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ORGANIC ELECTRO-LUMINESCENCE DISPLAY
DEVICE AND METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. P2004-68460 filed in Korea on Aug.
30, 2004, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic electro-
luminescence display device, and more particularly, to an
organic electro-luminescence display device and a method
of driving the same that is adaptive for reducing power
consumption by removing an unnecessary current as well as
for improving a uniformity of a display screen.

[0004] 2. Description of the Related Art

[0005] In recently, there has been developed various flat
panel displays with a reduced weight and bulk that are free
from the disadvantage of a cathode ray tube CRT. Such flat
panel displays include a liquid crystal display LCD, a field
emission display FED, a plasma display panel PDP, and an
electro-luminescence (hereinafter, referred to as an EL)
display devices.

[0006] The structure and fabricating process of the PDP
among these is relatively simple. Thus, the PDP is most
advantageous to be made large-sized, but has disadvantages
that the light emission efficiency and brightness thereof are
low and its power consumption is high.

[0007] The LCD is used as a display device of a notebook
computer, the demand for it is gradually increased. How-
ever, the LCD is difficult to be made large-sized because of
using a semiconductor process, and the LCD requires a
separate light source because it is not a self-luminous device.
Accordingly, the LCD has a disadvantage that the power
consumption is high due to the separate light source. Further,
the LCD has a disadvantage that there is a high optical loss
caused by optical devices such as a polarizing filter, a prism
sheet and a diffusion panel, and its viewing angle is narrow.

[0008] The EL display device is generally classified into
an inorganic EL display device and an organic EL display
device. The EL display device has an advantage that its
response speed is fast, its light-emission efficiency and
brightness are high, and it has wide viewing angle. The
organic EL display device can display a picture in a high
brightness of several ten thousands [cd/m ] with a voltage
of about 10[ V] and has been applied to most of EL display
devices, which are commonly used.

[0009] In a unit element of an organic EL display device,
as shown in FIG. 1, an anode 2 is formed of a transparent
conductive material on a substrate 1; and a hole injection
layer 3, a light-emitting layer 4 made of an organic material
and a cathode 15 made of a metal having a low work
function are disposed thereon. If an electric field is applied
between the anode 2 and the cathode §, then holes within the
hole injection layer 3 and electrons within the metal are
progressed into the light-emitting layer 4 to combine each
other in the light-emitting layer 4. Then, a phosphorous
material within the light-emitting layer 4 is excited and
transited to thereby generate a visible light. In this case, the
brightness is in proportion to a current between the anode 2
and the cathode 5.

1. Field of the Invention
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[0010] Such an organic EL display device is classified into
a passive type and an active type.

[0011] FIG. 2 is a circuit diagram showing equivalently a
portion of the passive type organic EL display device, and
FIG. 3 is a waveform diagram showing waveforms of a scan
signal and a data signal in the passive type organic EL
display device.

[0012] Referring to FIGS. 2 and 3, the passive type EL
display device includes an organic EL elements OLED
arranged at intersections between both a plurality data lines
D1 to D3 and a plurality of scan lines S1 to S3, which cross
each other, and both a plurality data lines D1 to D3 and a
plurality of scan lines S1 to S3, which cross each other.

[0013] The data lines D1 to D3 are connected to an anode
of the organic EL element OLED to supply a data current Id
to the anode of the organic EL element OLED.

[0014] The scan lines S1 to S3 are connected to a cathode
of the organic EL element OLED to supply scan pulses SP1
to SP3, synchronized with the data current Id, to the cathode
of the organic EL element OLED.

[0015] The organic EL elements OLED emit light in
proportion to a current flowing between the anode 2 and
cathode 5 during a display period DT when the scan pulses
SP1 to SP3 are applied thereto. The organic EL elements
OLED are charged with current during a response time RT
delayed by a resistance component of the data lines D1 to D3
and a capacitance existed in the organic EL elements OLED,
so that there is a problem of a low response speed and a low
brightness. In order to compensate a low response speed of
the organic EL elements OLED, it is on a trend that a
pre-charge period PCHA is provide in non-display periods
DCHA and PCHA between the display period DT and the
display period DT as shown in FIG. 4 and the organic EL
devices OLED are pre-charged during the pre-charge period
PCHA.

[0016] However, in the related art pre-charge drive
method, a maximum data current is supplied during the
pre-charge period PCHA irrespective of gray level value of
data applied to the organic EL elements OLED via the data
lines D1 to D3 during the display period DT, and then a data
current correspondence to the data gray level value is
supplied to the organic EL elements OLED during the
display period DT. Accordingly, if a data current of low gray
level is supplied via the data lines D1 to D3 to the organic
EL elements OLED during the display period DT, then an
overshoot is generated and a response time of the organic EL
elements OLED is delayed. In addition, the organic EL
elements OLED are over-charged due to an unnecessary
current supplied to the organic EL elements OLED via the
data lines D1 to D3 during the pre-charge period PCHA in
the low gray level. Accordingly, there is a problem that
power consumption is increased in the organic EL display
device.

SUMMARY OF THE INVENTION

[0017] Accordingly, it is an object of the present invention
to provide an organic electro-luminescence display device
and a method of driving the same that is adaptive for
reducing power consumption by removing an unnecessary
current as well as for improving a uniformity of a display
screen.
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[0018] In order to achieve these and other objects of the
invention, an organic electro-luminescence display device
according to an embodiment of the present invention
includes: a display panel in which a plurality of data lines
and a plurality of scan lines cross each other and electro-
luminescence elements are arranged at the crosses; a pre-
charge driver, which detects a gray level of digital video data
to be realized at a Nth when a data current corresponding to
a gray level of digital video data to be realized at a (N=-1)th
and calculates a pre-charge current corresponding to the
detected gray level of digital video data to supply the
calculated pre-charge current to the electro-luminescence
elements; a data driver for supplying data to the electro-
luminescence elements charged with the pre-charge current;
and a scan driver for supplying a san pulse, synchronized
with the data, to the scan lines.

[0019] The pre-charge driver supplies a pre-charge cur-
rent, having levels different from each other in accordance
with the gray level of the digital video data, to the organic
electro-luminescence elements.

[0020] The pre-charge driver includes: a data converter for
converting the gray level of the digital video data to be
realized into an analog current; and a pre-charge current
calculator for calculating the pre-charge current correspond-
ing to the analog current converted in the data converter.

[0021] The pre-charge current is a value as a result from
multiplying a current of data to be realized by a maximum
value of the pre-charge current and then dividing it by a
maximum value of the data current.

[0022] A method of driving an organic electro-lumines-
cence display device, in which a plurality of data lines and
a plurality of scan lines cross each other and electro-
luminescence elements are arranged at the crosses, accord-
ing to an embodiment of the present invention includes:
detecting a gray level of digital video data to be realized at
a Nth when a (N-1)th data current is discharged; converting
the gray level of the detected digital video data into an
analog current of a level corresponding to the gray level of
the detected digital video data; calculating a pre-charge
current by using the converted analog current; supplying the
calculated pre-charge current via the data lines to the electro-
luminescence elements; and supplying data to the electro-
luminescence elements charged with the pre-charge current.

[0023] Calculating the pre-charge current includes multi-
plying the converted analog current by a maximum value of
the pre-charge current and then dividing it by a maximum
value of the data current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other objects of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0025] FIG. 1 is a schematic section view illustrating a
unit element of a related art organic electro-luminescence
display device;

[0026] FIG. 2 is a circuit diagram showing equivalently a
portion of the passive type organic EL display device;

[0027] FIG. 3 is a waveform diagram showing a delay of
a response time generated in the driving method of the
related art organic EL display device,
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[0028] FIG. 4 is a waveform showing a related art pre-
charge drive method;

[0029] FIG. 5 is a diagram showing an organic electro-
luminescence display device according to an embodiment of
the present invention;

[0030] FIG. 6 is a diagram showing a pre-charge driver in
FIG. §; and
[0031] FIG. 7 is a waveform showing a driving method of

the organic electro-luminescence display device according
to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0032] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0033] Hereinafter, the preferred embodiments of the
present invention will be described in detail with reference
to FIGS. 5 to 7.

[0034] FIG. 5 is a diagram showing an organic electro-
luminescence (EL) display device according to an embodi-
ment of the present invention.

[0035] Referring to FIG. 5, the organic EL display device
according to the embodiment of the present invention
includes: a display panel 20 in which a mxn number of
organic EL elements OLED are arranged in a matrix type; a
data driver 24 for generating a data current; a scan driver 26
for generating a scan pulse synchronized with the data
current; and a pre-charge driver 22 for calculating a pre-
charge current in accordance with a gray level of digital
video data R, G and B to supply the calculated pre-charge
current to the organic EL elements OLED.

[0036] In the display panel 20, a m number of data lines
D1 to Dm and a n number of scan lines S1 to Sn cross each
other, and the organic EL. elements OLED are arranged
between the crosses.

[0037] The data driver 24 includes a shift register circuit
for sequentially sampling data, and a current source such as
current mirror circuit or current sync circuit. Such a data
driver 24 samples the digital video data R, G and B and then
supplies a data current correspondence to a gray level value
of the digital video data R, G, and B via the pre-charge driver
22 to the data lines D1 to Dm.

[0038] The scan driver 26 includes a shift register circuit
for sequentially shifting a scan pulse to sequentially supply
the scan pulse synchronizes with the data current to the scan
lines S1 to Sn.

[0039] The pre-charge driver 22 detects a gray level of
data to be realized at a (N-1)th, that is, a gray level of data
to be realized at a Nth when a data current corresponding to
a gray level of data is discharged, and calculates a pre-charge
current in accordance with the gray level of the detected data
to supply it via the data lines D1 to Dm to the organic EL
elements OLED during a pre-charge period. Further, the
pre-charge driver 22 supplies the data current applied from
the data driver 24 to the data lines D1 to Dm during the
display period. In this regard, the pre-charge driver 22, as
shown in FIG. 6, includes: a data converter 28 for convert-
ing digital video data R, G and B into an analog current; and
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a pre-charge current calculator 30 for calculating a pre-
charge current in accordance with the analog current con-
verted in the data converter 28.

[0040] The data converter 28, as shown in FIG. 7, detects
a gray level value of digital video data R, G and B to be
realized at a Nth during a discharge period DCHA when a
data current corresponding to a gray level of data to be
realized by a (N-1)th scan pulse SPn-1 at a (N-1)th is
discharged, and then converts the detected gray level value
of digital video data R, G and B into an analog current. For
instance, in a case that a maximum gray level value of digital
video data R, G and B is 64 gray and a maximum data
current is 64 A, the data converter 28 converts a gray level
value of the detected digital video data R, G and B into an
analog current having any one level in a range of 1 uAto 64
HA.

[0041] When the pre-charge current calculator 30 is sup-
plied with the analog current value from the data converter
28, it calculates a pre-charge current by using Formula 1 and
then supplies the pre-charge current to the organic EL
elements OLED during the pre-charge period PCHA. For
instance, if a maximum pre-charge current is 256 #A and a
gray level value of digital video data R, G and B to be
realized at a Nth is 32 gray, then the analog current value
supplied from the data converter 28 to the pre-charge current
calculator 30 is 32 uA. Thus, the pre-charge current calcu-
lator 30 supplies the pre-charge current of 128 uA calculated
by Formula 1 via the data lines D1 to Dm to the organic EL
elements OLED during the pre-charge period PCHA. In this
case, a maximum value of the pre-charge current supplied
from the pre-charge current calculator 30 has the same
dimension as the data current supplied to the data lines D1
to Dm by a Nth scan pulse SPn in a Nth display period DT.
Such a pre-charge current calculator 30 supplies a pre-
charge current of levels different from each other in accor-
dance with the analog current value supplied from the data
converter 28 to the organic EL elements OLED.

[Formula 1]

maximum pre-charge currentX [Formula 1]

data curretn to be realized
pre-charge current =

maximum data current

[0042] Inthe organic EL display device and the method of
driving the same according to the embodiment of the present
invention, the gray level value of the Nth digital video data
R, G and B is detected in the discharge period DCHA when
the data current corresponding to the gray level value of the
(N-1)th digital video data R, G and B is discharge and then
the pre-charge current corresponding to the gray level value
of the Nth digital video data R, G and B is supplied to the
organic EL elements OLED. Accordingly, since an unnec-
essary current is not flowed at a low gray level, it is possible
to reduce power consumption of the organic EL display
device. In addition, since an overshoot is prevented, it is
possible to prevent an over-charge and a response time delay
of the organic EL elements OLED. Thus, it is possible to
improve a uniformity of the same gray expression on the
same scan lines S1 to Sn of the display panel 20.

[0043] Meanwhile, the organic EL display device and the
method of driving the same according to the embodiment of
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the present invention is described in a basis of the passive
type, but it is applicable to well-known any active type
organic electro-luminescence display devices.

[0044] As described above, in the organic EL display
device and the method of driving the same according to the
embodiment of the present invention, the gray level value of
the Nth digital video data is detected in the discharge period
DCHA when the data current corresponding to the gray level
value of the (N-1)th digital video data is discharge and then
the pre-charge current corresponding to the gray level value
of the Nth digital video data is supplied to the organic EL
elements. Accordingly, since an unnecessary current is not
flowed at a low gray level, it is possible to reduce power
consumption of the organic EL display device. In addition,
since an overshoot is prevented, it is possible to prevent an
over-charge and a response time delay of the organic EL
elements. Thus, it is possible to improve a uniformity of the
same gray expression on the same scan lines of the display
panel.

[0045] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:
1. An organic electro-luminescence display device com-
prising:

a display panel in which a plurality of data lines and a
plurality of scan lines cross each other and electro-
luminescence elements are arranged at the crosses;

a pre-charge driver, which detects a gray level of digital
video data to be realized at a Nth when a data current
corresponding 1o a gray level of digital video data to be
realized at a (N-1)th and calculates a pre-charge cur-
rent corresponding to the detected gray level of digital
video data to supply the calculated pre-charge current
to the electro-luminescence ¢lements;

a data driver for supplying data to the electro-lumines-
cence elements charged with the pre-charge current;
and

a scan driver for supplying a scan pulse, synchronized

with the data, to the scan lines.

2. The organic electro-luminescence display device
according to claim 1, wherein the pre-charge driver supplies
a pre-charge current, having levels different from each other
in accordance with the gray level of the digital video data,
to the organic electro-luminescence elements.

3. The organic electro-luminescence display device
according to claim 1, wherein the pre-charge driver includes:

a data converter for converting the gray level of the digital
video data to be realized into an analog current; and

a pre-charge current calculator for calculating the pre-
charge current corresponding to the analog current
converted in the data converter.

4. The organic electro-luminescence display device

according to claim 1, wherein the pre-charge current is a
value as a result from multiplying a current of data to be



US 2006/0055632 Al

realized by a maximum value of the pre-charge current and
then dividing it by a maximum value of the data current.

5. A method of driving an organic electro-luminescence
display device, in which a plurality of data lines and a
plurality of scan lines cross each other and electro-lumines-
cence elements are arranged at the crosses, comprising:

detecting a gray level of digital video data to be realized
at a Nth when a (N-1)th data current is discharged;

converting the gray level of the detected digital video data
into an analog current of a level corresponding to the
gray level of the detected digital video data;
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calculating a pre-charge current by using the converted
analog current;

supplying the calculated pre-charge current via the data
lines to the electro-luminescence elements; and

supplying data to the electro-luminescence elements

charged with the pre-charge current.

6. The method according to claim 5, wherein calculating
the pre-charge current includes multiplying the converted
analog current by a maximum value of the pre-charge
current and then dividing it by a maximum value of the data
current.
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