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7) ABSTRACT

A circuit and method for driving pixels in an organic elec-
troluminescent display that reduces the number of wirings of
a compensation circuit for addressing brightness non-unifor-
mity. The pixel driving circuit includes an organic electrolu-
minescent device that emits light corresponding to an amount
of a current being applied. A first transistor is connected to a
power supply voltage and applies the current corresponding
to a data voltage to the organic electroluminescent device. A
first capacitor stores the data voltage, and a threshold voltage
compensation unit stores a threshold voltage of the first tran-
sistor. A second transistor transmits the data voltage from a
data line in response to a selection signal from an nth scan
line. A switching unit electrically disconnects a second pri-
mary electrode of the first transistor from the organic elec-
troluminescent device while the threshold voltage is stored in
the threshold voltage compensation unit in response to a
control signal.

13 Claims, 5 Drawing Sheets
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1
CIRCUIT AND METHOD FOR DRIVING
PIXEL OF ORGANIC
ELECTROLUMINESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/898,447 entitled “Circuit and Method for
Driving Pixel of Organic Electroluminescent Display,” filed
on Jul. 24, 2004, now allowed, which claims priority to and
the benefit of Korean Patent Application No. 2003-62851,
filed on Sep. 8, 2003 in the Korean Intellectual Property
Office, the entire content of both of which are incorporated by
reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electrolumines-
cent (EL) is display and, more particularly, to a circuit and
method for driving pixels in an organic electroluminescent
display that reduces the number of wirings of a compensation
circuit for solving the brightness non-uniformity resulting
from a threshold voltage difference of driving transistors
arranged in an EL panel, thereby simplifying both the wirings
of the EL panel and the driving method.

2. Description of the Related Art

An organic EL device is an emissive device that emits light
from a fluorescent material by recombining an electron and a
hole, with which an EL display can have a fast response time
and a low driving voltage, and can be formed in a ultra-thin
film, compared with a passive type light-emitting device, so
that it can be applied to a wall mount type or a portable type
of displays.

As a method of driving such an organic EL light-emitting
cell, there are a passive matrix type and an active matrix type
that uses a thin film transistor. The passive matrix type pet-
pendicularly forms an anode and a cathode and selects a line
to drive it, while the active matrix type connects a thin film
transistor and a capacitor to each 1TO pixel electrode to
maintain a voltage with the capacitance of the capacitor.

FIG. 1 is a schematic plan view of a conventional active
matrix type organic EL display having an EL panel 10, a pixel
circuit 11, a scan driver 20, and a data driver 30.

The scan driver 20 sequentially outputs a selection signal
through scan lines S1, 52, S3, 84, .. ., S, and the data driver
30 outputs a data voltage representing an image signal
through data lines D1, D2, D3, .. ., D;. The pixel circuit 11
is used to display a single pixel.

As shown in FIG. 1, the EL panel 10 includes a plurality of
data lines D1, D2, D3, .. ., Dy branched from the data driver
30 to transmit the image signal, and a plurality of scan lines
S1,82, 83, . .., Sz arranged such that a plurality of data lines
and a plurality of scan lines intersect (i.e., cross over) each
other. The scan lines S1, 82, S3, .. ., Sz transmit the selection
signal. A pixel circuit 11 is placed at each intersection
between the scan lines and the data lines.

FIG. 2 is a detailed circuit diagram illustrating the pixel
circuit 11 of FIG. 1. The pixel circuit 11 includes a first thin
film transistor M1, a capacitor Cst, a second thin film transis-
tor M2, and an organic EL device OLED (e.g., an organic
light emitting diode). In FIG. 2, Vdata indicates a data line in
which a pixel signal is transmitted and Select indicates a scan
line to which a selection signal is applied.

The data line Vdata transmits an image signal, and the scan
line Select transmits a selection signal. The second thin film
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transistor M2 transmits data to the capacitor Cst according to
the selection signal of the scan line Select, and the capacitor
Cst stores and holds the applied data. Further, the first thin
film transistor M1 drives the organic EL device OLED.

As shown in FIG. 2, the organic EL device OLED is sup-
plied with a current for emitting light, by the first thin film
transistor M1 connected to its anode. A cathode of the organic
EL device OLED is connect to a voltage Vss (e.g., a ground
voltage). Further, for the first thin film transistor M1, a source
is connected to a power supply line Vdd, and a gate is con-
nected to a drain of the second thin film transistor M2. The
capacitor Cst is connected between the gate of the first thin
film transistor M1 and the power supply line Vdd. Further, for
the second thin film transistor M2, a gate is connected to the
scan line Select, and a source is connected to the data line
Vdata.

An operation of the pixel circuit having the above configu-
ration will be described. When the second thin film transistor
M2 is turned on by the selection signal Select applied to the
gate of the second thin film transistor M2, the data voltage
Vdata is applied to the gate of the first thin film transistor M1
through the data line Vdata. Further, corresponding to the data
voltage Vdata applied to the gate, a current flows through the
first thin film transistor M1 to the organic EL device OLED to
emit light.

Here, a voltage Vgs between the source and the gate of the
first thin film transistor M1 is a difference between a voltage
of the power supply line Vdd and the data voltage transmitted
through the second thin film transistor M2, and the first thin
film transistor outputs a current corresponding to a square of
a difference between the source-gate voltage Vgs and a
threshold voltage Vth of the transistor to the organic EL
device. This can be represented as the following equation:

Tore=(B2)(Vas=Vih2=(p/2)(Vdd-Vdata—Vih)? (Equation 1),

where 1, 1, is a current flowing through the organic EL
device, Vgs is a voltage between the source and the gate of the
transistor M1, Vth is the threshold voltage of the first thin film
transistor M1, Vdata is the data voltage, and p is a coefficient
value.

As shown in Equation 1, in the pixel circuit illustrated in
FIG. 2, a current corresponding to the applied data voltage
Vdata is supplied to the organic EL, device OLED, and the
organic EL, device OLED emits light corresponding to the
supplied current.

The driving voltage of each power supply line Vdd varies
depending on the number of turned-on first thin film transis-
tors M1 that are connected to the power supply line Vdd. This
leads to differences between the driving voltages of the con-
nected pixels. Further, even if the voltages are the same, the
difference of the threshold voltage Vth in the thin film tran-
sistor is generated due to the non-uniformity of the manufac-
turing process, resulting in a variance to the amount of current
supplied to the organic EL device OLED, such that brightness
becomes non-uniform.

FIG. 3 shows another pixel circuit, which has been
designed to address the above problems associated with the
conventional pixel of FIG. 2. By way of example, the pixel
circuit of FIG. 3 is capable of preventing brightness non-
uniformity due to the change of the threshold voltage Vth of
the first thin film transistor M1. FIG. 4 shows a driving timing
diagram for driving the circuit of FIG. 3.

As shown in FIG. 3, for a first thin film transistor M3, a
source is connected to a driving power supply Vdd and a drain
is connected to an organic EL device OLED, and for a fourth
thin film transistor M6 connected between the first thin film
transistor M3 and the organic ELL device OLED, a gate is
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connected to a light emitting control line AZB. Further, a gate
of the first thin film transistor M3 is connected to a first
capacitor C1 and a second capacitor C2. In addition, the first
capacitor C1 is connected between a source of a third thin film
transistor M5 and the power supply line Vdd.

Further, for a second thin film transistor M4, a gate is
connected to the scan line Select, a source is connected to the
data line Vdata, and a drain is connected to the second capaci-
tor C2. Further, for the third thin film transistor M5, a gate is
connected to a threshold voltage compensation control line
A7, asource is connected between the first thin film transistor
M3 and the second capacitor C2, and a drain is connected
between the drain of the first thin film transistor M3 and the
source of the fourth thin film transistor Mé.

The conventional pixel driving circuit of FIG. 3 operates
according to the timing diagram shown in FIG. 4. It can be
described as follows: first, the scan line Select outputs a low
signal during a certain time period to turn on the second thin
film transistor M4, and the threshold voltage compensation
control line AZ applies a low signal during the selected time
period of the scan line, thereby turning on the third thin film
transistor M5 to proceed with initialization.

Therefore, the first thin film transistor M3 serves as a diode
for the driving power supply, and the second capacitor C2
stores a voltage corresponding to the threshold voltage Vth of
the first thin film transistor M3.

Further, after the time period for outputting the low signal
in the threshold voltage compensation control line AZ, the
data voltage is charged to the first capacitor C1 through the
second thin film transistor M4 as the data line Vdata applies
the low signal.

Further, while the threshold voltage compensation control
line AZ applies the low signal, the light emitting control line
AZB turns off the fourth thin film transistor M6 by outputting
ahigh signal until the data voltage compensates the difference
of the threshold voltage Vth, thereby cutting off the driving
current to the organic EL device OLED. Subsequently, when
the light emitting control line AZB is changed to a low signal
after a certain time period, the fourth thin film transistor M6
is turned on so that the corresponding current emits the
organic EL device OLED.

However, in the conventional pixel driving circuit of FIG.
3, an additional threshold voltage compensation control line
AZ and light emitting control line AZB are added in addition
to the data line and the scan line, so that the wiring of the EL,
panel becomes more complex, and thus, the number of manu-
facturing processes increases, leading to an increase in the
manufacture cost.

SUMMARY OF THE INVENTION

The present invention provides a circuit and method for
driving pixels in an organic electroluminescent display
capable of simplifying the number of wirings and wiring
processes by implementing a compensation circuit using a
previous scan line and a scan line without adding an addi-
tional signal line.

In an exemplary embodiment of the present invention,
there is provided a pixel driving circuit for an organic elec-
troluminescent display including an organic electrolumines-
cent device that emits light corresponding to an amount of a
current being applied. A first transistor is connected to a
power supply voltage and applies the current corresponding
to a data voltage to the organic electroluminescent device. A
first capacitor is connected between a gate electrode of the
first transistor and the power supply voltage and stores the
data voltage. A threshold voltage compensation unit stores a
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voltage corresponding to a threshold voltage of the first tran-
sistor. A second transistor transmits the data voltage from a
data line in response to a selection signal from an nth scan
line. A switching unit electrically disconnects a second pri-
mary electrode of the first transistor from the organic elec-
troluminescent device while the voltage corresponding to the
threshold voltage is being stored in the threshold voltage
compensation unit in response to a control signal.

The threshold voltage compensation unit may include: a
second capacitor connected to the gate electrode of the first
transistor for storing the voltage corresponding to the thresh-
old voltage; a third transistor for applying the power supply
voltage to the second capacitor in response to a selection
signal from an (n-1)th scan line; and a fourth transistor for
configuring the first transistor as a diode in response to the
selection signal from the (n-1)th scan line.

The first to fourth transistors may have the same conduc-
tion properties, thus making possible compensation of a gate
voltage.

Further, the first to fourth transistors may be PMOS type
transistors.

Further, the voltage corresponding to the threshold voltage
stored in the threshold voltage compensation unit may be
provided by the power supply voltage.

The control signal may be the selection signal from the
(n-1)th scan line; and the switching unit may include a fifth
transistor connected between the first transistor and the
organic electroluminescent device. The fifth transistor may
respond to the control signal.

The fifth transistor may have a conduction type different
from that of the first to fourth transistors.

The fifth transistor may be an NMOS type transistor.

Inanother exemplary embodiment of the present invention,
there is provided a method of driving a pixel of an organic
electroluminescent display including a plurality of data lines,
aplurality of scan lines crossing the plurality of data lines, and
aplurality of pixels that are formed in an array form in an area
specified by the plurality of data lines and the plurality of scan
lines. The pixel has a transistor that supplies a current to its
organic electroluminescent device. The method includes: (a)
selecting the previous scan line that applies a selection signal
for selecting a row of the pixel, wherein the previous scan line
is an (n-1)th scan line; (b) storing a threshold voltage of the
transistor in response to the selection signal; (c) after storing
the threshold voltage, selecting an nth scan line to turn on a
switching transistor and to apply a data voltage; (d) compen-
sating the threshold voltage by storing the applied data volt-
age; (e) supplying a current corresponding to a sum of the
compensated threshold voltage and the applied data voltage
to the organic electroluminescent display.

The method of driving the pixel may further include: con-
trolling the organic electroluminescent display such that the
current is not supplied while the threshold voltage is applied
in response to the selection signal of the previous scan line to
prevent a current difference between the pixels.

The power supply voltage may be applied to store the
threshold voltage.

In yet another exemplary embodiment of the present inven-
tion, a pixel driving circuit for an organic electroluminescent
display is provided. An organic electroluminescent device
emits light corresponding to an amount of a current being
applied. A first capacitor stores a data voltage in response to a
first selection signal applied on a first scan line. A first tran-
sistor applies the current to the organic electroluminescent
device. A second capacitor stores a voltage corresponding to
a threshold voltage of the first transistor in response to a
second selection signal applied on a second scan line. The
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stored data voltage and the stored voltage corresponding to
the threshold voltage are applied to a gate of the first transistor
to generate the current applied to the organic electrolumines-
cent device.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention may be
better understood by reference to the following detailed
description, taken in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a schematic plan view of a conventional organic
EL display;

FIG. 2 is a conventional pixel circuit for driving an organic
electroluminescent device of FIG. 1;

FIG. 3 is a pixel circuit having a compensation circuit for a
threshold voltage Vth of a first thin film transistor;

FIG. 4 is a driving timing diagram for driving the pixel
circuit of FIG. 3;

FIG. 5 is a circuit diagram illustrating a pixel circuit
according to an exemplary embodiment of the present inven-
tion;

FIG. 6A is a circuit diagram illustrating an operation of the
pixel circuit of FIG. 5 when an (n—1)th scan signal is applied;
FIG. 6B is a timing diagram corresponding to FIG. 64,

FIG. 7A 1s a circuit diagram illustrating an operation of the
pixel circuit of FIG. 5 when an nth scan signal is applied; and

FIG. 7B is a timing diagram corresponding to FIG. 7A.

DETAILED DESCRIPTION

FIG. 5 is a circuit diagram of a pixel driving circuit of an
organic electroluminescent display in an exemplary embodi-
ment according to the present invention. The pixel driving
circuit may also be referred to as a pixel circuit.

In FIG. 5, OLED indicates an organic EL device,
M11~M15 indicate first to fifth transistors, C11 indicates a
first capacitor, and C12 indicates a second capacitor.

The organic EL device OLED emits light that corresponds
to the amount of applied current. For the first thin film tran-
sistor M11, a source is connected to the power supply voltage
Vdd and a drain is connected to a source of the fifth thin film
transistor M15. The first thin film transistor M11 supplies the
organic EL device OLED with a current that corresponds to
the data voltage applied to its gate through the second thin
film transistor M12.

For the third thin film transistor M13, a source is connected
to the power supply voltage Vdd, a gate is connected to an
(n=1)th scan line S(n—1), and a drain is connected between a
drain of the second thin film transistor M12 and the second
capacitor C12, thus transmitting the applied power supply
voltage Vdd. The third thin film transistor M13, the fourth
thin film transistor M14 and the second capacitor C12 may
together be referred to as a threshold voltage compensation
unit.

For the fourth thin film transistor M14, a gate is connected
to the (n—1)th scan line S(n-1), a drain is connected between
the drain of the first thin film transistor M11 and the source of
the fifth thin film transistor M15, and a source is connected
between the gate of the first thin film transistor M11 and the
first capacitor C11. Further, for the fifth thin film transistor
M15, a gate is connected to the (n-1)th scan line S(n-1), and
a drain is connected to an anode of the organic EL device
OLED, thus transmitting the driving current applied from the
first thin film transistor M11 to the organic EL device OLED.

As illustrated in FIG. 5, the first and second thin film
transistors M11, M12 and the third and fourth thin film tran-
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sistors M13, M 14 are PMOS type thin film transistors, while
the fifth thin film transistor M15 is an NMOS type transistor.

Further, the second capacitor C12 is connected between the
gate of the first thin film transistor M11 and the drain of the
second thin film transistor M12 to charge the threshold volt-
age of'the first thin film transistor M11, and the first capacitor
C11 is connected between the gate of the first thin film tran-
sistor M11 and the driving power supply Vdd to charge the
data voltage applied from the second thin film transistor M12.

In addition, for the second thin film transistor M12, a gate
is connected to the scan line S(n), a source is connected to the
data line, and the drain is connected to the second capacitor
C12.

Next, an operation of the pixel circuit of FIG. 5 will be
described with reference to FIGS. 6A and 6B and FIGS. 7A
and 7B.

As shown in FIG. 6B, during a certain time period T(n-1),
if a low signal is applied to the (n-1)th scan line S(n-1) and
ahigh signal is applied to the nth scan line S(n), the third thin
film transistor M13 and the fourth thin film transistor M14,
which are PMOS type transistors, are turned on to short out,
and the fifth thin film transistor M15, which is an NMOS type
transistor, is turned off to remain open, whose gates are con-
nected to the (n—1)th scan line S(n-1) as shown in FIG. 6A.
Further, the second thin film transistor M12, whose gate is
connected to the nth scan line S(n), is tumed off to remain
open.

Therefore, as the fourth thin film transistor M14 is turned
on, the first thin film transistor M11 serves as a diode for the
driving voltage Vdd, so that a power supply voltage outputted
form the power supply voltage Vdd charges the second
capacitor C12 to the voltage that corresponds to the threshold
voltage of the first thin film transistor M11 through the third
thin film transistor M13. Further, while the second capacitor
C12 is charged, the fifth thin film transistor M15 1s turned off
to prevent the current from the first thin film transistor M11
from being applied to the organic EL device OLED.

Subsequently, the (n-1)th scan line S(n-1) is transitioned
from low to high, and with a certain time difference, the nth
scan line S(n) is selected to output a low signal, as illustrated
in FIGS. 7A and 7B.

As shown in FIG. 7A, the third and fourth thin film tran-
sistors M13 and M14, which are PMOS transistors whose
gates are connected to the (n-1)th scan line S(n-1), are turned
off to become open, and the fifth thin film transistor M15,
which is an NMOS type transistor whose gate is connected to
the (n-1)th scan line S(n-1), is turned on to remain short.
Further, the PMOS type second thin film transistor M12,
whose gate is connected to the nth scan line S(n), is turned on
to remain short.

Further, after the signal on the scan line S(n) is changed to
the low signal, the image signal from the data line is output-
ted, so that the data voltage Vdata is charged in the first
capacitor C11 through the second thin film transistor M12.

Here, the gate voltage of the first thin film transistor M11 is
the sum of'the threshold voltage of the second capacitor C12
and the data voltage charged in the first capacitor C11, so that
the difference of the threshold voltage Vth of the first thin film
transistor M11 is compensated. That is, in the second capaci-
tor C12, a voltage is charged as much as the difference of the
threshold voltage Vith, so that the difference of the threshold
voltage is not generated in each pixel.

Further, as illustrated above, as the signal on the (n-1)th
scan line S(n-1) is changed from low to high, the fifth thin
film transistor M15 is turned on so that the current corre-
sponding to Equation. 1 is transmitted from the first thin film
transistor M11 to the organic EL, device OLED. Therefore,
the organic EL device OLED emits light according to the
magnitude of the applied current.
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Although certain exemplary embodiments have been illus-
trated in the detailed description, the present invention is not
limited to this, and a variety of modifications and changes can
be made without departing from the spirit or scope of the
invention. The scope of the present invention is indicated by
the appended claims, and all changes that come within the
meaning and range of equivalents thereof are intended to be
embraced therein.

As illustrated above, according to the present invention, the
difference of the threshold voltage of the thin film transistor
for driving the organic EL device can be compensated with
the previous scan line without adding an additional signal
line, so that the number of wirings of the EL panel is reduced
compared with the prior art, thereby reducing the number of
manufacturing processes and the manufacturing cost.

What is claimed is:

1. A pixel driving circuit for an organic electroluminescent
display comprising:

an organic electroluminescent device that emits light cor-
responding to an amount of a current being applied;

a first transistor connected to a power supply voltage for
applying the current corresponding to a data voltage to
the organic electroluminescent device;

a first capacitor connected between a gate electrode of the
first transistor and the power supply voltage for charging
the data voltage;

a threshold voltage compensation unit for charging a volt-
age corresponding to a threshold voltage of the first
transistor in response to a selection signal from an (n-1)
th scan line;

asecond transistor for transmitting the data voltage from a
data line in response to a selection signal from an nth
scan line; and

aswitching unit for electrically disconnecting the first tran-
sistor from the organic electroluminescent device while
the voltage corresponding to the threshold voltage is
being charged in the threshold voltage compensation
unit in response to a control signal,

wherein the threshold voltage compensation unit includes
a third transistor for configuring the first transistor as a
diode in response to the selection signal from the (n—1)th
scan line.

2. The pixel driving circuit according to claim 1, wherein

the threshold voltage compensation unit further includes:

a second capacitor connected to the gate electrode of the
first transistor for charging the voltage corresponding to
the threshold voltage; and

a fourth transistor for applying the power supply voltage to
the second capacitor in response to the selection signal
from the (n-1)th scan line.

3. The pixel driving circuit according to claim 1, wherein
the first to third transistors have the same conduction proper-
ties.

4. The pixel driving circuit according to claim 1, wherein
the first to third transistors are PMOS type transistors.

5. The pixel driving circuit according to claim 1, wherein
the control signal is the selection signal from the (n—1)th scan
line; and

wherein the switching unit comprises a fourth transistor
connected between the first transistor and the organic
electroluminescent device, the fourth transistor being
configured to respond to the control signal.

6. The pixel driving circuit according to claim 5, wherein
the fourth transistor has a conduction type different from that
of the first and second transistors.

7. The pixel driving circuit according to claim 5, wherein
the fourth transistor is an NMOS type transistor.
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8. The pixel circuit according to claim 1, wherein the
voltage corresponding to the threshold voltage charged in the
threshold voltage compensation unit is provided by the power
supply voltage.

9. A method of driving a pixel among a plurality of pixels
of an organic electroluminescent display comprising a plu-
rality of data lines and a plurality of scan lines crossing the
plurality of data lines, wherein the plurality of pixels are
located in an area defined by the plurality of data lines and the
plurality of scan lines, the pixel having an organic electrolu-
minescent device and a transistor for supplying a current to
the organic electroluminescent device, the method compris-
ing:

(a) selecting a previous scan line that applies a selection
signal for selecting a row of the pixel, wherein the pre-
vious scan line is an (n-1)th scan line among the plural-
ity of scan lines;

(b) charging a threshold voltage of the transistor in
response to the selection signal;

(c) after charging the threshold voltage, selecting an nth
scan line among the plurality of scan lines to turn on a
switching transistor and to apply a data voltage;

(d) compensating the threshold voltage by charging the
applied data voltage;

(e) supplying the current corresponding to a sum of the
compensated threshold voltage and the applied data
voltage to the organic electroluminescent device; and

() controlling the organic electroluminescent display such
that the current is not supplied while the threshold volt-
age is applied in response to the selection signal of the
previous scan line to prevent a current difference
between the pixels,

wherein the threshold voltage is charged by applying a
power supply voltage.

10. A pixel driving circuit for an organic electrolumines-

cent display comprising;

an organic electroluminescent device that emits light cor-
responding to an amount of a current being applied;

a first capacitor for charging a data voltage in response to a
first selection signal applied on an nth scan line;

a first transistor for applying the current to the organic
electroluminescent device;

a second capacitor for charging a voltage corresponding to
a threshold voltage of the first transistor in response to a
second selection signal applied on an (n-1)th scan line;
and

a second transistor for configuring the first transistor as a
diode in response to the second selection signal,

wherein the charged data voltage and the charged voltage
corresponding to the threshold voltage are applied to a
gate of the first transistor to generate the current applied
to the organic electroluminescent device.

11. The pixel driving circuit of claim 10, wherein the nth
scan line is a current scan line and the (n-1)th scan line is a
previous scan line.

12. The pixel driving circuit of claim 10, further compris-
ing a third transistor for transmitting the data voltage from a
data line in response to the first selection signal, such that the
data voltage can be charged in the first capacitor.

13. The pixel driving circuit of claim 10, further compris-
ing a third transistor for applying a power supply voltage to
the second capacitor in response to the second selection sig-
nal, such that the voltage corresponding to the threshold volt-
age can be charged in the second capacitor.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L 5E4X
H 2T SR
S\ EREERE

BEGF)

ATEHENEBR LD REFNEREN B S

US8068073 ASHONINE
US12/024869 fiE g
KIM KEUM NAM
KIM KEUM-NAM

=EDISPLAY CO., LTD.

KIM KEUM NAM

KIM, KEUM-NAM

G09G3/30 G09G3/32

2011-11-29

2008-02-01

patsnap

G09G3/3233 G09G2300/0819 G09G2300/0852 G09G2300/0861 G09G2310/0251 G09G2320/0233

G09G2320/043
1020030062851 2003-09-08 KR
US20080136753A1

Espacenet USPTO

Data

—MATEDENERRAAERERTNRRNEENGE , HROAT

BREETGIUENIMEZ BN T LBE. BERFBERIEFVBEH

BRBEM  HRFERMNEREENNN X, F-REEEEIER

BEAEXNNTHRERENERREMNT BN EBR LR . F—BRHR

FHREERE  REBEMETERE - REAENRERE. =&

B TR A EHBHLNERESMNERLARBERE, FXET
FE-REENE-_TBRSHENBHERABITT | BREBRE

T REE S R EREREMEE TR,

Stn)

Tt

Mi2

S(n-1)

OLED

vSs


https://share-analytics.zhihuiya.com/view/82bb6c1e-20a9-42e9-924e-377a5d139668
https://worldwide.espacenet.com/patent/search/family/034225467/publication/US8068073B2?q=US8068073B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8068073.PN.&OS=PN/8068073&RS=PN/8068073

