
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
63

0 
77

7
A

2
��&����������
�

(11) EP 1 630 777 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
01.03.2006 Bulletin 2006/09

(21) Application number: 05018782.2

(22) Date of filing: 30.08.2005

(51) Int Cl.:
G09G 3/32 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR
Designated Extension States: 
AL BA HR MK YU

(30) Priority: 30.08.2004 KR 2004068460

(71) Applicant: LG Electronics Inc.
Yongdungpo-gu
Seoul (KR)

(72) Inventors:  
• Ha, Won Kyu

Yeongdeok-gun
Gyeongsangbuk-do (KR)

• Kim, Hak Su
Gangbuk-gu
Seoul (KR)

(74) Representative: von Hellfeld, Axel
Wuesthoff & Wuesthoff 
Patent- und Rechtsanwälte 
Schweigerstrasse 2
81541 München (DE)

(54) Passive matrix organic electro-luminescence display device and pre-charge method thereof

(57) The present invention relates to an organic elec-
tro-luminescence display device and a method of driving
the same that is adaptive for reducing power consump-
tion by removing an unnecessary current as well as for
improving a uniformity of a display screen.

An organic electro-luminescence display device ac-
cording to an embodiment of the present invention in-
cludes a display panel in which a plurality of data lines
and a plurality of scan lines cross each other and elec-
tro-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 during discharge period
(DCHA) when a data current corresponding to a gray
level of digital video data to be realized at a (N-1)th cal-
culates a pre-charge current corresponding to the detect-
ed gray level of digital video data to supply the calculated
pre-charge current to the electro-luminescence ele-
ments. A data driver supplies data to the electro-lumi-
nescence elements charged with the pre-charge current
during a pre-charge period (PCHA); and a scan driver
supplies a scan pulse (SPn), synchronized with the data,
to the scan lines.
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Description

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

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] 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.

DESCRIPTION OF THE RELATED ART

[0003] 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.
[0004] 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.
[0005] The LCD is used as a display device of a notebook computer, the demand for it is gradually increased. However,
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.
[0006] 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/m2] with a voltage of about 10[V] and has been applied to most of EL display devices, which
are commonly used.
[0007] 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 5, 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.
[0008] Such an organic EL display device is classified into a passive type and an active type.
[0009] 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.
[0010] 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.
[0011] 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.
[0012] 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.
[0013] 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.



EP 1 630 777 A2

3

5

10

15

20

25

30

35

40

45

50

55

[0014] 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

[0015] 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.
[0016] 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.
[0017] 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.
[0018] 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.
[0019] 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.
[0020] 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-luminescence elements are arranged at the crosses, according 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.
[0021] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other objects of the invention will be apparent from the following detailed description of the embod-
iments of the present invention with reference to the accompanying drawings, in which:
[0023] FIG. 1 is a schematic section view illustrating a unit element of a related art organic electro-luminescence
display device;
[0024] FIG. 2 is a circuit diagram showing equivalently a portion of the passive type organic EL display device;
[0025] 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;
[0026] FIG. 4 is a waveform showing a related art pre-charge drive method;
[0027] FIG. 5 is a diagram showing an organic electro-luminescence display device according to an embodiment of
the present invention;
[0028] FIG. 6 is a diagram showing a pre-charge driver in FIG. 5; and
[0029] FIG. 7 is a waveform showing a driving method of the organic electro-luminescence display device according
to the embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] Reference will now be made in detail to the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.
[0031] Hereinafter, the preferred embodiments of the present invention will be described in detail with reference to
FIGs. 5 to 7.
[0032] FIG. 5 is a diagram showing an organic electro-luminescence (EL) display device according to an embodiment
of the present invention.
[0033] 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.
[0034] 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.
[0035] 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.
[0036] 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.
[0037] 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 converting digital video data R, G and B into an analog current; and a
pre-charge current calculator 30 for calculating a pre-charge current in accordance with the analog current converted
in the data converter 28.
[0038] 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 64PA, 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 1PA to 64PA.
[0039] When the pre-charge current calculator 30 is supplied 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 256PA 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 32PA. Thus, the pre-charge current calculator 30
supplies the pre-charge current of 128PA 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 accordance with the analog current value supplied from the data converter 28 to
the organic EL elements OLED. 

[0040] 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 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
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organic EL elements OLED. 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 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.
[0041] Meanwhile, the organic EL display device and the method of driving the same according to the embodiment
of 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.
[0042] 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.
[0043] 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.

Claims

1. An organic electro-luminescence display device comprising:

a display panel in which a plurality of data lines and a plurality of scan lines cross each other and electro-lumi-
nescence 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 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 con-
verted 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 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-luminescence 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;
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.
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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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有机电致发光显示装置及其驱动方法技术领域本发明涉及一种有机电致
发光显示装置及其驱动方法，其适于通过去除不必要的电流来降低功耗
以及用于改善显示屏的均匀性。根据本发明实施例的有机电致发光显示
装置包括显示面板，其中多条数据线和多条扫描线彼此交叉，并且电致
发光元件布置在十字形处。预充电驱动器，当在a（N-1）处实现对应于
数字视频数据的灰度级的数据电流时，其检测在放电周期（DCHA）期
间在第N个时实现的数字视频数据的灰度级。 th计算与检测到的数字视
频数据的灰度级对应的预充电电流，以将计算出的预充电电流提供给电
致发光元件。数据驱动器在预充电期间（PCHA）向充有预充电电流的电
致发光元件提供数据。扫描驱动器将与数据同步的扫描脉冲（SPn）提
供给扫描线。
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