes 92 and each of the electron injection
electrodes 97. In this example the substrate 91 is a glass
substrate and the data electrodes 92 are transparent
electrodes.

[0074] Anexample of method of fabricating the organ-
ic EL display of FIG. 13 will now be described. In this
example a thin film made of ITO and having a thickness
of about 100 nm is formed through sputtering on the
glass substrate 91. The thin film of ITO thus obtained is
patterned by etching through the use of photolithogra-
phy to form the hole injection electrodes 92 having a pat-
tern of 256 by 64 dots (pixels), for example.

[0075] Next, ultraviolet-ozone cleaning is performed
on the surface of the substrate on which the above-men-
tioned hole injection electrodes 92 and wiring for the
electrodes and so on are formed. A mask for vapor dep-
osition is then placed on the substrate surface, and the
substrate is fastened to a substrate holder of a vacuum
deposition apparatus. The pressure in the apparatus is
then reduced.

[0076] Next, inthe vacuum deposition apparatus, pol-
ythiophene is deposited to a thickness of 10 nm on the
hole injection electrodes 92 to form the hole injection
layer 93. Next, while the reduced pressure in the appa-
ratus is maintained, N, N'-diphenyl-N, N'-m-tolyl-4, 4'-
diamino-1, 1'-biphenyl (TPD) is deposited to a thickness
of 35 nm on the hole injection layer 93 to form the hole
migration layer 94.

[0077] Next, while the reduced pressure in the appa-
ratus is maintained, tris (8-quinolinolate) aluminum
(Algs) is deposited to a thickness of 50 nm on the hole
migration layer 94 to form the light-emitting layer 95 and
the electron injection and migration layer 96.

[0078] Next, while the reduced pressure in the appa-
ratus is maintained, the structure made up of the above-
mentioned layers formed on the substrate 91 is moved
from the vacuum deposition apparatus to a sputtering
apparatus in which a film of AlLi (Li concentration: 7.2
at%) having a thickness of 50 nm is formed on the elec-
tron injection and migration layer 96 through sputtering
with1.0 Pa of pressure. The electron injection electrodes
97 are thus formed. In this case, the sputtering gas is
Ar, power is 100 W, the target size is 4 inches in diam-
eter, and the distance between the substrate and the
target is 90 mm.

[0079] Next, while the reduced pressure is main-
tained, the structure including the layers up to the elec-
tron injection electrodes 97 is moved to the sputtering
apparatus in which an Al protection electrode having a
thickness of 200 nm is formed on the electron injection
electrodes 97 through direct current sputtering using an
Al target. The above-mentioned mask for deposition is
removed when formation of all the layers is completed.
Finally, the glass sealing plate is bonded to the structure
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including the layers up to the Al protection electrode.
Fabrication of the organic EL display 1 is thus complet-
ed.

[0080] The display apparatus may be fabricated as
follows, using the organic EL display 1 fabricated as de-
scribed above. One scanning electrode drive circuit 2
made up of a 64-output driver IC and four data electrode
drive circuits 3A to 3D each of which is made up of a
64-output driver IC are tape-carrier-packaged (TAB), for
example, on the display 1. Furthermore, the drive cir-
cuits 2 and 3A to 3D are connected through flat cables
to a printed circuit board (PCB) on which control circuitry
such as controllers, a micro computer and so on are
mounted. The display apparatus is thus completed.
[0081] The operation of the display apparatus of this
embodiment will now be described. According to the dis-
play apparatus, the scanning electrode drive circuit 2
drives the scanning electrodes of the display 1 such that
these electrodes are selected one by one. The drive cir-
cuit 2 applies a ground voltage to one of the scanning
electrodes that is selected, and applies the high voltage
Vs to the scanning electrodes that are not selected. The
data electrode drive circuits 3A to 3D drives the data
electrodes of the display 1, based on the display data,
such that any of the data electrodes is selected. The
drive circuits 3A to 3D supply a constant current from
the constant current circuit 31 to one of the data elec-
trodes that is selected, and apply a ground voltage to
the data electrodes that are not selected. A constant cur-
rent is supplied from the constant current circuit 31 to
the organic EL element connected to the scanning elec-
trode and the data electrode that are selected. This EL
element thereby illuminates.

[0082] According to this embodiment, the reference
value such as reference voltage Vref, reference current
Iref or reference resistance value Rref given to the con-
stant current circuit 31 is switched. As a result, with re-
gard to the period for which one of the scanning elec-
trodes is selected, the value of the first constant current
supplied to the EL element for a specific period started
at the point at which the current starts to be supplied is
greater than the value of the second constant current
supplied to the EL element for the remaining period.
[0083] FIG. 14 illustrates the waveform of current sup-
plied to the organic EL element and the waveform of
voltage across the organic EL element, according to the
embodiment. FIG. 14 (a) illustrates the waveform of cur-
rent supplied to the EL element. FIG. 14 (b) illustrates
the waveform of voltage across the EL element when
the current having the waveform of (a) is supplied. In
this embodiment the second constant current value is
L, that allows the drive voltage across the EL element
to be a constant value V,; when the steady state is
achieved. The first constant current value is L, greater
than the second constant current value L. The second
constant current value L falls within the range of 50 pA
to 1 mA, or preferably the range of 50 uA to 800 pA, for
example. In this case, the first constant current value L,
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falls within the range of 100 pA to 2 mA, or preferably
the range of 200 uA to 1.5 mA, for example, where L, >
Lo.

[0084] According to the embodiment, the value of
constant current supplied to the organic EL element is
switched as described above, so that a delay in rising
of drive voltage of the EL element is suppressed for a
period in which a charging current is fed to the EL ele-
ment. According to the embodiment, the wave of the
drive voltage of the EL element when rising may abruptly
rise and reach the constant value V;, as shown with a
solid line of FIG. 14 (b), or may once become greater
than the constant value V; and then become equal to
the constant value V,, as indicated with two broken
lines. Alternatively, the wave may have a blunt portion
that is not as blunt as the wave of the prior-art example
shown in FIG. 15 (b).

[0085] According to the embodiment described so far,
when the organic EL element to be a capacitive load is
driven, the reference value given to the constant current
circuit 31 is switched. As a result, with regard to the pe-
riod for which a current is fed to the EL element, the
value of the constant current supplied to the EL element
for a specific period started at the point at which the cur-
rent starts to be supplied is greater than the value of the
constant current supplied to the EL element for the re-
maining period. A delay in rising of drive voltage of the
EL element is thereby suppressed for a period in which
a charging current is fed to the EL element, and a delay
in illumination of the EL element is suppressed. Accord-
ing to the embodiment, it is possible to hasten the rising
of drive voltage of the EL element, so that the drive rate
of the EL display 1 is increased.

[0086] According to the embodiment, the value of
constant current is changed by selecting the reference
value given to the constant current circuit 31. As aresult,
it is not necessary to provide the respective data elec-
trodes with a plurality of constant current circuits that
generate a plurality of types of constant currents having
different values. An increase in circuit size is thereby
prevented.

[0087] According to the embodiment, the EL display
1 is driven at a constant current. It is therefore easy to
determine the circuit constant of the reference value
generating circuit for determining the reference value
corresponding to the constant current value.

[0088] The presentinvention is not limited to the fore-
going embodiment but may be practiced in still other
ways. For example, the configuration of the constant
current circuit 31 is not limited to the one shown in FIG.
4 but may be any other one that is capable of changing
the constant current value by switching the reference
value such as reference voltage Vref, reference current
Iref or reference resistance value Rref. The reference
value generating circuit is not limited to the ones having
the configurations shown in FIG. 5, FIG. 6, FIG. 8, FIG.
9, FIG. 11 and FIG. 12, but may be any other one having
a configuration that is capable of outputting a plurality
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of reference values selectively. For example, the refer-
ence value generating circuit may be the one that gen-
erates a plurality of reference voltages Vref, reference
currents Iref or reference resistance values Rref through
the use of a potentiometer. The number of types of the
reference values is not limited to two but may be three
or greater. In such a case, it is preferred to switch the
reference values such that the closer to the point at
which the current is started to be supplied, the greater
the value of constant current supplied to the organic EL
element.

[0089] The invention is not limited to a display appa-
ratus incorporating a display made up of electrodes ar-
ranged in a matrix, but may be applied to a display ap-
paratus incorporating a display made up of electrodes
arranged in segments.

[0090] The invention is not limited to an organic EL
display apparatus but may be applied to display appa-
ratuses in general that incorporate light-emitting ele-
ments to be capacitive loads.

[0091] According to the constant current apparatus of
the invention described so far, when the capacitive load
is driven, the reference value selecting means is con-
trolled such that, with regard to the period for which a
current is fed to the capacitive load, the value of the con-
stant current supplied to the capacitive load for a specific
period started at the point at which the current starts to
be supplied is greater than the value of the constant cur-
rent supplied to the capacitive load for the remaining pe-
riod. A delay in rising of drive voltage is thereby sup-
pressed. According to the constant current apparatus of
the invention, the value of constant current is changed
by selecting the reference value given to the constant
current circuit. As a result, it is not necessary to provide
a plurality of constant current circuits that generate a
plurality of types of constant currents having different
values. An increase in circuit size is thereby prevented.
[0092] According to the display apparatus or the
method of driving the same of the invention, when the
light-emitting element to be a capacitive load is driven,
the reference value selecting means is controlled such
that, with regard to the period for which a current is fed
to the light-emitting element, the value of the constant
current supplied to the element for a specific period
started at the point at which the current starts to be sup-
plied is greater than the value of the constant current
supplied to the element for the remaining period. A delay
in rising of drive voltage is thereby suppressed. Accord-
ing to the display apparatus or the method of driving the
same of the invention, the value of constant current is
changed by selecting the reference value given to the
constant current circuit. As a result, it is not necessary
to provide a plurality of constant current circuits that gen-
erate a plurality of types of constant currents having dif-
ferent values. An increase in circuit size is thereby pre-
vented.

[0093] Obviously many modifications and variations
of the present invention are possible in the light of the
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above teachings. It is therefore to be understood that
within the scope of the appended claims the invention
may be practiced otherwise than as specifically de-
scribed.

Claims
1. A constant current apparatus comprising:

a constant current circuit for outputting a con-
stant current determined by a reference value
given; and

areference value selecting means for selecting
one of a plurality of reference values and giving
the value selected to the constant current cir-
cuit.

2. The constant current apparatus according to claim
1 wherein the reference values are any of reference
voltages, reference currents and reference resist-
ance values.

3. The constant current apparatus according to claim
1, being used for driving a capacitive load.

4. Adisplay apparatus comprising:

a display including a plurality of light-emitting
elements; and

a drive means for driving the light-emitting ele-
ments by selectively supplying power required
for light emission to the elements; wherein the
drive means includes:

a constant current circuit for supplying a
constant current to the light-emitting ele-
ments, the constant current being deter-
mined by a reference value given; and

a reference value selecting means for se-
lecting one of a plurality of reference values
and giving the value selected to the con-
stant current circuit.

5. The display apparatus according to claim 4 wherein
the reference values are any of reference voltages,
reference currents and reference resistance val-
ues.

6. The display apparatus according to claim 4, further
comprising a control means for controlling the ref-
erence value selecting means such that, with re-
gard to a period for which a current is fed to one of
the light-emitting elements, a value of a constant
current supplied to the element for a specific period
started at a point at which the current starts to be
supplied is greater than a value of a constant cur-
rent supplied to the element for a remaining period.
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The display apparatus according to claim 4 where-
in:

the display further includes a plurality of scan-
ning electrodes and a plurality of data elec-
trodes intersecting the scanning electrodes,
and each of the light-emitting elements is locat-
ed at an intersection between each of the scan-
ning electrodes and each of the data electrodes
and connected to these scanning and data
electrodes; and

the drive means supplies a constant current to
the light-emitting elements through the data
electrodes.

The display apparatus according to claim 4 wherein
the light-emitting elements are organic electrolumi-
nescent elements.

A method of driving a display apparatus including:
a display including a plurality of light-emitting ele-
ments; and a drive means for driving the light-emit-
ting elements by selectively supplying power re-
quired for light emission to the elements; the drive
means including: a constant current circuit for sup-
plying a constant current to the light-emitting ele-
ments, the constant current being determined by a
reference value given; and a reference value select-
ing means for selecting one of a plurality of refer-
ence values and giving the value selected to the
constant current circuit; the method comprising the
step of

supplying a current from the drive means to one
of the light-emitting elements while the refer-
ence value selecting means is controlled such
that, with regard to a period for which the cur-
rent is fed to the light-emitting element, a value
of a constant current supplied to the element
for a specific period started at a point at which
the current starts to be supplied is greater than
a value- of a constant current supplied to the
element for a remaining period.

The method according to claim 9 wherein the refer-
ence values are any of reference voltages, refer-
ence currents and reference resistance values.

The method according to claim 9 wherein:

the display further includes a plurality of scan-
ning electrodes and a plurality of data elec-
trodes intersecting the scanning electrodes,
and each of the light-emitting elements is locat-
ed at an intersection between each of the scan-
ning electrodes and each of the data electrodes
and connected to these scanning and data
electrodes; and
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the drive means supplies a constant current to
the light-emitting elements through the data
electrodes.

12. The method according to claim 9 wherein the light-

emitting elements are organic electroluminescent
elements.
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