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(57) ABSTRACT

A display device includes a switching circuit; a sub-pixel
having a driving transistor and an organic light emitting
diode (OLED) with an anode connected to the driving
transistor; a driving voltage supply line to supply a driving
voltage to the OLED through the driving transistor; a base
voltage supply line connected to a cathode of the OLED
through the switching circuit; a ground line to supply a
ground voltage to the switching circuit; a first capacitor
between the driving voltage supply line and the ground line;
and a second capacitor between the base voltage supply line
and the ground line. The switching circuit selectively sup-
plies one of a first level voltage and a second level voltage
as the base voltage, and the second level voltage is higher
than the first level voltage at the ground voltage.
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DISPLAY DEVICE AND PRINTED CIRCUIT
BOARD FOR SUPPLYING VOLTAGE TO
THE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application No.
2015-0171022, filed on Dec. 2, 2015, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND
[0002] Field of the Invention
[0003] Embodiments of the present invention relate to a

display device, and a printed circuit board for supplying a
driving voltage and a base voltage to the display device.
[0004] Description of the Related Art

[0005] An organic light emitting display device, which has
recently attracted attention, uses a self-emitting organic light
emitting diode (OLED). Such an organic light emitting
display device therefore has advantages including a high
response speed and increased contrast ratio, light emitting
efficiency, brightness, and viewing angle, as compared to
other display device technologies.

[0006] Each sub-pixel disposed in the organic light emit-
ting display device typically includes a driving transistor
configured to drive an OLED, a switching transistor con-
figured to transfer a data voltage to a gate node of the driving
transistor, and a capacitor configured to maintain a certain
voltage for one frame time.

[0007] The driving transistor within each sub-pixel typi-
cally has characteristics such as a threshold voltage, mobil-
ity, etc. Such characteristics may vary by sub-pixel.

[0008] Further, as a driving time is increased, the driving
transistor may degrade and its characteristics may change. A
difference in degradation between sub-pixels may therefore
cause variations in characteristics between sub-pixels.

[0009] The variations in characteristics between sub-pix-
els may cause a brightness variation and thus brightness
unevenness of the organic light emitting display device.
Accordingly, a technology for measuring characteristics of
each sub-pixel and compensating therefor has been devel-
oped.

[0010] Meanwhile, the measurement or compensation for
characteristics of a sub-pixel should be performed without
being recognized by a user. For example, if the OLED emits
a light in response to a voltage supplied to the driving
transistor for measuring the characteristics, an image irrel-
evant to image data may be displayed on a pixel, and the
pixel may be recognized as an error by the user.

[0011] In order for the OLED not to emit a light during the
measurement of characteristics, the display device may
supply a higher voltage as a base voltage than the voltage
supplied when the OLED is driven. For example, typically,
when the OLED is driven, the display device may supply a
ground voltage as a base voltage. However, during the
measurement of characteristics, the display device may
supply a higher voltage as a base voltage. Thus, it is possible
to suppress light emission of the OLED during the mea-
surement of characteristics.

Jun. 8, 2017

[0012] However, when a voltage different from the ground
voltage is supplied as a base voltage, switching noise from
the power supply may influence measurement of the char-
acteristics.

[0013] Generally, a switched mode power supplier
(SMPS) is used to generate direct-current (DC) power. ADC
voltage generated in the SMPS may undesirably include a
switching noise, which is also referred to as a ripple noise.
The switching noise may be inevitably generated according
to a driving method of the SMPS.

[0014] This switching noise can influence the measure-
ment of characteristics of the display device. For example,
there may be a parasitic capacitance between a line for
supplying a base voltage to the OLED and a line for
measuring characteristics. The above-described switching
noise may be propagated from the line for supplying the base
voltage to the line for measuring characteristics through this
parasitic capacitance, and thus influence measurement of the
characteristics.

SUMMARY

[0015] In view of the foregoing, an object of the present
invention is to provide a technology for reducing an influ-
ence of noise included in a voltage supplied to a panel during
the measurement of characteristics.

[0016] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of embodiments of the present
invention, as embodied and broadly described, a display
device comprises a switching circuit; a sub-pixel including
a driving transistor and an organic light emitting diode
(OLED) having an anode and a cathode, the anode con-
nected to the driving transistor; a driving voltage supply line
configured to supply a driving voltage to the OLED through
the driving transistor; a base voltage supply line connected
to the cathode of the OLED, the switching circuit configured
to supply a base voltage to the cathode of the OLED through
the base voltage supply line; a ground line configured to
supply a ground voltage to the switching circuit; a first
capacitor connected between the driving voltage supply line
and the ground line; and a second capacitor connected
between the base voltage supply line and the ground line,
wherein the switching circuit is configured to selectively
supply one of a first level voltage and a second level voltage
as the base voltage, wherein the second level voltage is
higher than the first level voltage, and the first level voltage
is the ground voltage, wherein when the first level voltage is
supplied as the base voltage, the switching circuit connects
the base voltage supply line to the ground line, and wherein
when the second level voltage is supplied as the base
voltage, the switching circuit supplies the second level
voltage to the base voltage supply line.

[0018] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.



US 2017/0162119 Al

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0020] FIG. 1 is a schematic system configuration view of
a display device to which an example embodiment can be
applied,

[0021] FIG. 2 is an example diagram of a pixel region
circuit and a peripheral circuit for measuring characteristics
of a pixel region of an organic light emitting display device
to which an example embodiment can be applied,

[0022] FIG. 3 is a diagram illustrating a configuration
view of a related art printed circuit board for supplying a
driving voltage and a base voltage to a pixel region circuit
and a pixel region of an organic light emitting display
device;

[0023] FIG. 4 is a diagram illustrating a switching noise
propagation path when a first level voltage is supplied as the
base voltage in FIG. 3;

[0024] FIG. 5 is a diagram illustrating a switching noise
propagation path when a second level voltage is supplied as
the base voltage in FIG. 3;

[0025] FIG. 6 is a configuration view of a pixel region
circuit and a printed circuit board of an organic light
emitting display device according to an example embodi-
ment;

[0026] FIG. 7 is a diagram illustrating a switching noise
propagation path when a first level voltage is supplied as a
base voltage in FIG. 6;

[0027] FIG. 8 is a diagram illustrating a switching noise
propagation path when a second level voltage is supplied as
a base voltage in FIG. 6;

[0028] FIG. 9 is a diagram illustrating an example
embodiment where a third capacitor is further added to the
printed circuit board of FIG. 6;

[0029] FIG. 10 is a diagram illustrating an example
embodiment where a printed circuit board is further added to
FIG. 9,

[0030] FIG. 11 is a diagram illustrating an example
embodiment where a ground pattern is separated from a
logic voltage in FIG. 10; and

[0031] FIG. 12 is a diagram illustrating an example
embodiment where a bead is further included in a ground
line of FIG. 11.

DETAILED DESCRIPTION

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

[0033] In adding reference numerals to components
throughout the drawings, it is to be noted that like reference
numerals designate like components even though compo-
nents are shown in different drawings. Further, in explaining
the example embodiments of the present invention, a
detailed explanation of well-known components or func-
tions may be omitted to avoid unnecessarily obscuring the
subject matter of the present invention.

[0034] Further, in describing components of the present
invention, terms such as first, second, A, B, (a), (b), etc., can
be used. These terms are used only to differentiate the
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components from other components. Therefore, the nature,
order, sequence, etc., of the corresponding components are
not limited by these terms. It is to be understood that when
one element is referred to as being “connected to” or
“coupled to” another element, it may be connected directly
to or coupled directly to another element or be connected to
or coupled to another element, having still another element
intervening therebetween. In the same context, it is to be
understood that when one element is referred to as being
“on” or “below” another element, it may be directly coupled
“on” or “below” another element or be connected “on” or
“below” another element or may be indirectly coupled “on”
or “below” another element or be connected “on” or
“below” another element, having still another element inter-
vening therebetween.

[0035] FIG. 1 is a schematic system configuration view of
a display device to which an example embodiment can be
applied.

[0036] The display device to which an example embodi-
ment can be applied may be a liquid crystal display device,
an organic light emitting display device, or another display
device. An example embodiment to be described below can
be applied to a display device which measures pixel uneven-
ness or pixel degradation occurring in a panel and in which
a voltage supplied to the panel includes a switching noise.
Hereinafter, the display device will be described as an
organic light emitting display device for convenience in
understanding.

[0037] With reference to FIG. 1, an organic light emitting
display device 100 includes an organic light emitting display
panel 110, a data driver 120, a gate driver 130, a timing
controller 140, and a power management integrated circuit
150. In the organic light emitting display panel 110, a
plurality of data lines DL is disposed in a first direction, and
a plurality of gate lines GL is disposed in a second direction
intersecting with the first direction.

[0038] Further, in the organic light emitting display panel
110, a plurality of sub-pixels SP is disposed in a matrix
pattern. Further, in each sub-pixel SP, circuit elements such
as a transistor and a capacitor are formed. For example, in
each sub-pixel of the organic light emitting display panel
110, a circuit including an organic light emitting diode
(OLED), two or more transistors, and one or more capacitors
is formed.

[0039] The data driver 120 is configured to drive the
plurality of data lines DL by supplying a data voltage to the
plurality of data lines DL.

[0040] The gate driver 130 is configured to sequentially
drive the plurality of gate lines GL by supplying a scan
signal to the plurality of gate lines GL.

[0041] The timing controller 140 is configured to control
the data driver 120 and the gate driver 130 by supplying a
control signal to the data driver 120 and the gate driver 130.

[0042] The timing controller 140 starts a scan according to
timing implemented in each frame, converts image data
input from a host system 160 in correspondence to a data
signal form used by the data driver 120, outputs the con-
verted image data, and controls a driving of data at a proper
time according to the scan.

[0043] The gate driver 130 sequentially drives the plural-
ity of gate lines GL by supplying a scan signal of ON voltage
or OFF voltage to the plurality of gate lines GL according to
the control of the timing controller 140.
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[0044] The gate driver 130 may be positioned on only one
side of the organic light emitting display panel 110, as
illustrated in FIG. 1, or on both sides thereof, depending on
a driving method. Further, the gate driver 130 may include
one or more gate driver integrated circuits (GDIC) GDIC #1,
..., GDIC #N, (N is a natural number of 1 or more).
[0045] Further, the one or more gate driver integrated
circuits GDIC #1, . .., GDIC #N included in the gate driver
130 may be connected to a bonding pad of the organic light
emitting display panel 110 through a Tape Automated Bond-
ing (TAB) method or a Chip On Glass (COG) method, or
implemented in a Gate In Panel (GIP) type and directly
disposed in the organic light emitting display panel 110, or
integrated and disposed in the organic light emitting display
panel 100.

[0046] Each of the one or more gate driver integrated
circuits GDIC #1, . . ., GDIC #N included in the gate driver
130 may include a shift register and a level shifter.

[0047] When a specific gate line is opened, the data driver
120 converts image data Data' received from the timing
controller 140 into a data voltage of an analog form, and
supplies the data voltage to the data lines to drive the
plurality of data lines DL.

[0048] The data driver 120 may include one or more
source driver integrated circuits (SDIC, also referred to as
data driver I1Cs) SDIC #1, . . . , SDIC #M (M is a natural
number of 1 or more). The one or more source driver
integrated circuits SDIC #1, . . ., SDIC #M included in the
data driver 120 may be connected to a bonding pad of the
organic light emitting display panel 110 through a Tape
Automated Bonding (TAB) method or a Chip On Glass
(COG) method, or directly disposed in the organic light
emitting display panel 110, or integrated and disposed in the
organic light emitting display panel 100.

[0049] Each of the one or more source driver integrated
circuits SDIC #1, . . ., SDIC #M included in the data driver
120 may include a shift register. a latch, a digital to analog
converter (DAC), and an output buffer, and may further
include an analog to digital converter (ADC) configured to
sense an analog voltage value, convert the analog voltage
value to a digital value, and generate and output sensing data
for compensation of a sub-pixel.

[0050] Further, each of the one or more source driver
integrated circuits SDIC #1, . . ., SDIC #M included in the
data driver 120 may be implemented in a Chip On Film
(COF) type. In each of the one or more source driver
integrated circuits SDIC #1, . . ., SDIC #M, one end is
bonded to at least one source printed circuit board and the
other end is bonded to the organic light emitting display
panel 110.

[0051] Meanwhile, the timing controller 140 receives
image data DATA of an input image together with various
timing signals, such as a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a data
enable (DE) signal, a clock signal CLK, etc., from the
external host system 160.

[0052] The timing controller 140 converts the image data
DATA input from the host system 160 in correspondence to
a data signal form used by the data driver 120 and outputs
the converted image data Data'. Further, the timing control-
ler 140 receives the timing signals, such as the vertical
synchronization signal Vsyne, horizontal synchronization
signal Hsync, data enable (DE) signal, clock signal CLK,
etc., generates various control signals, and outputs the
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control signals to the data driver 120 and the gate driver 130
in order to control the data driver 120 and the gate driver
130.

[0053] For example, the timing controller 140 outputs
various gate control signals (GCS) including a gate start
pulse (GSP), a gate shift clock (GSC), a gate output enable
(GOE) signal, etc., in order to control the gate driver 130.
The gate start pulse (GSP) controls an operation start timing
of the one or more gate driver integrated circuits GDIC #1,
..., GDIC #N included in the gate driver 130. The gate shift
clock (GSC) is a clock signal commonly input to the one or
more gate driver integrated circuits GDIC #1, . . ., GDIC
#N, and controls a shift timing of a scan signal (gate pulse).
The gate output enable (GOE) signal designates timing
information of the one or more gate driver integrated circuits
GDIC #1, . . ., GDIC #N.

[0054] The timing controller 140 outputs various data
control signals (DCS) including a source start pulse (SSP),
a source sampling clock (SSC), a source output enable
(SOE) signal, etc., in order to control the data driver 120.
The source start pulse (SSP) controls a data sampling start
timing of the one or more source driver integrated circuits
SDIC #1, . . ., SDIC #M constituting the data driver 120.
The source sampling clock (SSC) is a clock signal for
controlling a data sampling timing in each of the one or more
source driver integrated circuits SDIC #1, . . ., SDIC #M.
The source output enable (SOE) signal controls an output
timing of the data driver 120.

[0055] With reference to FIG. 1, the timing controller 140
may be disposed in the source printed circuit board to which
the source driver integrated circuits SDIC #1, . . ., SDIC #M
are bonded and connected to a control printed circuit board
through a flexible flat cable (FFC) or a flexible printed
circuit (FPC).

[0056] The power management integrated circuit (PMIC)
150 may be disposed in the control printed circuit board.
This power management integrated circuit 150 may be
configured to supply various voltages and/or currents to the
organic light emitting display panel 110, the data driver 120,
and the gate driver 130, or may control various voltages
and/or currents to be supplied thereto.

[0057] For example, the power management integrated
circuit 150 may generate a gate high voltage (VGH) and a
gate low voltage (VGL) for driving a gate. Further, the
power management integrated circuit 150 may generate a
logic voltage VCC for driving digital logic circuits.

[0058] Also, the power management integrated circuit 150
may supply a base voltage EVSS to a cathode of the organic
light emitting diode OLED positioned in a sub-pixel, in
order to drive the organic light emitting diode OLED.

[0059] The power management integrated circuit 150 may
change a status of an output voltage using a power control
signal (PCS) received from the timing controller 140. For
example, the power management integrated circuit 150 may
stop generation or output of some voltages in response to a
sleep mode instruction received from the timing controller
140. As a more specific example, the power management
integrated circuit 150 may stop generation or output of a
driving voltage (EVDD) of the organic light emitting diode
OLED in response to the sleep mode instruction. In this case,
the driving voltage EVDD is not supplied to the pixels in the
organic light emitting display panel 110, and a screen is kept
in an OFF state.
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[0060] While characteristics of a driving transistor DRT
are measured, the organic light emitting display device 100
may set a high voltage to be supplied to the cathode of the
organic light emitting diode OLED in order for the organic
light emitting diode OLED not to emit light.

[0061] FIG. 2 is an example diagram of a pixel region
circuit and a peripheral circuit for measuring characteristics
of a pixel region of an organic light emitting display device
to which an example embodiment can be applied.

[0062] With reference to FIG. 2, in each pixel region of the
organic light emitting display device 100, the organic light
emitting diode OLED and a driving sensing circuit of the
organic light emitting diode OLED are disposed.

[0063] The driving sensing circuit may include three tran-
sistors (a driving transistor DRT, a switching transistor SWT,
and a sensing transistor SENT) and one capacitor (a storage
capacitor Cstg). As such, a sub-pixel including the three
transistors DRT, SWT, and SENT and the one capacitor Cstg
may be referred to as having a “3T1C structure”.

[0064] The organic light emitting diode OLED includes an
anode, an organic layer, and a cathode. The anode may be
electrically connected to a source node or a drain node of the
driving transistor DRT, and the cathode may be supplied
with the base voltage EVSS through a base voltage line
EVSL.

[0065] The driving transistor DRT is configured to drive
the organic light emitting diode OLED by supplying a
driving current to the organic light emitting diode OLED.
[0066] The driving transistor DRT includes a first node
(N1 node) corresponding to a source node or drain node, a
second node (N2 node) corresponding to a gate node, and a
third node (N3 node) corresponding to the other of a drain
node or source node.

[0067] In the driving transistor DRT, the N1 node may be
electrically connected to the anode of the organic light
emitting diode OLED, and the N3 node may be electrically
connected to a driving voltage line DVL for supplying the
driving voltage EVDD.

[0068] The switching transistor SWT is configured to
transfer a data voltage Vdata to the N2 node corresponding
to the gate node of the driving transistor DRT.

[0069] The switching transistor SWT is controlled by a
scan signal SCAN applied to the gate node and electrically
connected between the N2 node of the driving transistor
DRT and the data line DL.

[0070] With reference to FIG. 2, the storage capacitor Cstg
may be electrically connected between the N1 node and the
N2 node of the driving transistor DRT.

[0071] The storage capacitor Cstg is configured to main-
tain a certain voltage for one frame time.

[0072] The sensing transistor SENT is controlled by a
sense signal SENSE, which is a kind of scan signal applied
to its gate node, and is electrically connected between a
sensing line (reference voltage line) RVL and the N1 node
of the driving transistor DRT. The sensing line RVL is also
referred to as a reference voltage line, since a reference
voltage (Vref) is supplied when the organic light emitting
diode OLED is driven, but will simply be referred to as the
sensing line RVL in the following description.

[0073] When the sensing transistor SENT is turned on, the
sensing transistor SENT may apply the reference voltage
Vref, supplied through the sensing line RVL, to the N1 node
(e.g., the source node or the drain node) of the driving
transistor DRT.

Jun. 8, 2017

[0074] Further, the sensing transistor SENT enables a
voltage of the N1 node of the driving transistor DRT to be
sensed by the analog to digital converter ADC electrically
connected to the sensing line RVL. This function of the
sensing transistor SENT is related to a function of compen-
sating for characteristics (e.g.. threshold voltage and mobil-
ity) of the driving transistor DRT.

[0075] In this regard, if there is a variation in the charac-
teristics (threshold voltage and mobility) between the driv-
ing transistors DRT in each pixel region, there may be a
brightness variation which may cause deterioration in image
quality.

[0076] Accordingly, by sensing the characteristics (thresh-
old voltage and mobility) of the driving transistor DRT in
each pixel region and compensating for the characteristics
(threshold voltage and mobility) between the driving tran-
sistors DRT, uniformity of brightness (evenness) can be
improved.

[0077] The organic light emitting display device 100 may
further include the analog to digital converter ADC config-
ured to sense a voltage (Vsense) of the sensing line RVL.
The organic light emitting display device 100 may convert
the sensed voltage Vsense into a digital value to generate
sensing data, and transmit the generated sensing data to the
timing controller 140.

[0078] With the analog to digital converter ADC, the
timing controller 140 can calculate a digital-based compen-
sation value and compensate for data.

[0079] The analog to digital converter ADC may be
included in each source driver integrated circuit SDIC,
together with the digital to analog converter DAC config-
ured to convert image data into a data voltage Vdata.

[0080] The organic light emitting display device 100 may
include switches such as a first switch SAM and a second
switch SREF. The first switch SAM may connect the sensing
line RVL and the analog to digital converter ADC in
response to a sampling signal. Further, the second switch
SREF may input the reference voltage Vref to the sensing
line RVL.

[0081] The cathode of the organic light emitting diode
OLED may be electrically connected to a switching circuit
SWC through a base voltage line EVSL. Through this
connection, the switching circuit SWC may supply a first
level voltage EVSS1 and a second level voltage EVSS2 to
the cathode of the organic light emitting diode OLED.

[0082] The switching circuit SWC may receive a control
signal CTR indicating an operation mode and determine
whether to output the first level voltage EVSS1 or the second
level voltage EVSS2 to the cathode of the organic light
emitting diode OLED in response to the control signal CTR.
For example, the control signal CTR may be an OFFRS
signal, which is a signal generated when the organic light
emitting display device 100 is turned off. In response to the
OFFRS signal, the organic light emitting display device 100
may perform operations (e.g., an operation of measuring a
threshold voltage of the driving transistor DRT) that require
a rather long time.

[0083] When the organic light emitting display device 100
supplies the second level voltage EVSS2 to the cathode of
the organic light emitting diode OLED during measurement
of characteristics, switching noise from the power supply
may be propagated to the sensing line RVL, and thus may
influence the measurement of characteristics.
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[0084] FIG. 3 through FIG. 5 are diagrams each illustrat-
ing a switching noise propagation path according to related
art.

[0085] FIG. 3 is a diagram illustrating a configuration
view of a related art printed circuit board for supplying a
driving voltage and a base voltage to a pixel region circuit
and a pixel region of an organic light emitting display
device.

[0086] With reference to FIG. 3, lines disposed in a pixel
region of the organic light emitting display device 100 are
capacitively coupled, and there may be a parasitic capaci-
tance between the lines.

[0087] For example, a first parasitic capacitance Cpl may
be formed between the base voltage line EVSL and the
sensing line RVL, a second parasitic capacitance Cp2 may
be formed between the driving voltage line DVL and the
sensing line RVL, and a third parasitic capacitance Cp3 may
be formed between the data line DL and the sensing line
RVL.

[0088] A related art printed circuit board 300 may propa-
gate a switching noise to the sensing line RVL through the
parasitic capacitances while supplying the base voltage
EVSS.

[0089] The related art printed circuit board 300 includes a
driving voltage supply line VDL for transferring the driving
voltage EVDD, which is suppled from a switched mode
power supplier SMPS to a pixel region. The related art
printed circuit board 300 also includes a base voltage supply
line VSL connected to the base voltage line EVSL and
supplying the base voltage EVSS. Further, a ground line
VGL connected to a ground pattern defining the first level
voltage EV is included in the related art printed circuit board
300.

[0090] Further, the related art printed circuit board 300
includes the switching circuit SWC, and selectively outputs
one of the first level voltage EVSS1 and the second level
voltage EVSS2 to the base voltage supply line VSL using the
switching circuit SWC. The switching circuit SWC includes
a first switch SWL and a second switch SWH. When the first
switch SWL is turned on, the first level voltage EVSSI is
supplied to the base voltage supply line VSL, and when the
second switch SWH is turned on, the second level voltage
EVSS2 is supplied to the base voltage supply line VSL.
[0091] Further, in the related art printed circuit board 300,
capacitors are disposed between the voltage supply lines
VDL, VSL, and VGL to stabilize voltages suppled to a pixel
region. In the related art printed circuit board 300, a first
stabilization capacitor Cds is disposed between the driving
voltage supply line VDL and the base voltage supply line
VSL, and a second stabilization capacitor Csg is disposed
between the base voltage supply line VSL and the ground
line VGL. The first stabilization capacitor Cds stably sup-
plies the driving voltage EVDD by reducing the switching
noise when the first level voltage EVSSI1 is supplied as the
base voltage EVSS.

[0092] FIG. 4 is a diagram illustrating a switching noise
propagation path when a first level voltage is supplied as the
base voltage in FIG. 3.

[0093] With reference to FIG. 4, when the first level
voltage EVSS1 is supplied as the base voltage EVSS, the
first switch SWL is turned on and the second switch SWH
is turned off in the switching circuit SWC. Accordingly, the
base voltage supply line VSL is connected to the ground line
VGL.
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[0094] The driving voltage EVDD is generated in the
switched mode power supplier SMPS. Because the switched
mode power supplier SMPS generates a voltage by chopping
power with a power switch, the generated voltage may
inevitably include switching noise. Accordingly, the driving
voltage EVDD includes switching noise.

[0095] The switching noise included in the driving voltage
EVDD is mainly formed of high-frequency components
which can be easily propagated through a capacitor.
[0096] With reference to FIG. 4, the switching noise
included in the driving voltage EVDD is propagated along
the driving voltage supply line VDL and then propagated to
the base voltage supply line VSL through the first stabili-
zation capacitor Cds positioned between the driving voltage
supply line VDL and the base voltage supply line VSL. The
first stabilization capacitor Cds stably supplies the driving
voltage EVDD by reducing the switching noise when the
first level voltage EVSSI is supplied as the base voltage
EVSS.

[0097] When the first level voltage EVSSI1 is supplied as
the base voltage EVSS, the base voltage supply line VSL
and the ground line VGL are connected by the switching
circuit SWC. Therefore, most of the switching noise propa-
gated to the base voltage supply line VSL flows out to the
ground line VGL.

[0098] Some of the switching noise may also be propa-
gated to the sensing line RVL through another path. How-
ever, typically, a ground pattern is widely formed and has a
low impedance. Thus, most of the switching noise connected
to the ground pattern flows out to the ground pattern.
[0099] FIG. 5 is a diagram illustrating a switching noise
propagation path when a second level voltage is supplied as
the base voltage in FIG. 3.

[0100] With reference to FIG. 5, when the second level
voltage EVSS2 is supplied as the base voltage EVSS, the
first switch SWL is turned off and the second switch SWH
is turned on in the switching circuit SWC. Accordingly, the
second level voltage EVSS2 is supplied to the base voltage
supply line VSL.

[0101] With reference to a propagation path of the switch-
ing noise included in the driving voltage EVDD, the switch-
ing noise included in the driving voltage EVDD is propa-
gated along the driving voltage supply line VDL and then
propagated to the base voltage supply line VSL through the
first stabilization capacitor Cds positioned between the driv-
ing voltage supply line

[0102] VDL and the base voltage supply line VSL. The
first stabilization capacitor Cds stably supplies the driving
voltage EVDD by reducing the switching noise when the
first level voltage EVSS1 is supplied as the base voltage
EVSS.

[0103] Thus, though some of the switching noise propa-
gated to the base voltage supply line VSL may flow out to
the ground line VGL through the second stabilization
capacitor Csg, the rest of the switching noise may be
propagated to the sensing line RVL through the first parasitic
capacitance Cpl formed between the base voltage line
EVSL and the sensing line RVL.

[0104] When the second level voltage EVSS2 is supplied
as the base voltage EVSS, the organic light emitting display
device 100 senses characteristics of a pixel region through
the sensing line RVL. However, in the related art, during
measurement of characteristics, the switching noise may be
propagated to the sensing line RVL.



US 2017/0162119 Al

[0105] FIG. 6 is a configuration view of a pixel region
circuit and a printed circuit board of an organic light
emitting display device according to an example embodi-
ment.

[0106] With reference to FIG. 6, a printed circuit board
600 may include the driving voltage supply line VDL for
transferring the driving voltage EVDD suppled from the
switched mode power supplier SMPS to a panel, as well as
the base voltage supply line VSL connected to the base
voltage line EVSL and the ground line VGL supplied with
the first level voltage EVSSI.

[0107] Further, the printed circuit board 600 may include
the switching circuit SWC configured to selectively output
one of the first level voltage EVSS1 and the second level
voltage EVSS2 to the base voltage supply line VSL. The
switching circuit SWC includes the first switch SWL and the
second switch SWH. When the first switch SWL is turned
on, the first level voltage EVSS1 is supplied to the base
voltage supply line VSL, and when the second switch SWH
is turned on, the second level voltage EVSS2 is supplied to
the base voltage supply line VSL.

[0108] In the printed circuit board 600, capacitors are
disposed between the voltage supply lines VDL, VSL, and
VGL, to stabilize voltages suppled to a pixel region.
[0109] Forexample, a first capacitor C1, of which one side
is connected to the driving voltage supply line VDL and the
other side is connected to the ground line VGL, is disposed
in the printed circuit board 600. Further, a second capacitor
C2, of which one side is connected to the base voltage
supply line VSL and the other side is connected to the
ground line VGL, is disposed in the printed circuit board
600. The first capacitor C1 stably supplies the driving
voltage EVDD by reducing the switching noise in the
driving voltage EVDD as the first stabilization capacitor Cds
does in the related arts when the first level voltage EVSS1
is supplied as the base voltage EVSS and makes the switch-
ing noise in the driving voltage EVDD flow out through the
ground line VGL and an influence of the switching noise on
the sensing line RVL be reduced when the second level
voltage EVSS2 is supplied as the base voltage EVSS.
[0110] FIG. 7 is a diagram illustrating a switching noise
propagation path when a first level voltage is supplied as a
base voltage in FIG. 6, and FIG. 8 is a diagram illustrating
a switching noise propagation path when a second level
voltage is supplied as a base voltage in FIG. 6.

[0111] With reference to FIG. 7 and FIG. 8, it can be seen
that both in cases where the switching circuit SWC turns on
the first switch SWL (FIG. 7) and where the switching
circuit SWC turns on the second switch SWH (FIG. 8), the
switching noise included in the driving voltage EVDD flows
out through the ground line VGL.

[0112] In the printed circuit board 600 according to an
example embodiment, a capacitor for capacitive coupling is
not disposed between the driving voltage supply line VDL
and the base voltage supply line VSL, and, thus, the switch-
ing noise introduced through the driving voltage supply line
VDL is not propagated to the base voltage supply line VSL.
[0113] Accordingly, in the printed circuit board 600
according to an example embodiment, an influence of the
switching noise included in the driving voltage EVDD on
the sensing line RVL is reduced.

[0114] FIG. 9is a diagram illustrating an example embodi-
ment where a third capacitor is further added to the printed
circuit board of FIG. 6.
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[0115] With reference to FIG. 9, in a printed circuit board
900, a second level voltage supply line V2L for transferting
the second level voltage EVSS2 to the base voltage supply
line VSL may be further disposed.

[0116] The switching circuit SWC selectively connects
one of the second level voltage supply line V2L and the
ground line VGL to the base voltage supply line VSL, and
thus supplies the first level voltage EVSS1 or the second
level voltage EVSS2 to the base voltage supply line VSL.
[0117] The second level voltage EVSS2 may be supplied
from the switched mode power supplier SMPS, and thus
may include switching noise.

[0118] The switching noise included in the second level
voltage EVSS2 may flow out to the ground line VGL
through the second capacitor C2 positioned between the
base voltage supply line VSL and the ground line VGL.
Also, in order to further remove the switching noise, the
printed circuit board 900 may further include a third capaci-
tor C3 positioned between the second level voltage supply
line V2L and the ground line VGL.

[0119] With reference to FIG. 9, the printed circuit board
900 further includes the third capacitor C3 of which one side
is connected to the second level voltage supply line V2L and
the other side is connected to the ground line VGL. The
switching noise included in the second level voltage EVSS2
can be easily removed to the ground line VGL through the
third capacitor C3.

[0120] Meanwhile, there may not be only one printed
circuit board, but instead may be two or more printed circuit
boards.

[0121] FIG. 10 is a diagram illustrating an example
embodiment where another printed circuit board is further
added to the example embodiment of FIG. 9.

[0122] With reference to FIG. 10, the organic light emit-
ting display device 100 may include a first printed circuit
board 1010 and a second printed circuit board 1020. The first
printed circuit board 1010 may have the same configuration
as the printed circuit board 900 illustrated with reference to
FIG. 9.

[0123] Examples of the source printed circuit board and
the control printed circuit board have been described with
reference to FIG. 1. In FIG. 10, the first printed circuit board
1010 may correspond to the control printed circuit board,
and the second printed circuit board 1020 may correspond to
the source printed circuit board.

[0124] The first printed circuit board 1010 and the second
printed circuit board 1020 may be disposed to be separated
(e.g., physically separated) from each other.

[0125] The driving voltage supply line VDL, the base
voltage supply line VSL, and the ground line VGL may be
disposed over the first printed circuit board 1010 and the
second printed circuit board 1020.

[0126] Further, the first capacitor C1 and the second
capacitor C2 may be positioned on the first printed circuit
board 1010. A fourth capacitor C4 (connected between the
driving voltage supply line VDL and the ground line VGL)
and a fifth capacitor C5 (connected between the base voltage
supply line VSL and the ground line VGL) may be posi-
tioned on the second printed circuit board 1020.

[0127] If two or more printed circuit boards are disposed
to be separated from each other in the organic light emitting
display device 100, capacitors may be disposed in the
respective printed circuit boards in the same manner as in the
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example embodiment described with reference to FIG. 10.
Thus, it is possible to stabilize voltages and also possible to
block noise.

[0128] FIG. 11 is a diagram illustrating an example
embodiment where a ground pattern is separated from a
logic voltage in FIG. 10.

[0129] With reference to FIG. 11, the ground line VGL is
connected to a ground pattern GPT having a certain area.
The ground line VGL supplies a ground voltage with respect
to the driving voltage EVDD and the second level voltage
EVSS2, and another ground line VL.GL is separately formed
with respect to the logic voltage VCC.

[0130] The logic ground line VLGL connected to the
ground pattern GPT is disposed on a first printed circuit
board 1110 and a second printed circuit board 1120, and a
logic voltage line VCL for supplying the logic voltage VCC
is further disposed on the first printed circuit board 1110 and
the second printed circuit board 1120.

[0131] Because both the logic ground line VLGL and the
ground line VGL are connected to the ground pattern GPT,
they may be considered as having the same voltage level.
However, in actuality, they may have a slight difference in
voltage level due to a line resistance or the like.

[0132] If the ground line VGL for supplying low power
and the logic ground line VLGL for supplying logic power
are disposed to be separated from each other, noise propa-
gation therebetween can be reduced. For example, in this
structure, an influence of a switching noise flowing out
through the ground line VGL on the logic ground line VLGL
may be reduced, and propagation of a noise generated in the
logic ground line VLGL to another line (e.g., sensing line
RVL) through the ground line VGL may be reduced.
[0133] Meanwhile, the second printed circuit board 1120
may further include a sixth capacitor C6 of which one side
1s connected to the logic voltage line VCL and the other side
is connected to the logic ground line VLGL. The sixth
capacitor C6 has an effect of stabilizing the logic voltage
VCC and reducing the propagation of switching noises
generated in the gate driver 120 and the data driver 120
(which use the logic voltage) to another line (e.g., sensing
line RVL) through the ground line VGL.

[0134] For example, the gate driver 130 alternately oper-
ates switches in order to generate a pulse included in a scan
signal. In this case, a switching noise is generated, and the
switching noise may be propagated to the logic ground line
VLGL and may influence the sensing line RVL. The sixth
capacitor C6 has an effect of reducing propagation of this
switching noise.

[0135] FIG. 12 is a diagram illustrating an example
embodiment where a bead is further included in a ground
line of FIG. 11.

[0136] With reference to FIG. 12, a bead Bl may be
further included between the ground line VGL and the
ground pattern GPT. Otherwise, a bead B2 may be further
included between the logic ground line VLGL and the
ground pattern GPT.

[0137] The bead has an effect of blocking a high-fre-
quency current. As described above, switching noise has
characteristics of a high frequency, and, thus, can be effec-
tively blocked by the bead B1 or B2.

[0138] If the bead B1 or B2 is disposed between the
ground line VGL and the logic ground line VL.GL separated
from each other, the bead B1 or B2 has an effect of reducing
propagation of a switching noise included in the driving
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voltage EVDD or a switching noise included in the logic
voltage VCC through another path.

[0139] The example embodiments of the present invention
for reducing propagation of a switching noise to the sensing
line RVL have been described above. According to these
example embodiments, it is possible to reduce an influence
of switching noise included in a driving voltage supplied to
a panel during measurement of transistor characteristics.
[0140] As described above, according to embodiments of
the present invention, it is possible to reduce the influence of
noise included in a voltage supplied to a panel during the
measurement of characteristics.

[0141] The term “comprises”, “includes” or “has” and/or
“comprising”, “including” or “having” used in the document
means that one or more other components, steps, operation
and/or existence or addition of elements are not excluded in
addition to the described components, steps, operation and/
or elements unless context dictates otherwise and is not
intended to preclude the possibility that one or more other
features, numbers, steps, operations, components, parts, or
combinations thereof may exist or may be added. All terms
including technical and scientific terms used in the present
invention are in effect equivalent to terms generally under-
stood by those skilled in the art unless they are defined
otherwise. Terms defined in a generally used dictionary shall
be construed as having meanings equivalent to contextual
meanings used in the art, but shall not be construed as having
ideal or excessively forming meanings unless they are
clearly defined in the present invention.

[0142] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

LI

What is claimed is:

1. A display device, comprising:

a switching circuit;

a sub-pixel including:

a driving transistor; and

an organic light emitting diode (OLED) having an
anode and a cathode, the anode connected to the
driving transistor;

a driving voltage supply line configured to supply a
driving voltage to the OLED through the driving tran-
sistor;

a base voltage supply line connected to the cathode of the
OLED, the switching circuit configured to supply a
base voltage to the cathode of the OLED through the
base voltage supply line;

a ground line configured to supply a ground voltage to the
switching circuit;

a first capacitor connected between the driving voltage
supply line and the ground line; and

a second capacitor connected between the base voltage
supply line and the ground line,

wherein the switching circuit is configured to selectively
supply one of a first level voltage and a second level
voltage as the base voltage, wherein the second level
voltage is higher than the first level voltage, and the
first level voltage is the ground voltage,
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wherein when the first level voltage is supplied as the base
voltage, the switching circuit connects the base voltage
supply line to the ground line, and

wherein when the second level voltage is supplied as the
base voltage, the switching circuit supplies the second
level voltage to the base voltage supply line.

2. The display device of claim 1, wherein the driving
transistor includes a threshold voltage characteristic, and the
switching circuit is configured to supply the second level
voltage as the base voltage during a time when the threshold
voltage characteristic is measured by the display device.

3. The display device of claim 1, further comprising:

a second level voltage supply line configured to supply
the second level voltage to the switching circuit,

wherein when the second level voltage is supplied as the
base voltage, the switching circuit connects the base
voltage supply line to the second level voltage supply
line; and

a third capacitor connected between the second level
voltage supply line and the ground line.

4. The display device of claim 3, further comprising:

a first printed circuit board and a second printed circuit
board, the first printed circuit board and the second
printed circuit board separate from each other;

the driving voltage supply line, the base voltage supply
line, and the ground line disposed over both the first

printed circuit board and the second printed circuit
board;
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the switching circuit, the first capacitor, the second
capacitor, and the third capacitor disposed on the first
printed circuit board;

a fourth capacitor disposed on the second printed circuit
board and connected between the driving voltage sup-
ply line and the ground line; and

a fifth capacitor disposed on the second printed circuit
board and connected between the base voltage supply
line and the ground line.

5. The display device of claim 4, further comprising:

a ground pattern disposed on the first printed circuit
board, the ground line connected to the ground pattern;

a logic ground line disposed over both the first printed
circuit board and the second printed circuit board, the
logic ground line connected to the ground pattern and
configured to supply a logic ground to the display
device;

a logic voltage line disposed over both the first printed
circuit board and the second printed circuit board, the
logic voltage line configured to supply a logic voltage
to the display device; and

a sixth capacitor connected between the logic voltage line
and the logic ground line.

6. The display device of claim 5, further comprising:

a bead connected between the logic ground line and the
ground pattern.

7. The display device of claim 5, further comprising:

a bead connected between the ground line and the ground
pattern.
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