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(57) ABSTRACT

A method of driving an organic light emitting display device
includes generating a luminance map for a plurality of pixels
by applying the same driving voltage to driving transistors
formed in the plurality of pixels of a panel and by capturing
luminances of the pixels, generating a threshold voltage map
by calculating threshold voltage correction values that com-
pensate for threshold voltages of the driving transistors asso-
ciated with the luminances of the pixels. A lookup table is
generated by sampling the threshold voltage correction val-
ues stored in the threshold voltage map. Threshold voltage
correction values are restored by interpolating the sampled
threshold voltage correction values, and correcting a driving
voltage by adding the restored threshold voltage correction
values to input gray level data and by providing the added
value to the panel.

7 Claims, 5 Drawing Sheets
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1
ORGANIC LIGHT EMITTING DISPLAY AND
METHOD FOR DRIVING THE SAME

RELATED APPLICATIONS

This application claims priority of Korean Patent Applica-
tion No. 10-2007-0089528 filed in the Korean Intellectual
Property Office on Sep. 4, 2007, the entire disclosure of which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the invention

The present disclosure relates to an organic light emitting
display (“OLED”) device, and more particularly, to an active
matrix OLED device and a method for driving the same.

2. Description of the Related Art

Recently, a display device that is lightweight, compact and
requires low power consumption is in demand for use in
mobile communications. An OLED device is a self-luminous
device while generates light by itself, provides superior view-
ing angle and a contrast ratio relative to a liquid crystal
display (“LCD”) device. In addition, since the OLED device
does not require a backlight unit, it has the additional advan-
tages of reduced weight, thickness, and power consumption.

The OLED device is classified into a passive matrix type
and an active matrix type. In the passive matrix type OLED
device, an anode and a cathode are formed to cross each other
and the OLED device is driven by selection of a line. The
active matrix type of OLED device controls a current flowing
into an OLED element by maintaining a driving voltage
switched by a switching transistor by a capacitor and apply-
ing the driving voltage to a driving transistor.

However, in a conventional active matrix OLED device, a
characteristic of a threshold voltage of the driving transistor
varies according to a location of an OLED panel. The varia-
tion of the threshold voltage is the result of a process error
during fabricating a thin film transistor. Accordingly, even
though the same driving voltage is applied to driving transis-
tors of pixels, the current flowing into OLED elements may be
different from each other. As a result, the respective pixels
display images with different luminances. In other words, the
variation of the threshold voltage of the driving transistor of
the OLED panel appears as non-uniformity of the luminance
and a spotted image.

When the variation of the threshold voltage of the driving
transistor shows a different white level and a different black
level in the OLED panel, characteristics of each OLED panel,
such as a luminance and a contrast ratio, are not constant
according to the OLED panel.

BRIEF SUMMARY OF THE INVENTION

The present disclosure provides an OLED device that cor-
rects the variation of a threshold voltage of each driving
transistor by sampling, storing, and restoring in real time the
threshold voltage, and a method for driving the same.

In an exemplary embodiment of the present invention, a
method of driving an organic light emitting display device
includes: generating a luminance map for a plurality of pixels
by applying the same driving voltage to driving transistors
formed in the plurality of pixels of a panel and by capturing
luminances of the pixels; generating a threshold voltage map
by calculating threshold voltage correction values that com-
pensate for threshold voltages of the driving transistors cor-
responding to the luminances of the pixels; generating a
lookup table by sampling the threshold voltage correction
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2

values stored in the threshold voltage map; restoring the
threshold voltage correction values by interpolating the
sampled threshold voltage correction values; and correcting a
driving voltage by adding the restored threshold voltage cor-
rection values to input gray level data and by providing the
added value to the panel.

In another exemplary embodiment of the present invention,
a method of driving an organic light emitting display device
includes: calculating a threshold voltage correction value that
compensates for a threshold voltage of each driving transistor
from a luminance map for an organic light emitting display
panel in which driving transistors are formed; sampling and
storing the calculated threshold voltage correction value on a
grid basis; restoring the threshold voltage correction value for
each driving transistor from the sampled threshold voltage
correction value by bilinear interpolation; and adding the
restored threshold voltage correction value to input gray level
data and applying the added value to the driving transistor.

Inanother exemplary embodiment of the present invention,
an organic light emitting display device includes: an organic
light emitting display panel in which driving transistors driv-
ing organic light emitting display elements are formed; a
threshold voltage decoder that includes a lookup table in
which threshold voltage correction values of driving transis-
tors are sampled and stored, and restores the threshold voltage
correction values of the driving transistors from the sampled
threshold voltage correction values; and an adder that adds
the threshold voltage correction values to input gray level data
and provides the added values to the organic light emitting
display panel.

A better understanding of the above and many other fea-
tures and advantages of the OLED device and a method for
driving the same disclosed herein may be obtained from a
consideration of the detailed description thereof below, par-
ticularly if such consideration is made in conjunction with the
several views of the appended drawings, wherein like ele-
ments are referred to by like reference numerals throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart showing a driving method of an
OLED device according to an exemplary of the present inven-
tion.

FIG. 2 is a flow chart showing a threshold voltage map
generating procedure illustrated in FIG. 1.

FIG. 3 isaview showing a scaling implementing procedure
illustrated in FIG. 2.

FIG. 4 is a block diagram showing an OLED device
according to an exemplary embodiment of the present inven-
tion.

FIG. 5 is a block diagram showing a threshold voltage
decoder illustrated in FIG. 4.

FIG. 6 is an equivalent circuit diagram of a pixel unit for an
OLED panel shown in FIG. 4.

FIG. 7 is a plot showing a characteristic of an OLED panel
according to the related art.

FIG. 8 is a plot showing a characteristic of an OLED panel
according to an exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments of the present invention are
described with reference to the accompanying drawings in
detail. Detailed descriptions of well-known functions and
structures incorporated herein are omitted to avoid obscuring
the subject matter of the present invention.
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FIG. 1 is a flow chart showing a driving method of an
OLED device according to an exemplary embodiment of the
present invention.

Referring to FIG. 1, a method for driving an OLED device
includes generating a luminance map (S100), generating a
threshold voltage map (S200), generating a lookup table
(8300), restoring a threshold voltage correction value (S400),
and correcting a driving voltage (8500).

In generating the luminance map (8100), a driving voltage
corresponding to a predetermined gray level is applied to a
pixel of an OLED panel and then light-emitting luminance of
the pixel is captured to generate the luminance map for the
OLED panel.

More particularly, driving voltages corresponding to, for
example, 100 gray levels are applied to the driving transistors
of all pixels and then a front surface of the OLED panel is
captured by an inspection unit, such as a camera.

The captured image is transferred to a computer through an
interface such as a universal serial bus (“USB”). The image
transferred to the computer is stored as the luminance map for
the OLED panel. Threshold voltages of the driving transistors
of the pixels of the OLED panel may be different from each
other due to errors in a fabricating process of the thin film
transistors.

Even though a driving voltage corresponding to the same
gray level is applied to the driving transistors of the pixels, the
luminances displayed at the respective pixels of the OLED
panel may be different from each other due to the variation of
the threshold voltage. Accordingly, different luminance val-
ues are stored in the luminance map due to the variation of the
threshold voltage.

The luminance map generating procedure (S100) may
include initializing the luminance of the OLED panel to zero
before the driving voltages corresponding to the predeter-
mined gray levels are applied to the OLED panel. For
example, ablack gray voltage corresponding to a gray level of
0’, that is, the lowest voltage, may be applied to the OLED
panel to initialize the OLED panel.

In generating the threshold voltage map (S200), the thresh-
old voltage map for the OLED panel is generated from the
luminance map. The process for generating the threshold
voltage map (S200) includes removing noise, calculating the
threshold voltage, implementing gamma correction, and
implementing scaling. This is described more fully below in
the explanation of the process shown in FIG. 2. The threshold
voltage map has a threshold voltage correction value for each
driving transistor of the OLED panel.

In generating the lookup table (S300), the lookup table is
generated by sampling the threshold voltage correction val-
ues included in the threshold voltage map on a grid basis. For
example, when the OLED panel is 4.3-inch WqVGA (480x
272), the threshold voltage correction value may be sampled
on a 16-pixel or 32-pixel grid basis. When the threshold
voltage correction value is sampled in 32-pixel grid unit, the
lookup table has 16 (=480/32+1) points in a horizontal direc-
tion and 10 (=272/32+1) points in a vertical direction.

As opposed to the threshold voltage map generating pro-
cedure (S200) in which the threshold voltage correction val-
ues of all the driving transistors of the OLED panel are stored,
the lookup table generating procedure (S300) may use a
lookup table with a small size by storing the threshold voltage
correction values of the driving transistors that are sampled
on a grid basis. For example, when the threshold voltage
correction value has a range of 256 gray levels of 8 bits, the
lookup table has a size of 1280 bits (=16x10x8 bits), that is,
a 1.25-Kb size.
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The lookup table generated from the lookup table generat-
ing procedure (S300) may be transferred to a memory of the
OLED device through an I°C interface etc.

In restoring the threshold voltage correction value (S400),
the threshold voltage correction values of the driving transis-
tors sampled and stored in the lookup table are interpolated
by, for example, using bilinear interpolation.

In correcting the driving voltage (8500), the corresponding
threshold voltage correction value is added to input gray level
data and then the added value is applied to each driving
transistor of the OLED panel. The input gray level data may
be gamma-corrected and scaled through the threshold voltage
map generating procedure (S200).

Since generating the luminance map (5100), generating
the threshold voltage map (S200), and generating the lookup
table (S300) are processes to generate the lookup table by
sampling the threshold voltage correction values for the driv-
ing transistors of the OLED panel, these processes may be
implemented during fabrication of the OLED device. In con-
trast, since restoring the threshold voltage (S400), and cor-
recting the driving voltage (S500) are processes to remove the
difference of the threshold voltage of the OLED panel in
real-time by interpolating the threshold voltage correction
values stored in the lookup table, theses processes may be
implemented by users in the course of using the OLED
device.

The threshold voltage map generating procedure (S200)
from the luminance map is described below in more detail.

FIG. 2 is a flow chart showing the threshold voltage map
generating procedure illustrated in FIG. 1.

Referring to FIG. 2, the threshold voltage map generating
procedure (S200) includes removing noise (S202), calculat-
ing a threshold voltage (S204), implementing gamma correc-
tion (S206), and implementing scaling (S208).

In removing noise (S202), noise included in the luminance
map, that is, noise included in a captured image is removed by
noise filtering or geometrical correction. Geometrical correc-
tion means correcting an edge of a distorted part of the cap-
tured image due to a spherical aberration of a camera lens to
a rectangular shape.

In calculating the threshold voltage (S204), the threshold
voltages of all the driving transistors of the OLED panel are
calculated from the luminance map in which noise is
removed. Calculating the threshold voltage may use the rela-
tionship between the threshold voltage and the luminance of
the pixel. That is, assuming that the same driving voltage is
applied to each of the driving transistors of the OLED panel,
a current flowing into an OLED element is decreased when
the threshold voltage of the driving transistor is high, thereby
lowering the luminance of the pixel. And when the threshold
voltage of the driving transistor is low, a current flowing into
the OLED element is increased, thereby increasing the lumi-
nance of the pixel. An optimal relationship between the lumi-
nance of the pixel and the threshold voltage of the driving
transistor may be appropriately selected by experiment.

Inimplementing the gamma correction (S206), the gamma
correction is implemented such that gray level data input to
the OLED device may have a substantially linear relationship
with a gray level voltage Vp applied to the driving transistor
ofthe OLED panel. This is to restore an original gamma value
vy by a relationship between the gray level voltage Vp and a
drain-source current Ids of the driving transistor and between
the drain-source current Ids and a luminance L of the pixel.
The original gamma value y means a gamma value represent-
ing a change of a luminance according to a change of the gray
level data.
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This will be more particularly explained by the following
[Equation 1] and [Equation 2]:

L=L M, 1=V, 2, V=GP [Equation 1]

In [Equation 1], L is a luminance, Ids is a drain-source
current of a driving transistor, Vp is a gray level voltage for
driving a driving transistor, G is gray level data, y1 is a gamma
value representing a change of the luminance L according to
a change of the drain-source current Ids, y2 is a gamma value
representing a change of the drain-source current Ids accord-
ing to a change of'the gray level voltage Vp, and y3 is a gamma
value representing a change of the gray level voltage Vp
according to a change of the gray level data G.

The change of the luminance L according to the change of
the gray level data G based on [Equation 1] may be repre-
sented as a gamma value by the following [Equation 2]:

L=G¥2B=Gv [Equation 2]

For example, when y1 is 1.0, y2 is 2.0, and the original
gamma value y applied to the OLED device is about 2.2 to
about 2.4, the gamma correction may be implemented such
that y3 has a gamma value of about 1.1 to about 1.2.

In implementing the scaling (S208), all the gray level volt-
ages corresponding to all the gray level dataused inthe OLED
device are scaled to calculate the threshold voltage correction
values of the respective driving transistors of the OLED panel
and to generate the threshold voltage correction values as a
threshold voltage map.

For example, when all the gray level data is 1024, a range
of the gray level voltages corresponding thereto is 16V, and
the maximum gray level voltage to be scaled is 12V, then the
range of the gray levels is 768. 4V corresponding to the other
256 gray levels of 1024 gray levels may be allocated to the
gray level voltage corresponding to the threshold voltage
correction value.

FIG. 3 is a view showing the scaling implementing proce-
dure illustrated in FIG. 2.

The threshold voltage of each driving transistor of the
OLED panel calculated from the threshold voltage calculat-
ing procedure (3204) is gamma-corrected according to the 73
curve obtained from the gamma correction implementing
procedure (S206) and calculated as the threshold voltage
correction value through the scaling implementing procedure
(8208), thereby being generated as the threshold voltage map.

The threshold voltage restoring procedure (S400) and the
driving voltage correcting procedure (3500) is explained
below in more detail through a configuration and operation of
the OLED device according to an exemplary of the present
invention.

FIG. 4 is a block diagram of an OLED device according to
an exemplary embodiment of the present invention.

Referring to FIG. 4, an OLED device 100 includes an
OLED panel 110, a gamma corrector 120, a scaler 130, a
counter 140, a threshold voltage decoder 150, and an adder
160.

The OLED panel 110 includes a plurality of data lines that
provide a gray level voltages, a plurality of scan lines that
provide a scan signals, a power line that provides power, and
aplurality of pixels arranged in a matrix shape. The gray level
voltage is a voltage that corresponds to gray level data pro-
vided from the adder 160. Each pixel includes a switching
transistor, a capacitor, and a driving transistor.

The gamma corrector 120 implements gamma correction
so that the relationship between a variation of input gray level
data and a variation of a gray level voltage is substantially
linear. The gamma corrector 120 may implement the gamma
correction through the gamma correction implementing pro-
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cedure (S206) illustrated in FIG. 2 so that a gamma curve
showing the change of the gray level voltage according to the
change of the input gray level data has a gamma value of about
1.1to about 1.2.

The scaler 130 scales the input gray level data gamma-
corrected by the gamma corrector 120 and provides the scaled
data to the adder 160. For example, when a full-white gray
level of the input gray level data is 1024 and the full-white
gray level of the scaled gray level data corresponding thereto
1s 768, the scaler 130 may scale the input gray level data using
a proportional relation.

The counter 140 generates a counting signal (X, y) output-
ting a correction value of the threshold voltage stored in the
lookup table (152 of FIG. 5) to provide the counting signal to
the threshold voltage decoder 150. Herein, x of the counting
signal is the abscissas of the lookup table, and y of the count-
ing signal is the ordinate of the lookup table. When the thresh-
old voltage decoder 150 restores the threshold voltage cor-
rection value using the bilinear interpolation, the counter 140
may generate the counting signal that outputs 4 sampled
threshold voltage correction values at a time and provides the
generated counting signal to the threshold voltage decoder
150.

The threshold voltage decoder 150 interpolates in real-time
the 4 sampled threshold voltage correction values output by
the counting signal (x, y) by using the bilinear interpolation to
calculate all the threshold voltage correction values applied to
the respective driving transistors of the OLED panel 110 and
sequentially provides the calculated threshold voltage correc-
tion values to the adder 160.

The adder 160 adds the input gray level data scaled from
the scaler 130 to the corresponding threshold voltage correc-
tion value provided from the threshold voltage decoder 150
and provides the added value to the OLED panel 110.

FIG. 5 is a block diagram showing an implementation of
the threshold voltage decoder 150 illustrated in FIG. 4.

Referring to FIG. 5, the threshold voltage decoder 150
includes a lookup table 152 and an interpolator 154.

The lookup table 152 is a memory in which the sampled
threshold voltage correction values are stored. When the
OLED panel 110 is 4.3-inch WqVGA (480%272) and the
threshold voltage correction values are sampled on a 32-pixel
grid basis, the lookup table 152 outputs 4 threshold voltage
correction values f, T}, f;,, and f}; at a time in response to
a counting signal (x_CNT[16:0], y_CNT[10:0]). The thresh-
old voltage correction values fyg, T}, f;. and f, | are provided
to the interpolator 154.

The interpolator 154 restores a threshold voltage correc-
tion value fof the sampled pixel by interpolating the 4 thresh-
old voltage correction values fy,. T}, {5, and £}, in response
to a counting signal (x_CNT[32:0], y_CNT[32:0]) by the
bilinear interpolation. This can be expressed by the following
[Equation 3]:

(32-0(32-))
32%x32

[Equation 3]
f=

x(32-y

(
o355

32-x)y
32x32

Xy

),
fuos 32%x32

Jore fu

In [Equation 3], x corresponds to the counting signal
x_CNT[32:0], and y corresponds to the counting signal
y_CNT[32:0]. Accordingly, when each of x and y is sequen-
tially changed from 0 to 32, all the threshold voltage correc-
tion values between the 4 threshold voltage correction values
fo0s f10s To1» and £}, may be restored in real-time.
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FIG. 6 is an equivalent circuit of a pixel unit of the OLED
panel shown in FIG. 4.

Referring to FIG. 6, the unit pixel of the OLED panel 110
includes a switching transistor ST that switches a gray level
voltage Vp provided from a data line in response to a scan
signal provided from a scan line; a driving transistor DT that
controls a drain-source current Ids in response to the gray
level voltage Vp; a capacitor C that maintains the gray level
voltage Vp during on frame period; and an OLED element
that emits light as a function of the drain-source current Ids.
The gray level voltage Vp applied to the driving transistor DT
is a voltage corresponding to the gray level data provided
from the adder 160 shown in FIG. 4. The gray level voltage Vp
is applied to the gate of the driving transistor DT to compen-
sate for the threshold voltage of the driving transistor DT.

Compensating for the threshold voltage of the driving tran-
sistor DT by the gray level voltage Vp is explained with
reference to the following Equations.

LKV o=V =KV~ Vot VY [Equation 4]

In[Equation 4], Ids is the drain-source current flowing into
the driving transistor DT that is driven in a saturation area.
The drain-source current Ids may be represented by a gate-
source voltage Vgs of the driving transistor DT and the
threshold voltage Vth of the driving transistor DT. A constant
K may be influenced by a size of the driving transistor, mobil-
ity, capacitance, etc.

Since the gate-source voltage Vgs of the driving transistor
DT may be expressed by a difference between the gray level
voltage Vp and an OLED element voltage Voled.

Lis KV etV Vot Vi =K (VV 1o [Equation 5]

Referring to [Equation 5], the gray level voltage Vp of
[Equation 4] may be expressed as the sum of a voltage V;
corresponding to the scaled gray level data (provided from the
scaler 130 shown in FIG. 4) and a correction voltage Vthe
corresponding to the threshold voltage correction value.
When the correction voltage Vthe approximates to the thresh-
old voltage Vth so that a difference between the threshold
voltage Vth and the correction voltage Vthe is sufficiently
small, the drain-source current Ids is not dependent on the
threshold voltage Vith.

Accordingly, since the drain-source current Ids is not influ-
enced by variations of the threshold voltages of the driving
transistors that may be generated during fabrication of the
OLED panel, the luminance uniformity of the OLED panel
110 may be improved.

FIG. 7 is a graph showing a characteristic of an OLED
panel according to the related art, and FIG. 8 is a graph
showing a characteristic of an OLED panel according to an
exemplary embodiment of the present invention. In FIG. 7
and FIG. 8, the x-axis shows the gate-source voltage Vgs of
the driving transistor, the y-axis shows the drain-source cur-
rent Ids of the driving transistor. The fourteen curves repre-
sented by fourteen different line widths shown to the right in
the figures illustrate the operating characteristics of fourteen
driving transistors included in fourteen selected pixels of the
OLED panel.

Referring to FIG. 7, in the OLED panel according to the
related art, although the same gate-source voltage Vgs is
applied to the fourteen driving transistors, the drain-source
currents Ids of the driving transistors vary significantly. This
is because the threshold voltage of each driving transistor of
the OLED panel is not alike in view of fabricating error. The
variation of the threshold voltages may lead to non-uniform
luminance of the display.

20

25

30

40

45

55

60

65

8

Referring to FIG. 8, in the OLED panel according to the
embodiment exemplary of the present invention, when the
same gate-source voltage Vgs is applied to the fourteen driv-
ing transistors, the drain-source currents Ids of the driving
transistors are nearly uniform.

This shows that the variations of the threshold voltages of
the driving transistors generated during fabrication of OLED
panel has been corrected.

The embodiment of the present invention improves the
luminance non-uniformity by sampling and restoring in real-
time the threshold voltage of the driving transistor and cor-
recting the variation of the threshold voltage.

The embodiments of the present invention are applicable to
devices which are lightweight, compact and have low power
consumption, such as mobile communication devices, multi-
media devices, and large-sized television receivers.

While the invention has been shown and described with
reference to a certain exemplary embodiment thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims

What is claimed is:

1. A method of driving an organic light emitting display
device, comprising:

generating a luminance map for a plurality of pixels by

applying a driving voltage having a common magnitude
to driving transistors associated with the plurality of
pixels of a display panel and capturing a luminance
associated with each of the pixels;

generating a threshold voltage map by calculating thresh-

oldvoltage correction values that compensate for thresh-
old voltage variation of the driving transistors corre-
sponding to luminances of the pixels;

generating a lookup table by sampling the threshold volt-

agecorrection values stored in the threshold voltage map
to generate sampled threshold voltage correction values
stored in the lookup table, wherein the plurality of pixels
is divided into a plurality of grid units, and each of the
sampled threshold voltage correction values is sampled
from a plurality of threshold voltage correction values
corresponding to multiple pixels in a grid unit of the
plurality of grid units;

restoring the threshold voltage correction values by inter-

polating the sampled threshold voltage correction val-
ues; and

correcting a driving voltage by adding the restored thresh-

old voltage correction values to input gray level data to
generate added values and by providing the added values
to the display panel,

wherein the generating the threshold voltage map com-

prises:

calculating the threshold voltages corresponding to the
luminances of the pixels by using correlation between
the luminances of the pixels and the threshold volt-
ages of the driving transistors formed in the pixels;

implementing gamma correction such that the input gray
level data has a substantially linear relation with gray
level voltages applied to the driving transistors; and

scaling the gray level voltages corresponding to the gray
level data to generate gamma-corrected threshold
voltages as the threshold voltage correction values
and to generate the threshold voltage correction val-
ues as the threshold voltage map.

2. The method of claim 1, wherein the panel is an organic
light emitting display panel that includes an organic light
emitting display element driven by the driving transistor.
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3. The method of claim 2, wherein generating the lookup
table comprises sampling the plurality of pixels on a grid
basis and storing the threshold voltage correction values cor-
responding to the sampled pixels in the lookup table.

4. The method of claim 1, wherein generating the threshold
voltage map further comprises removing noise included in the
luminance map by noise filtering or geometric correction.

5. The method of claim 1, wherein correcting the driving
voltage comprises:

implementing gamma correction such that the input gray

level data has a substantially linear relation with the gray
level voltages; and

scaling the input gray level data and adding the scaled gray

level data to the threshold voltage correction values.

6. The method of claim 2, wherein restoring the threshold
voltage correction values is implemented by bilinear interpo-
lation.

7. The method of claim 2, wherein generating the lumi-
nance map comprises applying a driving voltage correspond-
ing to a black gray level to the driving transistors before
applying the same driving voltage to the driving transistors.
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