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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0082651, filed on Jun. 30,
2016, which is hereby incorporated by reference in its
entirety as if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to an organic light
emitting diode (OLED) display device, and more particu-
larly, to an organic light emitting diode display device
capable of reducing the number of lines between a timing
controller and a data driving IC.

Discussion of the Background

[0003] Flat panel displays that display images using digi-
tal data are typically liquid crystal displays (LCDs) using
liquid crystals and OLED display devices using organic light
emitting diodes (OLED:s).

[0004] Of these, OLED display devices are self-luminous
devices that emit organic light-emitting layers by recombi-
nation of electrons and holes, and are expected to be the next
generation display devices because of their high brightness,
low driving voltage and thinness.

[0005] FIG. 1 is a configuration diagram of an OLED
display device according to the related art.

[0006] As shown in FIG. 1, the related art OLED display
device includes display panel 1 having a plurality of pixels
arranged in a matrix form and defined in a region where a
plurality of gate lines GL and data lines DL intersect, a
timing controller 4 for aligning video signals inputted from
the outside and controlling the operation timing of each
pixel, and a gate driver 3 and a data driver 2 for driving gate
lines GL and data lines DL provided in the display panel 1
in accordance with signals outputted from the timing con-
troller 4.

[0007] Here, the gate driver 3 includes a plurality of gate
driving 1Cs, and the data driver 2 also includes a plurality of
data driving ICs.

[0008] Each pixel of the display panel 1 includes an
OLED element composed of an organic light emitting layer
between an anode and a cathode, and a pixel circuit for
independently driving the OLED element.

[0009] The pixel circuit includes a switching thin film
transistor (TFT) TR1 for supplying a data voltage to a
storage capacitor Cst according to a scan signal, a driving
TFT TR2 for supplying a driving current to the OLED
element according to a driving voltage charged in the storage
capacitor Cst, and a sensing TFT TR3 for sensing a threshold
voltage variation and a mobility variation of the driving
TFT. Therefore, the OLED element generates light propor-
tional to a driving current.

[0010] Inthe OLED display device, there is a problem that
the driving characteristics (i.e., threshold voltage, mobility,
and etc.) of the driving TFT are varied due to a process
variation and a change with the passage of time, thereby
causing non-uniform luminance. In order to solve this prob-
lem, an OLED display uses a compensation method of
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sensing driving characteristics of each pixel and compen-
sating data to be supplied to each pixel by using the sensed
driving characteristics.

[0011] In the related art image quality compensation tech-
nique, the method and period for sensing the threshold
voltage change amount of the driving TFT and the mobility
variation amount of the driving TFT are different from each
other.

[0012] FIG. 2 is a diagram for explaining the related art
image quality compensation technique, and FIG. 3A is a
graph of a pixel circuit configuration and a time and voltage
relationship for explaining a sensing principle for extracting
a threshold voltage change of a drive TFT in the related art
image quality compensation technique, FIG. 3B is a graph of
a pixel circuit configuration and a time and voltage relation-
ship for explaining a sensing principle for extracting a
mobility change of a driving TFT in the related art image
quality compensation technique.

[0013] As shown in FIGS. 2 and 3A, the sensing method
for extracting the change in the threshold voltage Vth of the
driving TFT is performed by receiving a source voltage Vs
of the driving TFT as a sensing voltage VsenA after oper-
ating the driving TFT in a source follower manner and then
detecting a threshold voltage change amount of the driving
TFT based on the sensing voltage VsenA. The threshold
voltage change amount of the driving TFT is determined
according to the magnitude of the sensing voltage VsenA,
thereby obtaining an offset value for data compensation. In
this sensing method, since the sensing operation must be
performed after the gate-source voltage Vgs of the driving
TFT operated in the source follower mode reaches the
saturation state, the sensing time is long and the sensing
speed is low. This sensing method is referred to as a slow
mode sensing method.

[0014] As shown in FIGS. 2 and 3B, the sensing method
for extracting the change in the mobility p of the driving
TFT is performed by turning on the driving TFT by applying
a constant voltage Vdata+X higher than the threshold volt-
age, in order to define the current capability characteristics
excluding the threshold voltage (Vth) of the driving TFT,
and receiving the source voltage Vs of the driving TFTs
charged for a predetermined time as a sensing voltage
VsenB, where X is a voltage in accordance with the offset
value compensation. The mobility change amount of the
driving TFT is determined according to the magnitude of the
sensing voltage VsenB, thereby obtaining a gain value for
data compensation. This sensing method is characterized in
that the time required for sensing is short and the sensing
speed is fast since this sensing method is performed in a state
in which the driving TFT is turned on. This sensing method
is referred to as a fast mode sensing method.

[0015] Since the sensing speed of the slow mode sensing
method is slow, a sufficient sensing period is required. That
is, the slow mode sensing method for sensing the threshold
voltage of the driving TFT must be performed until the
driving power is turned off after the image display is
completed, in response to the power off command signal
from the user, so that the sensing time can be sufficiently
allocated without being recognized by the user.

[0016] On the other hand, the fast mode sensing method
for sensing the mobility of a driving TFT has a high sensing
speed. Therefore, the fast mode sensing method may be
performed in the vertical blank periods within the display
driving period, before the image display is performed after
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the driving power is turned on in response to the power-on
command signal from the user.

[0017] In order to sense the driving characteristics of each
pixel and to compensate data to be supplied to each pixel
using a sensing value, video signal transmission lines for
transmitting video signal from the timing controller 4 to the
data driver 3 and a separate line B-LVDS for transmitting the
sensing value to the timing controller 4 exists between the
timing controller 4 and the data driver 3.

[0018] FIG. 4 is a block diagram showing the configura-
tion of the related art timing controller 4 and the data drivers
3(3a, 3b and 3¢).

[0019] The timing controller 4 transmits the video signal
to each data driving IC 3a, 35, and 3c¢. Of the data driver 3
through an EPI (Embedded Point-to-Point Interface) inter-
face known as a high-speed serial interface. The data driver
3 transmits the sensing value to the timing controller 4
through a separate low voltage differential signal (LVDS)
interface. Therefore, the OLED display device requires a
separate LVDS interface in addition to the EPI interface in
order to transmit the sensing value. Accordingly, the OLED
display device has a size of the control PCB larger than that
of the liquid crystal display device, and the number of pins
of the timing controller of the OLED display device is
increased.

SUMMARY

[0020] Accordingly, the present disclosure is directed to
an organic light emitting display device that substantially
obviates one or more problems due to limitations and
disadvantages of the prior art.

[0021] The present disclosure is to provide an organic
light emitting display device capable of transmitting a
sensing value through an EPI interface without a separate
line B-LVDS.

[0022] Additional advantages and features of the disclo-
sure will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. Other advantages of
the disclosure may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, an organic light emitting
display device according to an aspect includes a display
panel having a plurality of gate lines and data lines, a timing
controller for controlling the operation timing of each pixel,
a gate driver for driving gate lines, a data driver having a
plurality of data driving ICs for driving data lines, and an
EPI interface between the timing controller and each of data
driving ICs and for transmitting video/control data signal
from the timing controller to each data driving IC, and
transmitting a sensing value from the each of data driving IC
to the timing controller.

[0024] In another aspect of the present disclosure, an
organic light emitting display device includes a display
panel having a plurality of pixels, gate lines and data lines;
a timing controller outputting a video/control data signal; a
gate driver driving the gate lines; a data driver driving the
data lines and outputting a sensing value of the pixels to
compensate for the video/control data signal; and an embed-
ded point-to-point interface connected between the timing
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controller and the data driver, wherein both of the video/
control data signal and the sensing value are respectively
transmitted to the data driver and the timing controller
through the embedded point-to-point interface.

[0025] The each of the data driving ICs includes an
oscillator for generating a clock signal for transmitting the
sensing value to the timing controller through the EPI
interface.

[0026] The timing controller includes a first transmission
module for transmitting video/control data signal converted
into a serial transmission packet to the each of data driving
ICs via the EPI interface, a first reception module for
receiving the sensing value from the each of data driving ICs
via the EPI interface, a first transmission/reception selector
for enabling one of the first transmission module and the first
reception module, and disabling the other, and a transmis-
sion/reception timing controller for controlling the first
transmission/reception selector.

[0027] Each of data driving ICs includes a second recep-
tion module for receiving the video/control data signal from
the timing controller through the EPI interface, a clock data
recovery unit for restoring video data, control data, and a
clock signal from the video/control data signal. an oscillator
for generating a clock signal in accordance with the restored
control signal, an encoder for encoding a sensing value
sensed from the display panel in synchronization with the
clock signal generated by the oscillator, a second transmis-
sion module for converting the sensing value encoded by the
encoder into a transmission packet and transmitting the
transmission packet to the timing controller through the EPI
interface, a counter for counting the clock signal generated
by the oscillator and outputting a control signal when the
count value reaches a predetermined value, and a second
transmission/reception selector for disabling the second
reception module and enabling the second transmission
module according to the control signal restored by the
control data processing unit, and for disabling the second
transmission module and enabling the second reception
module according to the control signal of the counter.
[0028] Each of data driving ICs further comprises an
image data processing unit for processing the image data
restored by the clock data recovery unit, a latch unit for
latching the image data processed by the image data pro-
cessing unit, a control data processing unit for processing the
control data restored by the clock data recovery unit, and
supplying the processed control data to the counter and the
oscillator, a DAC for converting the image data latched by
the latch unit into an analog image signal according to the
control signal processed by the control data processing unit,
and an output unit for supplying the analog image signal
converted by the DAC to each data line of the OLED panel.
[0029] Each of data driving ICs further comprises a sam-
pling unit for sampling the sensing value sensed from the
display panel, and an ADC for converting the sensing value
sampled by the sampling unit into a digital signal, and
supplying the digital sensing value to the encoder.

[0030] The organic light emitting display device accord-
ing to another aspect includes an auxiliary signal line for
transferring the control signal from the transmission/recep-
tion timing control unit to the each data driving IC, and the
each data driving IC includes a second reception module for
receiving video/control data signal from the timing control-
ler through the EPI interface, a clock data recovery unit for
restoring video data, control data, and a clock signal from
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the video/control data signal, an oscillator for generating a
clock signal in accordance with the control signal restored
by the clock data recovery unit, an encoder for encoding a
sensing value sensed from the OLED panel in synchroniza-
tion with the clock signal generated by the oscillator, a
second transmission module for converting the sensing
value encoded by the encoder into a transmission packet and
transmitting the transmission packet to the first reception
module of the timing controller through the EPI interface, a
second transmission/reception selector for receiving the
control signal from the transmission/reception timing con-
troller through the auxiliary signal line, and enabling one of
the second reception module and the second transmission
module and disabling the other according to the control
signal from the transmission/reception timing controller.
[0031] The timing controller and each of the data driving
ICs communicate with each other via the EPI interface in the
Manchester coding scheme.

[0032] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspect(s) of the disclosure and together with the
description serve to explain the principle of the disclosure.
[0034] In the drawings:

[0035] FIG. 1 is a configuration diagram of an OLED
display device according to the related art;

[0036] FIG. 2 is a diagram for explaining the related art
image quality compensation technique;

[0037] FIG. 3A is a graph of a pixel circuit configuration
and a time and voltage relationship for explaining a sensing
principle for extracting a threshold voltage change of a drive
TFT in the related art image quality compensation tech-
nique;

[0038] FIG. 3B is a graph of a pixel circuit configuration
and a time and voltage relationship for explaining a sensing
principle for extracting a mobility change of a driving TFT
in the related art image quality compensation technique;
[0039] FIG. 4 is a block diagram showing the configura-
tion of the related art timing controller 4 and the data drivers
3 (3a, 36 and 3c¢);

[0040] FIG. 5 is a block diagram showing a configuration
of a timing controller and a data driver according to an
aspect of the present disclosure;

[0041] FIG. 6 is a timing diagram for explaining a com-
munication method between the timing controller and the
data driver according to an aspect of the present disclosure;
[0042] FIG. 7 is a block diagram showing a configuration
of a timing controller and a data driver according to another
aspect of the present disclosure;

[0043] FIG. 8 is a timing diagram for explaining a com-
munication method between the timing controller and the
data driver according to another aspect of the present
disclosure;

[0044] FIG. 9 is a diagram for explaining a method for
correcting a clock frequency of an oscillator according to the
present disclosure;

Jan. 4, 2018

[0045] FIGS. 10A and 10B are diagrams for explaining a
method for correcting the clock frequency of the oscillator
according to the present disclosure;

[0046] FIG. 11 is a timing diagram for explaining the
transmission timing of a sensing value according to the
present disclosure; and

[0047] FIG. 12A is a diagram for explaining the Man-
chester code, and FIG. 12B is a timing diagram for explain-
ing that a phase signal can be transmitted between differ-
ential signals by using a synchronization signal.

DETAILED DESCRIPTION

[0048] Reference will now be made in detail to aspects of
the disclosure, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the aspects of the
disclosure. Names of components used in the following
description may be selected in consideration of facility of
specification preparation. Thus, the names of the compo-
nents may be different from names of components used in a
real product.

[0049] As shown in FIG. 1, The OLED display according
to the related art includes a display panel 1 having a plurality
of pixels arranged in a matrix form and defined in a region
where a plurality of gate lines GL and data lines DL
intersect, a timing controller 4 for aligning video signals
inputted from the outside and controlling the operation
timing of each pixel, and a gate driver 3 and a data driver 2
for driving gate lines GL and data lines DL provided in the
display panel 1 in accordance with signals outputted from
the timing controller 4.

[0050] Here, the gate driver 3 includes a plurality of gate
driving 1Cs, and the data driver 2 also includes a plurality of
data driving ICs

[0051] Each pixel of the display panel 1 includes an
OLED element composed of an organic light emitting layer
between an anode and a cathode, and a pixel circuit for
independently driving the OLED element.

[0052] The pixel circuit includes a switching thin film
transistor (TFT) TR1 for supplying a data voltage to a
storage capacitor Cost according to a scan signal, a driving
TFT TR2 for supplying a driving current to the OLED
element according to the data voltage charged in the storage
capacitor Cst, and a sensing TFT TR3 for sensing a threshold
voltage variation and a mobility variation of the driving
TFT. Therefore, the OLED element generates light propor-
tional to a driving current.

[0053] However, the configurations of the timing control-
ler and the data driver of the OLED display device of the
present disclosure are different from that of the related art
OLED display device.

[0054] FIG. 5is a block diagram showing a configuration
of a timing controller and a data driver according to an
aspect of the present disclosure.

[0055] According to an aspect of the present disclosure,
only an EPI interface exists between the timing controller 14
and the data driver 13 including a plurality of data driving
ICs. There is no separate LVDS interface for transmitting the
sensing value from each of the data driving ICs of the data
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driver 13 to the timing controller 14. That is, in an aspect of
the present disclosure, the EPI interface communicates in
both directions.

[0056] As shown in FIG. 5, the timing controller 14
according to an aspect of the present disclosure converts
various control signals, image data, and clocks to a serial
transmission packet (e.g., EPI transmission packet). The
various control signals include a source start pulse, a source
sampling clock, a source output enable signal, a vertical
synchronization signal Vsyc, and a horizontal synchroniza-
tion signal Hsyc.

[0057] The timing controller 14 includes a first transmis-
sion module 15 for transmitting the various control signals,
the image data, and the clocks to each data driving IC of the
data driver 13 via the EPI interface as the serial transmission
packet, a first reception module 16 for receiving a sensing
value from the each data driving IC of the data driver 13 via
the EPI interface, a first transmission/reception selector 17
for enabling one of the first transmission module 15 and the
first reception module 16 and disabling the other, and a
transmission/reception timing controller 18 for outputting a
control signal for controlling the first transmission/reception
selector 17.

[0058] As shown in FIG. 5, each data driving IC of the
data driver 13 according to an aspect of the present disclo-
sure includes a second reception module 21, a clock data
recovery unit 22, a video data processing unit 23, a latch unit
25, a control data processing unit 24, a digital/analog
converter 26, an output unit 27, an oscillator 28, a sampling
unit 30, an analog/digital converter 31, an encoder 32, a
second transmission module 33, a counter 29, and a second
transmission/reception selector 34.

[0059] Here, the second reception module 21 receives the
serial transmission packet (e.g., EPI transmission packet)
from the first transmission module 15 of the timing control-
ler 14 through the EPI interface.

[0060] The clock data recovery unit 22 restores video data,
control data, and a clock signal from the serial transmission
packet.

[0061] The image data processing unit 23 processes the

image data restored by the clock data recovery unit 22.
[0062] The latch unit 25 latches the image data processed
by the image data processing unit 23.

[0063] The control data processing unit 24 processes the
control data restored by the clock data recovery unit 22.
[0064] The digital/analog converter 26 converts the image
data latched by the latch unit 25 into an analog image signal
according to the control signal processed by the control data
processing unit 24.

[0065] The output unit 27 supplies the analog image signal
converted by the digital/analog converter 26 to each data
line of the OLED panel 11.

[0066] The oscillator 28 is provided inside each data
driving IC of the data driver 13 and generates a clock signal
in accordance with the control signal processed by the
control data processing unit 24.

[0067] The sampling unit 30 samples the sensing value
sensed from the display panel 11.

[0068] The analog/digital converter 31 converts the sens-
ing value sampled by the sampling unit 30 into a digital
signal.

[0069] The encoder 32 encodes the digital sensing value

from the analog/digital converter 31 in synchronization with
the clock signal generated by the oscillator 28.
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[0070] The second transmission module 33 converts the
sensing value encoded by the encoder 32 into a transmission
packet and transmits the transmission packet to the timing
controller 14 through the EPI interface.

[0071] The counter 29 counts the clock signal generated
from the oscillator 28 and outputs a control signal when the
count value reaches a predetermined value.

[0072] The second transmission/reception selector 34 dis-
ables the second reception module 21 and enables the
second transmission module 33 according to the control
signal restored by the control data processing unit 24. Also,
the second transmission/reception selector 34 disables the
second transmission module 33 and enables the second
reception module 21 according to the control signal of the
counter 29.

[0073] The operation between the timing controller and
the data driver according to an aspect of the present disclo-
sure will now be described.

[0074] FIG. 6 is a timing diagram for explaining a com-
munication method between the timing controller and the
data driver according to an aspect of the present disclosure.
[0075] Firstly, in the serial transmission packet (e.g., EPI
transmission packet) transmitted from the timing controller
to each data driving IC, the control packet CTR and the
video data RGB are repeated for one horizontal line during
the active period of the vertical synchronization signal
Vsync. Also, in the serial transmission packet (e.g., EPI
transmission packet) transmitted from the timing controller
to each data driving IC, a transmission mode packet Tx-ON
is inserted into the control packet CTR at the start of a blank
Vblank of the vertical synchronization signal Vsync,
although not shown in the drawing, and an oscillator control
signal is inserted into the control packet CTR at least one
horizontal period before the transmission mode packet Tx-
ON.

[0076] The transmission/reception timing control unit 18
of the timing controller 14 outputs a control signal to operate
the first transmission module 15. And the first transmission/
reception selector 17 of the timing controller 14 enables the
first transmitting module 15 and disables the first reception
module 16 according to the control signal from the trans-
mission/reception timing control unit 18. Accordingly, the
serial transmission packet (e.g., EPI transmission packet)
signal is output from the first transmission module 15 of the
timing controller 14 through the EPI interface to the second
reception module 21.

[0077] Each data driving IC of the data driver 13 receives
the serial transmission packet (e.g., EPI transmission packet)
signal through the second reception module 21.

[0078] The clock data recovery unit 22 restores video data,
control data, and a clock signal from the serial transmission
packet (e.g., EPI transmission packet) signal received
through the second reception module 21. The image data
processing unit 23 processes the image data restored by the
clock data recovery unit 22, and the control data processing
unit 24 processes the control data restored by the clock data
recovery unit 22.

[0079] The latch unit 25 latches the image data processed
by the image data processing unit 23. The digital/analog
converter 26 converts the image data latched by the latch
unit 25 into an analog image signal according to the control
signal processed by the control data processing unit 24, and
outputs the analog image signal to each of data lines of the
OLED panel 11 through the output unit 27.
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[0080] Also, the control data processing unit 24 restores
an oscillator control signal and enables the oscillator 28.
Therefore, the oscillator 28 generates and outputs a clock
signal.

[0081] Also, the control data processing unit 24 restores
the transmission mode packet Tx-ON and outputs a trans-
mission mode control signal to the second transmission/
reception selector 34. Then, the second transmission/recep-
tion selector 34 disables the second reception module 21 and
enables the second transmission module 33.

[0082] When the control data processing unit 24 restores
the transmission mode packet Tx-ON and outputs the trans-
mission mode control signal to the second transmission/
reception selector 34, the transmission/reception timing con-
trol unit 18 of the timing controller 14 outputs a control
signal to operate the first reception module 16, and the first
transmission/reception selector 17 of the timing controller
14 disables the first transmission module 15 and enables the
first reception module 16.

[0083] The sampling unit 30 samples the sensing value
sensed from the display panel 11, the analog to digital
converter 31 converts the sensing value sampled by the
sampling unit 30 into a digital signal, and the encoder 32
encodes the digital sensing value from the analog-to-digital
converter 31 in synchronization with the clock signal from
the oscillator 28. The second transmission module 33 con-
verts the sensing value encoded by the encoder 32 into a
transmission packet and transmits the transmission packet to
the first reception module 16 of the timing controller 14
through the EPI interface.

[0084] The first reception module 16 of the timing con-
troller 14 receives the encoded sensing value through the
EPI interface and restores the sensing value.

[0085] The timing controller 14 processes the sensing
value to generate compensation values for compensating for
a driving deviation of each pixel (threshold voltage devia-
tion and mobility deviation of the driving TFT, and threshold
voltage of the OLED, etc.), And the timing controller 14
compensates for pixel data to be supplied to each pixel using
the compensation values, and outputs the compensated pixel
data to each data driving IC of the data driver 13 via the EPI
interface.

[0086] In this process, the counter 29 counts the clock
signal from the oscillator 28 and outputs a control signal to
the second transmission/reception selector 34 when the
count value reaches a predetermined value, Thereby
enabling the receiving module 21 and disabling the second
transmitting module 33.

[0087] At the same time, the transmission/reception tim-
ing controller 18 of the timing controller 14 outputs a control
signal to operate the first transmission module 15, and the
first transmission/reception selector 17 enables the first
transmitting module 15 and disables the first receiving
module 16.

[0088] Accordingly, since the EPI interface can be bi-
directionally communicated, the various control signals, the
image data, and the clocks can be transmitted from the
timing controller 14 to each data driving IC of the data
driver, and the sensing value can be transmitted from each
data driving IC of the data driver to the timing controller 14,
through only the EPI interface.

[0089] FIG. 7 is a block diagram showing a configuration
of a timing controller and a data driver according to another
aspect of the present disclosure.
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[0090] As shown in FIG. 7, only an EPI interface exists
between the timing controller 14 and each of data driving
ICs of the data driver according to another aspect of the
present disclosure. There is no separate LVDS interface for
transmitting the sensing value from each of the data driving
ICs of the data driver to the timing controller 14.

[0091] However, the OLED display according to another
aspect of the present disclosure further includes an auxiliary
signal line (AUX) which transfers a control signal from the
transmission/reception timing control unit 18 of the timing
controller 14 to the second transmission/reception selector
34 of each data driving IC. Also, in the OLED display
according to the second embodiment of the present inven-
tion, the EPI interface bi-directionally communicates.

[0092] Therefore, the configurations of the timing control-
ler 14 and the data driver 13 according to another aspect of
the present disclosure are similar to those of the aspect of the
present disclosure, as shown in FIG. 5. However, since the
first transmission/reception selector 17 of the timing con-
troller 14 and the second transmission/reception selector 34
of each data driving IC are controlled by the transmission/
reception timing control unit 18 of the timing controller 14,
the counter 29 is not necessary in the configuration of the
data driver 13 according to another aspect of the present
disclosure.

[0093] As shown in FIG. 7, the timing controller 14
according to another aspect of the present disclosure con-
verts various control signals, image data, and clocks to serial
transmission packet (e.g., EPI transmission packet). The
various control signals include a source start pulse, a source
sampling clock, a source output enable signal, a vertical
synchronization signal Vsyc, and a horizontal synchroniza-
tion signal Hsyc.

[0094] The timing controller 14 according to another
aspect of the present disclosure includes a first transmission
module 15 for transmitting the various control signals,
image data, and clocks as the serial transmission packet to
each data driving IC of the data driver 13 via the EPI
interface, a first reception module 16 for receiving a sensing
value from the each data driving IC of the data driver 13 via
the EPI interface, a first transmission/reception selector 17
for enabling one of the first transmission module 15 and the
first reception module 16 and disabling the other, and a
transmission/reception timing controller 18 for outputting a
control signal for controlling the first transmission/reception
selector 17 and the second transmission/reception selector
34 of each data driving 1C.

[0095] As shown in FIG. 7, each data driving IC of the
data driver 13 according to another aspect of the present
disclosure includes a second reception module 21, a clock
data recovery unit 22, a video data processing unit 23, a latch
unit 25, a control data processing unit 24, a digital/analog
converter 26, an output unit 27, an oscillator 28, a sampling
unit 30, an analog/digital converter 31, an encoder 32, a
second transmission module 33, and a second transmission/
reception selector 34.

[0096] Here, the second reception module 21 receives the
serial transmission packet (e.g., EPI transmission packet)
from the first transmission module 15 of the timing control-
ler 14 through the EPI interface.

[0097] The clock data recovery unit 22 restores video data,
control data, and a clock signal from the serial transmission
packet (e.g., EPI transmission packet).
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[0098] The image data processing unit 23 processes the
image data restored by the clock data recovery unit 22.
[0099] The latch unit 25 latches the image data processed
by the image data processing unit 23.

[0100] The control data processing unit 24 processes the
control data restored by the clock data recovery unit 22.
[0101] The digital/analog converter 26 converts the image
data latched by the latch unit 25 into an analog image signal
according to the control signal processed by the control data
processing unit 24.

[0102] The output unit 27 supplies the analog image signal
converted by the digital/analog converter 26 to each data
line of the OLED panel 11.

[0103] The oscillator 28 is provided inside each data
driving IC of the data driver 13 and generates a clock signal
in accordance with the control signal processed by the
control data processing unit 24.

[0104] The sampling unit 30 samples the sensing value
sensed from the display panel 11.

[0105] The analog/digital converter 31 converts the sens-
ing value sampled by the sampling unit 30 into a digital
signal.

[0106] The encoder 32 encodes the digital sensing value
from the analog/digital converter 31 in synchronization with
the clock signal generated by the oscillator 28.

[0107] The second transmission module 33 converts the
sensing value encoded by the encoder 32 into a transmission
packet and transmits the transmission packet to the first
reception module 16 of the timing controller 14 through the
EPI interface.

[0108] The second transmission/reception selector 34
enables one of the second reception module 21 and the
second transmission module 33 and disables the other
according to the control signal from the transmission/recep-
tion timing controller 18 of the timing controller 14.
[0109] The operation between the timing controller and
the data driver according to another aspect of the present
disclosure will now be described.

[0110] FIG. 8 is a timing diagram for explaining a com-
munication method between the timing controller and the
data driver according to another aspect of the present
disclosure.

[0111] As described above, in the OLED display device
according to another aspect of the present disclosure, both of
the first transmission/reception selector 17 of the timing
controller 14 and the second transmission/reception selector
34 of each data driving IC are controlled by the transmis-
sion/reception timing control unit 18 of the timing controller
14. Therefore, the operation of the remaining components
according to another aspect of the present disclosure is the
same as that of the aspect of the present disclosure as shown
in FIG. 5 and will not be described. The operations of the
first transmission/reception selector 17 of the timing con-
troller 14 and the second transmission/reception selector 34
of each data driving IC will be described below.

[0112] In the serial transmission packet (e.g., EPI trans-
mission packet), the control packet CTR and the video data
RGB are repeated for one horizontal line during the active
period of the vertical synchronization signal Vsynec. Also, in
the serial transmission packet (e.g.. EPI transmission
packet), although not shown in the drawing, an oscillator
control signal is inserted into the control packet CTR at least
one horizontal period.
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[0113] However, since both of the first transmission/re-
ception selector 17 of the timing controller 14 and the
second transmission/reception selector 34 of each data driv-
ing IC are controlled by the transmission/reception timing
control unit 18 of the timing controller 14, a transmission
mode packet Tx-ON is not inserted into the control packet
CTR at start of a blank Vblank of the vertical synchroniza-
tion signal Vsync as in the aspect of the present disclosure
shown in FIG. 5.

[0114] In another aspect of the present disclosure, in order
to transmit the serial transmission packet (e.g., EPI trans-
mission packet) from the timing controller 14 to each data
driving IC, the transmission/reception timing controller 18
of the timing controller 14 controls the first transmission/
The reception selector 17 to select the first transmission
module 15, and controls the second transmission/reception
selector 34 to select the second reception module 21.
Accordingly, the first transmission/reception selector 17
enables the first transmission module 15 and disables the
first reception module 16, and the second transmission/
reception selector 34 enables the second receiving module
21 and disables the second transmitting module 33.

[0115] In this state, when the serial transmission packet
(e.g., EPI transmission packet) signal is output from the first
transmission module 15 of the timing controller 14 through
the EPI interface, each data driving IC of the data driver 13
receives the serial transmission packet (e.g., EPI transmis-
sion packet) signal through the second reception module 21.
[0116] As described in the aspect of the present disclosure
shown in FIG. 5, the image data, the control data, the clock
signal, and the like are restored and processed, and are
supplied to the respective data lines of the OLED panel 11
through the output unit 27.

[0117] In this way, video data of one vertical period is
supplied to each data line. In another aspect of the present
disclosure, in order to transmit the sensing value from each
of the data driving ICs to the timing controller 14, the
transmission/reception timing controller 18 of the timing
controller 14 controls the first transmission/reception selec-
tor 17 to select the first reception module 16, and controls the
second transmission/reception selector 34 to select the sec-
ond transmission module 33. Accordingly, the first trans-
mission/reception selector 17 enables the first reception
module 16 and disables the first transmission module 15, and
the second transmission/reception selector 34 enables the
second transmitting module 33 and disables the second
receiving module 21.

[0118] Also, the control data processing unit 24 restores an
oscillator control signal and enables the oscillator 28. There-
fore, the oscillator 28 generates and outputs a clock signal.
[0119] Accordingly, the sampling unit 30 samples the
sensing value sensed from the display panel 11. The analog/
digital converter 31 converts the sensing value sampled by
the sampling unit 30 into a digital signal. The encoder 32
encodes the digital sensing value from the analog/digital
converter 31 in synchronization with the clock signal from
the oscillator 28. The second transmission module 33 con-
verts the sensing value encoded by the encoder 32 into a
transmission packet and transmits the transmission packet to
the first reception module 16 of the timing controller 14
through the EPI interface.

[0120] The first reception module 16 of the timing con-
troller 14 receives the encoded sensing value through the
EPI interface and restores the sensing value.
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[0121] The timing controller 14 processes the sensing
value to generate compensation values for compensating for
a driving deviation of each pixel (threshold voltage devia-
tion and mobility deviation of the driving TFT, and threshold
voltage of the OLED, etc.), And the timing controller 14
compensates for pixel data to be supplied to each pixel using
the compensation values, and outputs the compensated pixel
data to each data driving IC of the data driver 13 via the EPI
interface.

[0122] Meanwhile, in the present invention, only an EPI
interface exists between the timing controller 14 and each
data driving IC of the data driver 13, and the sensing value
is transmitted from each data driving IC to the timing
controller 14 through the EPI interface. To do this, an
oscillator must be installed inside each data driving IC.

[0123] Howevert, a deviation may occur in the clock signal
generated from the oscillator. Therefore, the deviation of the
clock signals generated from the oscillator is to be elimi-
nated.

[0124] FIG. 9 is a diagram for explaining a method for
correcting a clock frequency of an oscillator according to the
present disclosure.

[0125] 1In order to solve the deviation of the clock signals
generated from the oscillator, the OLED display of the
aspect of the present disclosure shown in FIG. 5 is to be
designed such that the frequency of the clock signal gener-
ated from the oscillator is externally correctable.

[0126] That is, each data driving IC has a terminal for
checking a frequency of a clock signal generated from the
oscillator, and the frequency of the clock signal generated
from each oscillator is to be measured by a probe test in the
data driving IC checking step. Then, the measured frequency
is to be trimmed to a target clock.

[0127] FIGS. 10A and 10B are diagrams for explaining a
method for correcting the clock frequency of the oscillator
according to the present disclosure.

[0128] The method for correcting the clock frequency of
the oscillator according to the present disclosure is a method
for correcting the clock frequency of the oscillator by using
a packet to the data driving IC after the product is shipped.

[0129] That is, as shown in FIG. 10A, a plurality of
selection terminals OSC_SEL1, OSC_SEL2, and OSX_
SEL3 are provided in the oscillator 28 described in FIG. §
and FIG. 7

[0130] A trimming interval is allocated at the time of
power on, and the timing controller 14 measures the clock
frequency from the oscillator 28 for the trimming interval by
using an internal fine clock. Then, as shown in FIG. 10B, an
adjustment value (i.e., TRM 123 packet) for adjusting the
clock frequency from the oscillator 28 is inserted into the
EPI transmission packet, and the EPI transmission packet is
transmitted to each data driving IC.

[0131] That is, as shown in FIG. 10A, when the oscillator
28 is provided with three selection terminals OSC_SEL1,
OSC_SEL2, and OSX_SEL3, the adjustment value can be
adjusted by 3 bits (e.g., 000-111, 8 steps).

[0132] As shown in FIG. 104, if the adjustment value
(e.g., TRM 123 packet=HLH) is inserted, the clock data
recovery unit 22 restores video data, control data, a clock
signal, and the like from the EPI transmission packet signal
received through the second reception module 21. The video
data processor 23 processes the video data restored by the
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clock data recovery unit 22, and the control data processor
24 processes the control data restored by the clock data
recovery unit 22.

[0133] The latch unit 25 latches the image data processed
by the image data processing unit 23. The digital/analog
converter 26 converts the image data latched by the latch
unit 25 into an analog image signal according to the control
signal processed by the control data processing unit 24, and
outputs the analog image signal to each of data lines of the
OLED panel 11 through the output unit 27.

[0134] The control data processing unit 24 restores an
oscillator control signal and enables the oscillator 28. There-
fore, the oscillator 28 generates and outputs a clock signal.
Also, the control data processing unit 24 restores the adjust-
ment value (e.g., TRM123 packet=HLH) and sets the selec-
tion terminals OSC_SEL1, OSC_SEL2, and OSX_SEL3 of
the oscillator 28. For example, if the adjustment value is
“TRM123 packet=HLH”, “1”, “0”, “1” are set to each of the
selection terminals of the oscillator 28, Therefore, the oscil-
lator 28 outputs the clock signal having a frequency corre-
sponding to the value set at the selection terminal.

[0135] After the product is shipped, since the clock fre-
quency of the oscillator can be adjusted by this method, the
deviation of the clock signals generated from each oscillator
provided in each data driving IC can be eliminated.

[0136] Since the clock frequency of the oscillator can be
adjusted even after shipment by such a method, deviation of
clock signals generated in each oscillator provided in each
data driving IC can be eliminated.

[0137] FIG. 11 is a timing diagram for explaining the
transmission timing of a sensing value according to the
present invention.

[0138] Conventionally, the timing controller transmits the
video signal to each data driving IC of the data driver
through the EPI interface known as a high-speed serial
interface, The driving IC transmits the sensing value to the
timing controller through a separate LVDS interface. There-
fore, conventionally, the sensing value is converted into a
digital signal at the time of a blank V-blank of a vertical
synchronizing signal, and then the digital sensing value is
transmitted to the timing controller 14 at a blank interval
V-blank or a data transmission interval of the vertical
synchronizing signal.

[0139] However, as shown in FIG. 11, since the present
disclosure does not use the separate LVDS interface, each
data driving IC transmits the (n-1)-th sensing value to the
timing controller, samples the (N)-th sensing value, and
converts the sampled (N)-th sensing value into a digital
signal, at the (n)-th blank interval of the vertical synchro-
nizing signal. Also, each data driving IC transmits the (n)-th
sensing value to the timing controller, samples the (N+1)-th
sensing value, and converts the (N+1)-th sampled sensing
value into a digital signal, at the (n+1)-th blank interval of
the vertical synchronizing signal.

[0140] In the aspects of the present disclosure, the oscil-
lator in each data driving IC generates a clock signal, and
each data driving IC transmits the sensing value to the
timing controller by a clocked embedded transmission
method using the clock signal. However, the present disclo-
sure is not limited to this, and can be transmitted in the
Manchester code format.

[0141] FIG. 12A is a diagram for explaining the Man-
chester code, and FIG. 12B is a timing diagram for explain-
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ing that a phase signal can be transmitted between differ-
ential signals by using a synchronization signal.
[0142] As shown in FIG. 12A, the Manchester code is a
system in which data and a timing signal are combined into
one bit stream and the combined signal is transmitted.
[0143] That is, binary 0 transitions from low (L) to high
(H) at the center of the bit interval, and binary 1 transitions
from high (H) to low (L) at the center of the bit interval. The
Manchester code is transmitted using the clock signal gen-
erated from the oscillator in each of the data driving ICs.
[0144] As shown in FIG. 12B, when data is transmitted in
the Manchester coding scheme, the data may be transmitted
as a difference signal, and a phase may be adjusted between
data using a synchronization signal SYNC.
[0145] As is apparent from the above description, accord-
ing to the present disclosure, there are advantages as below.
[0146] First, since the sensing value can be transmitted
from each data driving IC to the timing controller through
the EPI interface without forming a separate line (B-LVDS),
the size of the control PCB can be reduced.
[0147] Second, since the sensing value can be transmitted
from each data driving IC to the timing controller through
the EPI interface without forming a separate line (B-LVDS),
the number of pins of the timing controller can be reduced
and the number of FFC pins can be reduced.
[0148] Third, since a clock signal is generated by an
oscillator installed in each data driving IC, and a sensing
value is transmitted by using the clock signal, a clock
deviation may occur for each data driving IC. However,
since a frequency of the clock signal can be adjusted by
trimming and using packets, the yield of the OLED display
device can be improved, and the quality of the OLED
display device can be improved.
[0149] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.
What is claimed is:
1. An organic light emitting display device comprising:
a display panel having a plurality of gate lines and data
lines;
a timing controller controlling an operation timing of each
pixel;
a gate driver driving the gate lines;
a data driver having a plurality of data driving ICs driving
the data lines; and
an embedded point-to-point interface between the timing
controller and each of the data driving ICs, transmitting
video/contro]l data signal from the timing controller to
each of the data driving ICs and transmitting a sensing
value from the data driving ICs to the timing controller.
2. The organic light emitting display device according to
claim 1, wherein each of the data driving ICs has an
oscillator generating a clock signal to transmit the sensing
value to the timing controller through the embedded point-
to-point interface.
3. The organic light emitting display device according to
claim 1, wherein the timing controller comprises;
a first transmission module transmitting video/control
data signal to each of the data driving ICs via the
embedded point-to-point interface,
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a first reception module receiving the sensing value from
each of the data driving ICs via the embedded point-
to-point interface,

a first transmission/reception selector enabling one of the
first transmission module and the first reception mod-
ule, and disabling the other of non-enabled module, and

a transmission/reception timing controller controlling the
first transmission/reception selector.

4. The organic light emitting display device according to

claim 3, wherein each of data driving ICs comprises;

a second reception module receiving the video/control
data signal from the timing controller through the
embedded point-to-point interface;

a clock data recovery unit restoring video data, control
data, and a clock signal from the video/control data
signal received through the second reception module;

an oscillator generating the clock signal in accordance
with the restored control signal;

an encoder encoding the sensing value sensed from the
display panel in synchronization with the clock signal
generated by the oscillator;

a second transmission module converting the sensing
value encoded by the encoder into a transmission
packet and transmitting the transmission packet to the
timing controller through the embedded point-to-point
interface;

a counter counting the clock signal generated from the
oscillator and outputting a control signal when a
counted value reaches a predetermined value; and

a second transmission/reception selector disabling the
second reception module and enabling the second
transmission module according to the control signal
restored by the control data processing unit, and dis-
abling the second transmission module and enabling
the second reception module according to the control
signal of the counter.

5. The organic light emitting display device according to

claim 4, wherein each of the data driving ICs comprises:
an image data processing unit processing the image data
restored by the clock data recovery unit;

a latch unit latching the image data processed by the
image data processing unit;

a control data processing unit processing the control data
restored by the clock data recovery unit, and supplying
the control data to the counter and the oscillator;

a digital/analog converter converting the latched image
data into an analog image signal according to the
control signal processed by the control data processing
unit; and

an output unit supplying the analog image signal to each
data line of the display panel.

6. The organic light emitting display device according to

claim 5, wherein each of the data driving ICs comprises:

a sampling unit sampling the sensing value sensed from
the display panel; and

an analog/digital converter converting the sensing value
sampled by the sampling unit into a digital sensing
value, and supplying the digital sensing value to the
encoder.

7. The organic light emitting display device according to

claim 3, further comprising:

an auxiliary signal line transferring the control signal
from the transmission/reception timing control unit to
each of the data driving ICs,
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wherein each of the data driving ICs comprise;

a second reception module receiving video/control data
signals from the timing controller through the embed-
ded point-to-point interface;

a clock data recovery unit restoring video data, control
data, and a clock signal from the video/control data
signal received through the second reception module;

an oscillator generating the clock signal in accordance
with the control signal restored by the clock data
recovery unit;

an encoder encoding a sensing value sensed from the
display panel in synchronization with the clock signal
generated by the oscillator;

a second transmission module converting the sensing
value encoded by the encoder into a transmission
packet and transmitting the transmission packet to the
first reception module of the timing controller through
the embedded point-to-point interface;

a second transmission/reception selector receiving the
control signal from the transmission/reception timing
controller through the auxiliary signal line, and
enabling one of the second reception module and the
second transmission module and disabling the other of
non-enabled module according to the control signal
from the transmission/reception timing controller.

8. The organic light emitting display device according to

claim 7, wherein each of the data driving ICs comprises:
an image data processing unit processing the image data
restored by the clock data recovery unit;

a latch unit latching the image data processed by the
image data processing unit;

a control data processing unit processing the control data
restored by the clock data recovery unit, and supplying
the processed control data to the oscillator;

a digital/analog converter converting the latched image
data into an analog image signal according to the
control signal processed by the control data processing
unit; and

an output unit supplying the analog image signal con-
verted by the digital/analog converter to each of the
data lines of the display panel.

9. The organic light emitting display device according to

claim 8, wherein each of the data driving ICs comprises;

a sampling unit sampling the sensing value sensed from
the display panel; and

an analog/digital converter converting the sampled sens-
ing value into a digital sensing value, and supplying the
digital sensing value to the encoder.

10. The organic light emitting display device according to
claim 1, wherein the timing controller and each of the data
driving ICs communicate with each other via the embedded
point-to-point interface under the Manchester coding
scheme.

11. An organic light emitting display device, comprising:

a display panel having a plurality of pixels, gate lines and
data lines;

a timing controller outputting a video/control data signal;

a gate driver driving the gate lines;

a data driver driving the data lines and outputting a
sensing value of the pixels to compensate for the
video/control data signal; and

an embedded point-to-point interface connected between
the timing controller and the data driver, wherein both
of the video/control data signal and the sensing value
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are respectively transmitted to the data driver and the
timing controller through the embedded point-to-point
interface.

12. The organic emitting display device according to
claim 11, wherein the data driver comprises a plurality of
data driving ICs.

13. The organic emitting display device according to
claim 12, wherein the data driving ICs have an oscillator
generating a clock signal to transmit the sensing value to the
timing controller.

14. The organic emitting display device according to
claim 13, further comprising a counter counting the clock
signal generated from the oscillator and outputting a control
signal when a counted value reaches a predetermined value.

15. The organic light emitting display device according to
claim 11, wherein the timing controller comprises:

a first transmission module transmitting the video/control
data signal to the data driver through the embedded
point-to-point interface;

a first reception module receiving the sensing value from
the data driver through the embedded point-to-point
interface;

a first transmission/reception selector enabling one of the
first transmission module and the first reception mod-
ule, and disabling the other of non-enabled module; and

a transmission/reception timing controller controlling the
first transmission/reception selector.

16. The organic light emitting display device according to
claim 15, further comprising an auxiliary signal line to
transfer the control data signal to the data driver.

17. The organic light emitting display device according to
claim 16, wherein the data driver comprises:

a second reception module for receiving the video/control
data signal from the timing controller through the
embedded point-to-point interface;

a clock data recovery unit restoring video data, control
data, and a clock signal from the video/control data
signal received through the second reception module;

an oscillator generating the clock signal in accordance
with the control signal restored by the clock data
recovery unit;

an encoder encoding a sensing value sensed from the
display panel in synchronization with the clock signal
generated by the oscillator;

a second transmission module for converting the sensing
value encoded by the encoder into a transmission
packet and transmitting the transmission packet to the
first reception module of the timing controller through
the embedded point-to-point interface; and

a second transmission/reception selector receiving the
control signal from the transmission/reception timing
controller through the auxiliary signal line, and
enabling one of the second reception module and the
second transmission module and disabling the other of
non-enabled module according to the control signal
from the transmission/reception timing controller.

18. The organic light emitting display device according to

claim 17, wherein the data driver comprises:

an image data processing unit processing the image data
restored by the clock data recovery unit;

a latch unit latching the image data processed by the
image data processing unit;
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a control data processing unit processing the control data
restored by the clock data recovery unit, and supplying
the processed control data to the oscillator;

a digital/analog converter converting the latched image
data into an analog image signal according to the
control signal processed by the control data processing
unit; and

an output unit supplying the analog image signal con-
verted by the digital/analog converter to each of the
data lines of the display panel.

19. The organic light emitting display device according to

claim 18, wherein the data driver comprises:

a sampling unit sampling the sensing value sensed from
the display panel; and

an analog/digital converter converting the sampled sens-
ing value into a digital sensing value, and supplying the
digital sensing value to the encoder.

20. The organic light emitting display device according to
claim 11, wherein the timing controller and the each of the
data driving ICs communicate with each other through the
embedded point-to-point interface under the Manchester
coding scheme.
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