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APPARATUS FOR DRIVING
ELECTROLUMINESCENCE DISPLAY PANEL
CAPABLE OF ENERGY RECOVERY

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2004-0081408, filed on 12
Oct. 2004, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for driving an
electroluminescence display panel, and more particularly, to
an apparatus for driving an electroluminescence display
panel having an icon area where predetermined icons are
displayed according to input icon data and a dot-matrix area
where variable images are displayed according to input dot-
matrix data.

2. Description of the Related Art

An electroluminescence display panel has an icon area
where predetermined icons are displayed according to input
icon data and a dot-matrix area where variable images are
displayed according to input dot-matrix data. The structure of
such an electroluminescence display panel is illustrated in
patent document, U.S. Pat. No. 6,236,443, incorporated
herein by reference, and a detailed description thereof is
omitted. In a typical apparatus for driving such an electrolu-
minescence display panel, all data electrode lines are
grounded by switching operations for initialization in a next
horizontal cycle after the dot-matrix area is driven in a corre-
sponding horizontal cycle. Such switching operations result
in there being an increased power consumption.

SUMMARY OF THE INVENTION

The present invention provides an apparatus for driving an
electroluminescence panel having an icon area and a dot-
matrix area, such that drive power efficiency is maximized
and power consumption is reduced in an application device.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses an apparatus for driving an
electroluminescence display panel, including an icon area
where an icon is displayed according to inputicon data, and a
dot-matrix area where a variable image is displayed accord-
ing to input dot-matrix data, wherein a current that is dis-
charged after the dot-matrix area is driven in a horizontal
drive period is applied a driver power supply terminal for the
icon area and/or the dot-matrix area.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated herein and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.

15

20

25

40

45

55

60

65

2

FIG. 1 is ablock diagram showing an apparatus for driving
an electroluminescence display panel according to an
embodiment of the invention.

FIG. 2 is a schematic circuit diagram showing a dot-matrix
area, a dot-matrix data driver, a dot-matrix scan driver, and a
pre-charge unit.

FIG. 3 is a timing chart showing control and drive signals
for driving a dot-matrix area shown in FIG. 1.

FIG. 4 is ablock diagram showing an apparatus for driving
an electroluminescence display panel according to another
embodiment of the invention.

FIG. 5 is a block diagram illustrating an apparatus for
driving an electroluminescence display panel according to
yet another embodiment of the invention.

FIG. 6 is a schematic circuit diagram illustrating a dot-
matrix area, a dot-matrix data driver, a dot-matrix scan driver,
and a switching circuit.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

The invention is described more fully hereinafter with ref-
erence to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.

FIG. 11s a schematic block diagram showing an apparatus
for driving an electroluminescence display panel 3 according
to an embodiment of the invention. FIG. 2 is a circuit diagram
showing a dot-matrix area 32, a dot-matrix data driver 22D, a
dot-matrix scan driver 228, and a pre-charge unit 9. In FIG. 2,
a reference symbol, EC, refers to an electroluminescent cell.

An apparatus for driving an electroluminescence display
panel 3 includes a controller 1, an icon column driver 21, an
icon row driver 21, a DC-to-DC converter 4, a dot-matrix
data driver 22, a dot-matrix scan driver 22, and a pre-charge
unit 9.

The electroluminescence display panel 3 includes an icon
area 31 and a dot-matrix area 32. In the icon area 31, at least
oneicon, e.g., apredetermined icon, is displayed according to
input icon data. In the dot-matrix area 32, a variable image is
displayed according to input dot-matrix data. More specifi-
cally, as described in patent document, U.S. Pat. No. 6,236,
443, incorporated herein by reference, a plurality of display
cells having different shapes may be provided in the icon area
31 in order to display a predetermined icon shape. Display
cells having substantially identical shapes are regularly or
uniformly established in the dot-matrix area 32 in order to
display variable images.

The display controller 1 includes a main display controller
11, an icon display controller 12, a dot-matrix display con-
troller 13, an oscillator 14, and a memory device 15. The
display controller 1 may be operated using a control DC
voltage, which may be generated by slightly modifying a
battery voltage V,, as an input DC voltage.

The display controller 11 outputs input image data D,,,
separated into icon data D, and dot-matrix data D, ,.

The icon display controller 12 processes the icon data D,
from the main display controller 11 based on the internal
arrangement on the icon area 31 of the electroluminescence
display panel 3 and outputs icon image data D, ,, and an icon
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column control signal D, to the icon column driver 21,
and an icon row-control signal D, to the icon row driver
21,.

The dot-matrix display controller 13 processes the dot-
matrix data Dy, from themain display controller 11 based on
the internal arrangement on the dot-matrix area 32 of the
electroluminescence display panel 3 and outputs dot-matrix
image data Dp,,, and a dot-matrix data-control signal
Dpusen to the dot matrix data driver 21, a dot-matrix scan-
control signal D, to the dot matrix scan driver 22, and a
pre-charge control signal D, . to the dot pre-charge circuit
9. The dot-matrix display controller 13 may control the dot-
matrix image data D, so that it is temporarily stored in the
memory device 15. The oscillator 14 generates a clock signal
CLK1 consisting of a predetermined frequency of pulses, and
transmits the clock signal CLK1 to the icon display controller
12 and the dot-matrix display controller 13.

The icon column driver 21 drives the column electrode
lines of the icon area 31 based on the icon column-control
signal D;.~and the icon image data D, received from the
icon display controller 12. The icon row driver 21 drives row
electrode lines of the icon area 31 based on the icon row-
control signal D, received from the icon display controller
12.

The DC-to-DC converter 4 increases the input DC voltage
V., applied to the input voltage terminal 41 to supply the
increased voltage V1 to the dot-matrix data driver 22,,.

The dot-matrix data driver 22, drives the data electrode
lines 3a through 3z in the dot-matrix area 32 based on the
dot-matrix data-control signal D, and the dot-matrix
image data Dy, received from the dot-matrix display con-
troller 13. Specifically, the increased voltage V1 from the
DC-to-DC converter 4 drives current sources 8a through 8z
based on their own gradation data, respectively.

The dot-matrix scan driver 22 controls scan switches 10a
through 10¢ based on the dot-matrix scan-control signal
Dpyscs from the dot-matrix display controller 13 to drive the
scan electrode lines 4a through 4z of the dot-matrix area.

As shown in FIG. 2, the pre-charge unit 9 may include a
switching circuit 25 and a charging circuit 22. The switching
circuit 25 includes a plurality of switching elements 25a
through 25z connected, e.g., coupled, with the data electrode
lines 3a through 3z in the dot-matrix area 32, respectively.
The charging circuit 22 is connected, e.g., coupled, between a
common output terminal of the switching circuit 25 and a
ground terminal to reserve part of the current discharged after
the dot-matrix area 32 is driven.

Thus, for example, the common output terminal of the
switching circuit 25 is electrically connected, e.g., coupled,
with the power terminal V ... of the icon column driver 21 ..
Therefore, the current 1,5, that is discharged after the dot-
matrix area 32 is driven in each horizontal drive cycle is
applied to the driver power supply terminal V ... of the icon
area 31. This will maximize drive power efficiency and
reduce power consumption in an application device as com-
pared with conventional driving apparatus.

FIG. 3 is a timing chart showing control and drive signals
for driving the dot-matrix area 32 shown in FIG. 1. In FIG. 3,
S;s 1s a horizontal synchronization signal included in the
dot-matrix data D, ,. S, is a pre-charge signal included in
the dot-matrix data-control signal D, ., and the pre-charge
control signal Dy, -p. Spp is @ peak-booting signal included
in the dot-matrix data-control signal Dy, and the pre-
charge control signal Dy, ,0p. Scp-is a voltage on one of the
data electrode lines 3a through 3z. S, is the amount of
current on one of the data electrode lines 3a through 3z.
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Referring to FIG. 2 and FIG. 3, each horizontal drive cycle
Trp15 T s starts when the voltage of the horizontal synchro-
nization signal S, is triggered from a ground voltage V 5 p
to a high voltage V5 5. In the first horizontal drive cycle
Tup1> @ peak-booting current 1., having a maximum current
amount is applied to the data electrode lines 3a through 3z
during an interval t3 through t4. The peak-booting signal S .,
decreases from a high voltage V. 5 to a ground voltage
V o i order to charge parasitic capacitors in the electrolu-
minescent cells. This minimizes an influence of the parasitic
capacitor during an actual operation interval t4 through t5, at
which a drive current I ;5 ,,-that is proportional to the grada-
tion data flows from the data electrode lines 3a through 3z to
each electroluminescent cell EC.

As aresult, during a pre-charge timing T, the switching
elements 25¢ through 25z in the switching circuit 25 are
turned on, so that a part of the current I, to be discharged
after the actual operating time of t4 through t5 is discharged
through a power supply terminal V .. in the driver of the icon
area 31 at an earlier timing. Therefore, it is possible to maxi-
mize driving current efficiency and reduce power consump-
tion. Meanwhile, part of the currents to be discharged after the
actual operation time of t4 through t5 is charged in the charg-
ing circuit 22, which reduces the data drive voltage.

Operations in the second horizontal drive cycle T, are
similar to those in the first horizontal drive cycle T,,,,, and
discussion thereof is omitted for purposes of convenience.

FIG. 4 is a block diagram illustrating an apparatus for
driving an electroluminescence display panel 32 according to
another embodiment of the invention. Like reference numer-
als in FIG. 1 and FIG. 4 denote like elements. Also, driving
sequences in FIG. 3 is may be similarly applied to the appa-
ratus shown in FI1G. 4, and thus only differences between FIG.
1 and FIG. 4 are described below.

According to the embodiment shown in FIG. 4, a switching
element SW may be connected or coupled between the com-
mon output terminal of the switching circuit 25 and the power
supply terminal V . of the icon column driver 21 .. A switch-
ing controller 7 may be included to control operations of the
switching element SW depending on the amount of current
flowing from the common output terminal of the switching
circuit 25. For example, when the amount of the current from
the common output terminal of the switching circuit 25
exceeds a predetermined level, the power supply terminal
V ce of the icon column driver 21 is coupled with the com-
mon output terminal of the switching circuit 25. Otherwise,
the power supply terminal V .. of the icon column driver 21,
is coupled with a separate power supply terminal T3. For
example, when only the icon area 31 is turned on in response
to a user’s selection, the power supply terminal V .. of the
icon column driver 21, is coupled with a separate power
supply terminal T3.

FIG. 5 is ablock diagram showing an apparatus for driving
an electroluminescence display panel 32 according to yet
another embodiment of the invention. FIG. 6 is a circuit
diagram illustrating a dot-matrix area 32, a dot-matrix data
driver 22, a dot-matrix scan driver 22, and a switching
circuit 25. In FIG. 5 and FIG. 6, like reference numerals
denote like elements. Also, driving sequences in FIG. 3 may
be similarly applied to the apparatus shown in FIG. 5, and
thus only the substantial differences between FIG. 1 and FIG.
5 are described below.

The common output terminal of the switching circuit 25 is
electrically connected to, e.g., coupled, with an input voltage
terminal 41 of the DC-to-DC converter 4. As a result, the
current I .., that is discharged after the dot-matrix area 32 is
driven in each horizontal drive cycle Ty, Typ, is dis-
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charged through the input voltage terminal 41 of the DC-to-
DC converter 4. Therefore, the drive current efficiency may
be maximized and power consumption may be reduced in an
application device.

According to the above described embodiments, the num-
ber of times for charging batteries of an electroluminescence
display apparatus may be reduced. Therefore, it is possible to
give accommodation to users.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An apparatus for driving an electroluminescence display
panel, comprising;

an icon area where an icon is displayed according to input
icon data;

a dot-matrix area where a variable image is displayed
according to input dot-matrix data, the dot-matrix area
comprising a data electrode line and a scan electrode
line;

a dot-matrix driver to drive the data electrode line of the
dot-matrix area;

a dot-matrix scan driver to drive the scan electrode line of
the dot-matrix area;

a switching circuit having a switching element coupled
with the data electrode line of the dot-matrix area;

an icon column driver to drive a column electrode line of
the icon area;
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an icon row driver to drive a row electrode line of the icon
area;
a switch;

a switching controller;

a power supply terminal of the icon column driver; and

a separate power supply terminal,

wherein a current that is discharged after the dot-matrix

area is driven in a horizontal drive period is applied to a
driver power supply terminal for the icon area and/or the
dot-matrix area, the driver power supply terminal being
connected to the data electrode line when the current is
applied to the driver power supply terminal, and
wherein the switching controller controls the switch to
couple either the separate power supply terminal or a
common output terminal of the switching circuit to the
power supply terminal of the icon column driver.

2. The apparatus of claim 1, wherein the switching control-
ler controls the switch according to an amount of current
received from the common output terminal of the switching
circuit.

3. The apparatus of claim 2, wherein when the amount of
current received from the common output terminal of the
switching circuit exceeds a first amount, the switching con-
troller controls the switch to couple the common output ter-
minal of the switching circuit to the power supply terminal of
the icon column driver, and when the amount of current
received from the common output terminal of the switching
circuit is less than the first amount, the switching controller
controls the switch to couple the separate power supply tet-
minal to the power supply terminal of the icon column driver.
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