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(7) ABSTRACT

An organic light-emitting display device includes a display
panel includes an active area in which a plurality of sub-
pixels are arrayed, and a bezel area in which lines, through
which a signal and a voltage to be supplied to the subpixels
are transferred, are disposed, wherein each subpixels has a
cathode and an anode; a data driver supplying a data signal
to the subpixels; a gate driver supplying a data signal to the
subpixels; a timing controller controlling the data driver and
the gate driver; and a sensor package module having a
portion that overlaps the active area.
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SENSOR PACKAGE MODULE AND
ORGANIC LIGHT-EMITTING DISPLAY
HAVING SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0115745, filed on Sep. 28, 2018,
which is hereby incorporated by reference in its entirety for
all purposes as if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] Exemplary aspects relate to a sensor package mod-
ule and an organic light-emitting display having the same.

Description of the Background

[0003] With the development of the information society,
demand for a variety of types of display devices for dis-
playing images is increasing. In this regard, flat panel
display devices, such as liquid crystal display (LCD)
devices, and organic light-emitting diode (OLED) display
devices, have come into widespread use.

[0004] Among flat panel display devices, organic light-
emitting display devices have recently come into promi-
nence, since they have superior properties, such as wide
viewing angles, excellent contrast ratios, and the like, and
can be provided with a thin profile. The organic light-
emitting display devices can emit light to reproduce images
by supplying a driving current to self-emissive organic
light-emitting diodes.

[0005] The display devices include various sensors. In
particular, the sensors receive light or emit light to perform
proximity processing, or detect the intensity of external light
to allow various programs to be executed.

[0006] A display device to which a narrow bezel that
maximizes the display area while minimizing the non-
display area as much as possible has been applied due to
easiness in use and recent design trends has been widely
developed.

[0007] However, since holes must be formed in the bezel
area such that the sensors can receive or emit light, the
application of the narrow bezel is limited due to the area
occupied by the holes.

SUMMARY

[0008] The present disclosure provides a sensor package
module for implementing a thin bezel and an organic light-
emitting display device using the same.

[0009] The present disclosure also provides an organic
light-emitting display device capable of preventing an
increase in power consumption and deterioration in image
quality.

[0010] According to an aspect, exemplary aspects may
provide an organic light-emitting display device includes a
display panel includes an active area in which a plurality of
subpixels are arrayed, and a bezel area in which lines,
through which a signal and a voltage to be supplied to the
subpixels are transferred, are disposed, wherein each sub-
pixels has a cathode and an anode; a data driver supplying
a data signal to the subpixels; a gate driver supplying a data
signal to the subpixels; a timing controller controlling the
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data driver and the gate driver; and a sensor package module
having a portion that overlaps the active area.

[0011] According to another aspect, exemplary aspects
may provide a sensor package module includes a camera
module including an image sensing section that drives an
image sensor, a lens driver that drives a lens to project light
to the image sensor, and a camera controller that controls the
image sensing section and the lens driver; and a proximity
sensor including a light receiver that drives a light receiving
sensor to sense light and a light emitter that drives a
light-emitting device to emit light, wherein the camera
controller controls the light receiver and the light emitter.
[0012] According to exemplary aspects, the sensor pack-
age module for implementing a thin bezel and the organic
light-emitting display device using the same can be pro-
vided.

[0013] According to exemplary aspects, the organic light-
emitting display device is capable of preventing an increase
in power consumption and deterioration in image quality.

DESCRIPTION OF DRAWINGS

[0014] The above and other objects, features, and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
[0015] FIG. 1 is a schematic view illustrating a structure
of an organic light-emitting display device according to the
present disclosure;

[0016] FIG. 2 is a circuit diagram illustrating an exem-
plary aspect of the subpixel illustrated in FIG. 1,

[0017] FIG. 3 is a plan view illustrating an exemplary
aspect of an electronic device employing the organic light-
emitting display device illustrated in FIG. 1,

[0018] FIG. 4 is a cross-sectional view illustrating an
exemplary cross-sectional structure taken along line A-A' of
the electronic device illustrated in FIG. 3;

[0019] FIG. 5is a cross-sectional view illustrating a sensor
package module employed in the electronic device illus-
trated in FIG. 4;

[0020] FIG. 6 is a cross-sectional view illustrating the
display panel illustrated in FIG. 1,

[0021] FIG. 7 is a graph illustrating the transmittance of
the display panel;

[0022] FIG. 8 is a cross-sectional view illustrating a first
area of the active area of the electronic device illustrated in
FIG. 3;

[0023] FIG. 9 is a cross-sectional view illustrating a sec-
ond area of the active area of the electronic device illustrated
in FIG. 3;

[0024] FIG. 10 is a block diagram illustrating an exem-
plary aspect of the timing controller illustrated in FIG. 1;
[0025] FIG. 11 is a graph illustrating the transmittance of
a cathode according to metals;

[0026] FIG. 12 is a view illustrating a structure of a sensor
package module according to an exemplary aspect;

[0027] FIG. 13 is a plan view illustrating a first aspect of
the sensor package module employing the sensor package
illustrated in FIG. 11;

[0028] FIG. 14 is a plan view illustrating a second aspect
of the sensor package module employing the sensor illus-
trated in FIG. 11;

[0029] FIG. 15 is a plan view illustrating a third aspect of
the sensor package module employing the sensor illustrated
in FIG. 11,
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[0030] FIG. 16 is a plan view illustrating a fourth aspect
of the sensor package module employing the sensor illus-
trated in FIG. 11; and

[0031] FIG. 17 is a cross-sectional view illustrating an
exemplary aspect of the sensor package module illustrated in
FIG. 11.

DETAILED DESCRIPTION

[0032] Hereinafter, reference will be made to aspects of
the present disclosure in detail, examples of which are
illustrated in the accompanying drawings. Throughout this
document, reference should be made to the drawings, in
which the same reference numerals and symbols will be
used to designate the same or like components. In the
following description of the present disclosure, detailed
descriptions of known functions and components incorpo-
rated into the present disclosure will be omitted in the case
that the subject matter of the present disclosure may be
rendered unclear thereby.

[0033] It will also be understood that, while terms, such as
“first,” “second,” “A,” “B,” “(a),” and “(b),” may be used
herein to describe various elements, such terms are merely
used to distinguish one element from other elements. The
substance, sequence, order, or number of such elements is
not limited by these terms. It will be understood that when
an element is referred to as being “connected,” “coupled,” or
“linked” to another element, not only can it be “directly
connected, coupled, or linked” to the other element, but it
can also be “indirectly connected, coupled, or linked” to the
other element via an “intervening” element. In the same
context, it will be understood that when an element is
referred to as being formed “on” or “under” another element,
not only can it be directly located on or under the other
element, but it can also be indirectly located on or under the
other element via an intervening element.

[0034] FIG. 1 is a schematic view illustrating a structure
of an organic light-emitting display (OLED) device accord-
ing to an exemplary aspect.

[0035] Referring to FIG. 1, the OLED device 100 may
include a display panel 110, a data driver 120, a gate driver
130, and a timing controller 140.

[0036] The display panel 110 may include a plurality of
gate lines GL1 to GLn and a plurality of data lines DL1 to
DLm which intersect with each other. The display panel 110
includes a plurality of subpixels P provided corresponding to
an area in which the plurality of gate lines GL1, . . ., and
GLn and the plurality of data lines DL1, . . . , and DLm
intersect with each other. The plurality of subpixels P may
include an organic light-emitting diode (not shown) and a
pixel circuit (not shown) for supplying a driving current to
the organic light-emitting diode. The pixel circuit may be
connected to the gate lines GL1, . . . , and GLn and the data
lines DL1, . .., and DLm to supply a driving current to the
organic light-emitting diodes. Here, lines disposed in the
display panel 110 are not limited to the plurality of gate lines
GL1, ..., and GLn and the plurality of data lines DL1, . .
., and DLm.

[0037] The data driver 120 may apply a data signal to the
plurality of data lines DL1, . . ., and DLm. The data signal
may correspond to the gradation, and a voltage level of the
data signal may be determined according to the correspond-
ing gradation. The voltage of the data signal may be referred
to as a data voltage.
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[0038] Here, although the data driver 120 is illustrated as
a single data driver, the present disclosure is not limited
thereto. Two or more data drivers may be provided, depend-
ing on the size and resolution of the display panel 110. In
addition, the data driver 120 may be implemented as an
integrated circuit.

[0039] The gate driver 130 may apply a gate signal to the
plurality of gate lines GL1, . . ., and GLn. The subpixel P
corresponding to the plurality of gate lines GL1, . . ., and
GLn to which the gate signal is applied can receive the data
signal. In addition, the gate driver 130 may transfer a sensing
signal to the subpixel P. The subpixel P, having received the
sensing signal output from the gate driver 130, may receive
a sensing voltage output from the data driver 120. Here,
although the gate driver 130 is illustrated as a single gate
driver, the present disclosure is not limited thereto. At least
two gate drivers may be provided. The gate drivers 130 may
be disposed on both sides of the display panel 110, respec-
tively, such that one of the gate drivers 130 is connected to
the odd-numbered gate lines among the plurality of gate
lines GL1 to GLn, and the other of the gate drivers 130 may
be connected to even-numbered gate lines among the plu-
rality of gate lines GL1 to GLn. However, the present
disclosure is not limited thereto. The gate driver 130 may be
implemented as an integrated circuit.

[0040] The timing controller 140 may control the data
driver 120 and the gate driver 130. In addition, the timing
controller 140 may transfer image data, corresponding to the
data signal, to the data driver 120. The image data may be
a digital signal. The timing controller 140 may correct the
image signal and transfer the corrected image signal to the
data driver 120. The operation of the timing controller 140
is not limited thereto. The timing controller 140 may be
implemented as an integrated circuit.

[0041] FIG. 2 is a circuit diagram illustrating an exem-
plary aspect of the subpixel illustrated in FIG.1.

[0042] Referring to FIG. 2, the subpixel P may include an
organic light-emitting diode (OLED) and a pixel circuit for
driving the OLED. The pixel circuit may include a first
transistor M1, a second transistor M2, and a capacitor Cs.
[0043] The first transistor M1 has a first electrode con-
nected to a first power supply line VL1, through which a
pixel high potential voltage EVDD is transferred, a gate
electrode connected to a first node N1, and a second elec-
trode connected to a second node N2. The first transistor M1
may cause a current to flow to the second node N1, in
response to a voltage being transferred to the second node
N2. The first electrode of the first transistor M1 may be a
drain electrode and the second electrode may be a source
electrode. However. the present disclosure is not limited
thereto.

[0044] The current flowing to the second node N2 may
correspond to the following Equation 1:

Td=k(V g5 VthY? 6

where 1d denotes the amount of current flowing through the
second node N2, k denotes electron mobility of the transis-
tor, VGS denotes a voltage difference between the gate
electrode and the source electrode of the first transistor M1,
and Vth denotes a threshold voltage of the first transistor
Mi1.

[0045] Therefore, since the amount of current varies
depending on the deviation of the electron mobility and the
threshold voltage, it is possible to prevent the deterioration
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of the image quality by correcting the data signal depending
on the deviation of the electron mobility and the threshold
voltage.

[0046] The second transistor M2 has a first electrode
connected to the data line DL, a gate electrode connected to
the gate line GL, and a second electrode connected to a first
node N1. Thus, the second transistor M2 may cause a data
voltage Vdata corresponding to the data signal to the first
node N1, in response to a gate signal being transferred
through the gate line GL.. The first electrode of the second
transistor M2 may be a drain electrode and the second
electrode may be a source electrode. However, the present
disclosure is not limited thereto.

[0047] The capacitor Cs may be connected between the
first node N1 and the second node N2. The capacitor Cs may
maintain the voltages of the gate electrode and the source
electrode of the first transistor M1 constant.

[0048] The organic light-emitting diode OLED may have
an anode connected to the second node N2 and a cathode
connected to a pixel low potential voltage EVSS. Here, the
pixel low potential voltage EVSS may be a ground voltage.
However, the present disclosure is not limited thereto. When
an electric current flows from the anode to the cathode, the
organic light-emitting diode (OLED) may emit light depend-
ing on the amount of current. The organic light-emitting
diode (OLED) may emit light of any one of red, green, blue,
and white. However, the present disclosure is not limited
thereto.

[0049] The circuit of the subpixel employed in the organic
light-emitting display device 100 is not limited thereto.
[0050] FIG. 3 is a plan view illustrating an exemplary
aspect of an electronic device employing the organic light-
emitting display device illustrated in FIG. 1.

[0051] Referring to FIG. 3, the electronic device 300 may
include an active area AA on which an image is displayed
and a bezel area NAA in which lines for transferring signals
and voltages to the active area AA are disposed. The active
area AA may be an area in which the display panel 110
illustrated in FIG. 1 is exposed and a user can recognize the
displayed image. Although the shape of the active area AA
is illustrated as being rectangular, it is not limited thereto. A
transparent material may be disposed on the active area AA.
A touch electrode (not shown) may be disposed on the active
area AA. The electronic device 300 may have a first hole hl
provided in the upper portion of the bezel area NAA. When
the electronic device 300 includes a camera, a lens of the
camera may be disposed in the first hole hl. In addition, a
second hole h2 may be disposed in the bezel area NAA. In
a case in which the electronic device 300 is a smart phone,
the second hole h2 may be a hole holding a speaker for
outputting a voice during a conversation. However, the hole
disposed in the bezel area NAA is not limited thereto.
[0052] A cathode 104 may be disposed on the active area
AA. The cathode 104 may correspond to a cathode of the
organic light-emitting diode (OLED) illustrated in FIG. 2.
The cathode 104 may be provided as a common electrode
and may be disposed on the active area AA. Further, the
electronic device 300 may have a sensor package module
disposed in a location in which at least a portion of the
electronic device 300 overlaps the active area AA.

[0053] The sensor package module may include a plurality
of sensors. In addition, the sensor package module may
include a light-emitting device. The sensor package module
may serve to detect the proximity of an object and the
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intensity of external light by detecting infrared (IR) radiation
and visible light, and may emit IR radiation. The sensor
package module may be a proximity sensor. Therefore, the
sensor package module can emit or receive light. When the
sensor package module to emit light or receive light is
disposed in the bezel area NAA, separate holes should be
provided in the bezel area NAA to allow the sensor package
module to emit light or receive light. If a hole is formed in
the bezel area NAA, the area occupied by the hole is
required for the bezel area NAA, which limits the width of
the bezel area NAA. This may interfere with the implemen-
tation of a narrow bezel. However, if the holes required for
the sensor package module are not disposed in the bezel area
NAA, the number of holes provided in the bezel area NAA
may be reduced so that the bezel area NAA of the electronic
device 300 may be thinned accordingly. Here, narrowing the
bezel area NAA may mean that the width of the bezel area
NAA in the direction perpendicular to the sides of the
electronic device is made thinner. However, the present
disclosure is not limited thereto.

[0054] In a case in which the active area AA of the
electronic device 300 is designed to allow a sufficient
amount of light to pass there through, the sensor package
module 150 can use the light that has passed through the
active area AA. Therefore, when the active area AA of the
electronic device 300 has a predetermined degree of trans-
mittance, the sensor package module 150 may be disposed
to overlap the active area AA. It is not necessary to form the
holes, through which the sensor package module 150 is
irradiated with light, in the bezel area NAA. This makes it
easier to implement a narrow bezel.

[0055] The sensor package module may detect light from
the active area AA. The sensor package module may emit IR
radiation and receive reflected IR radiation from an object,
or receive visible light contained in natural light.

[0056] An area, in the active area AA of the electronic
device 300, not overlapping the sensor package module,
may be referred to as a first area areal, while an area
overlapping the sensor package module may be referred to
as a second area area2. A portion of the second area area2
may overlap the active area AA. Also, the second area area2
may be an area corresponding to a specific part of the sensor
package module on the active area AA. That is, only a part
of the area overlapping the sensor package module may be
the second area area2.

[0057] FIG. 4 is a cross-sectional view illustrating an
exemplary cross-sectional structure taken along line A-A' of
the electronic device illustrated in FIG. 3.

[0058] Referring to FIG. 4, the electronic device 300 may
include a display panel 110 and a mid-frame 114 protecting
the display panel 110. A first foam pad 111 and a heat sink
112 may be disposed between the display panel 110 and the
mid-frame 114. However, the structures disposed between
the display panel 110 and the mid-frame 114 is not limited
thereto. A cover glass 113 may be disposed on the display
panel 110. The cover glass 113 may be disposed on the
display panel 110 after a touch sensor (not shown) is
disposed on the display panel 110. A second foam pad 1115
may be disposed on a surface of the mid-frame 114 which is
in contact with the cover glass 113. However, the present
disclosure is not limited thereto.

[0059] The light emitted from the display panel 110 may
be radiated toward the cover glass 113. A surface of the
display panel 110 which is in contact with the cover glass
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113 may be referred to as a front surface and a surface in
contact with the first foam pad 111a may be referred to as a
back surface. The back surface of the display panel 110 on
which the sensor package module 150 is disposed may be
the second area area? illustrated in FIG. 3. In order to allow
the sensor package module 150 to be disposed on the back
surface of the display panel 110, a portion of the first foam
pad 111a and the heat sink 112 may be removed.

[0060] The sensor package module 150 may be disposed
in the portion, from which portions of the first foam pad 111a
and the heat sink 112 are removed, such that the sensor
package module 150 is in contact with the back surface of
the display panel 110. Accordingly, the sensor package
module 150 can receive the light that has passed through the
display panel 110 or irradiate the light toward the cover glass
113. The display panel 110 may be disposed at a position
corresponding to the active area AA in FIG. 3.

[0061] FIG. 5is a cross-sectional view illustrating a sensor
package module employed in the electronic device illus-
trated in FIG. 4.

[0062] Referring to FIG. 5, the sensor package module
150 may include a housing 155, light receiving sensors 151
and 152, and a light-emitting device 153. The light receiving
sensors 151 and 152 may be a proximity sensor. However,
the present disclosure is not limited thereto. Further, the
light-emitting device 153 may be a device that emits IR
radiation. However, the present disclosure is not limited
thereto. The housing 155 may accommodate the light receiv-
ing sensors 151 and 152 and the light-emitting device 153
therein. The housing 155 may have a first hole hs1 and a
second hole hs2 corresponding to and located above the light
receiving sensors 151 and 152 and the light-emitting device
153, which are accommodated in the housing 155. In
addition, the housing 155 may has a partition wall 155
disposed between the light receiving sensors 151 and 152
and the light-emitting device 153.

[0063] The partition wall 155 may prevent the light emit-
ted from the light-emitting device 153 from directly striking
the light receiving sensors 151 and 152 without passing
through the first hole hs1 and the second hole hs2. Each of
the first hole hs1 and the second hole hs2 provided in the
housing 154 may be a circular hole with a diameter of 1 mm.
However, the size and shape of the first hole hs1 and the
second hole hs2 are not limited thereto. The light receiving
sensors 151 and 152 and the light-emitting device 153 may
be provided on a substrate, and the lower portion of the
housing 155 may be provided with the substrate on which
lines for supplying signals and voltages to the light receiving
sensors 151 and 152 and the light-emitting device 153 are
provided. However, the present disclosure is not limited
thereto.

[0064] The light receiving sensors 151 and 152 are cat-
egorized as a first light receiving sensor 151 and a second
light receiving sensor 152. The first light receiving sensor
151 receives visible light from natural light and the second
light receiving sensor 152 receives IR radiation. The IR
radiation received by the second light receiving sensor 152
may be IR radiation emitted from the light-emitting device
153. However, the light received by the light receiving
sensors 151 and 152 and emitted from the light-emitting
device 153 is not limited thereto.

[0065] FIG. 6 is a cross-sectional view illustrating the
display panel illustrated in FIG. 1.
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[0066] Referring to FIG. 6, the display panel 110 may
include a substrate 601, a device layer 602 on which the first
and second transistors M1 and M2 and the capacitor Cst
illustrated in FIG. 2 are fabricated, an organic light-emitting
layer 603 emitting light by receiving a current from the
device layer 602, a cathode layer 604, and an insulating layer
605. Further, the display panel may further include a polar-
izing film 606. The substrate 601, the cathode layer 604, and
the polarizing film 606 may be formed over the entire area
of the display panel 110. Since the cathode layer 604 is made
of low work function metals, such as calcium (Ca), alumi-
num (Al)/lithium (Li), magnesium (Mg)/silver (Ag), or the
like, the transmittance thereof is low.

[0067] FIG. 7 is a graph illustrating the transmittance of
the substrate 601, the cathode layer 604, and the polarizing
film 606. Referring to FIG. 7, it can be appreciated that the
transmittance of the cathode layer 604 is the lowest. In
addition, it can also be appreciated that the cathode layer 604
exhibits a transmittance in the range of 30% to 50% in the
visible light range of 525 nm to 560 nm and a transmittance
in the range of 20% to 25% in the infrared range of 850 nm
to 950 nm. Therefore, it can be understood that increasing
the transmittance of the cathode layer 604 is the most
effective method of increasing the transmittance of the
display panel 110.

[0068] As the thickness of the cathode layer 604 is thinner,
the transmittance increases. That is, if the thickness of the
cathode layer 604 is reduced such that the transmittance of
the display panel 110 is 10% or more in a visible light
wavelength band and the transmittance in an infrared wave-
length band is 30% or more, the sensor package module 150
can be disposed to overlap the active area AA as illustrated
in FIG. 3. Here, the cathode layer 604 is a layer in which the
cathode 104 illustrated in FIG. 3 is formed.

[0069] FIG. 8 is a cross-sectional view illustrating a first
area of the active area of the electronic device illustrated in
FIG. 3, and FIG. 9 is a cross-sectional view illustrating a
second area of the active area of the electronic device
illustrated in FIG. 3.

[0070] Referring to FIGS. 8 and 9. a pixel defining layer
803 may be provided on an anode 801. The anode 801 may
correspond to the anode of the organic light-emitting diode
(OLED) illustrated in FIG. 2. A device layer (not shown)
may be provided under the anode 801 and may be supplied
with a driving current from the source/drain electrodes
provided on the device layer. A cavity CV may be formed in
the pixel defining layer 803. The organic light-emitting layer
802 may be disposed in the cavity CV. Here, although the
organic light-emitting layer 802 is illustrated as being a
single layer, the present disclosure is not limited thereto.
Further, the organic light-emitting layer 802 may emit red,
green, and blue light depending on the material. The color of
light emitted from the organic light-emitting layer 802 is not
limited thereto.

[0071] A cathode 804 may be disposed on the organic
light-emitting layer 802. The cathode 804 may be the
cathode of the organic light-emitting diode (OLED) illus-
trated in FIG. 2. The cathode 804 may be an electrode that
is disposed in the active area AA as illustrated in FIG. 3 to
be common to all of the subpixels. In this case, the thickness
of the cathode 804 in the first area may have a first thickness
dl as illustrated in FIG. 8. Further, the thickness of the
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cathode 804 may have a second thickness d2 as illustrated in
FIG. 9. The second thickness d2 may be thinner than the first
thickness d1.

[0072] When the thickness of the cathode 804 is reduced,
the transmittance of the cathode 804 may be increased, but
the surface resistance of the cathode 804 may be increased
to increase power consumption. Thus, the cathode 804 may
have a first thickness dl in the first area areal and a second
thickness d2 in the second area area2 in the active area AA
as illustrated in FIG. 3. In addition, compensation driving
may be performed on the subpixels P disposed in a location
corresponding to the second area area2, in which the thick-
ness of the cathode 804 is thin, to prevent the brightness
from being lowered. The compensation driving may be
performed by varying the voltage level of the data voltage
transferred to the subpixel P disposed in the second area
area2. The second area area2 may be an area corresponding
to at least one of the first hole hsl or the second hole hs2 of
the sensor package module illustrated in FIG. 5 in the active
area AA.

[0073] FIG. 10 is a block diagram illustrating an exem-
plary aspect of the timing controller illustrated in FIG. 1.
[0074] Referring to FIG. 10, the timing controller 140 may
include a memory 142 storing compensation algorithm and
information regarding the position of the second area area2
of the display panel 110 and a calculator 141 calculating
information regarding the compensated image signal corre-
sponding to the information and the compensation algorithm
about the position of the second area area2.

[0075] The memory 142 may include a lookup table in
which the addresses corresponding to the positions of the
subpixels in the active area AA and the positions of the first
area areal and the second area area2 corresponding to the
addresses may be stored. The memory 142 may store a
compensation algorithm for calculating information regard-
ing an image signal to be compensated for depending on the
gradation and the color information.

[0076] The calculator 141 may receive the image signal
RGB, calculate the position information and the compensa-
tion algorithm for the second area area2, and output a
compensated image signal cRGB. The compensated image
signal cRGB may be transferred to the data driver 120. The
compensated image signal cRGB compensated in the cal-
culator 141 is not compensated only by the information
regarding the second area area2.

[0077] FIG. 11 is a graph illustrating the transmittance of
a cathode according to the metal material.

[0078] Referring to FIG. 11, the cathode 104 illustrated in
FIG. 3 may be formed of various metals. a represents a case
in which the cathode 104 is a double layer of calcium
(Ca)/silver (Ag), b represents a case in which the cathode
104 is a double layer of barium (Ba)/silver (Ag), ¢ represents
a case in which the cathode 104 is a double layer of
magnesium (Mg)/silver (Ag), and d and e represent cases in
which the cathode 104 is a single layer of silver (Ag). The
thicknesses of calcium (Ca) and silver (Ag) in the case a are
respectively 10 nm, the thicknesses of barium (Ba) and
silver (Ag) in the case b are respectively 10 nm, and the
thicknesses of magnesium (Mg) and silver (Ag) in the case
a are respectively 10 nm. In addition, the case d represents
that the thickness of silver (Ag) is 10 nm and the case e
represents that the thickness of silver (Ag) is 20 nm.
[0079] It can be appreciated that, in the case in which the
cathode 104 is the double layer of calcium (Ca)/silver (Ag)
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or the double layer of barium (Ba)/silver (Ag), the trans-
mittance is higher than in the case in which the cathode 104
is the double layer of magnesium (Mg)/silver (Ag) or the
single layer of silver (Ag).

[0080] Therefore, in a case the cathode 104 is a double
layer of calcium (Ca)/silver (Ag) or a double layer of barium
(Ba)/silver (Ag), the transmittance of the display panel 110
is high even when the thickness of the cathode 104, posi-
tioned to correspond to the holes hs1 and hs2 of the sensor
package module 150 illustrated in FIG. 5, is not as reduced
as illustrated in FIG. 9. Thus, the light receiving sensors 151
and 152 may easily receive IR radiation or visible light, and
IR radiation emitted from the light-emitting device 153 may
easily pass through the display panel 110. Accordingly, the
cathode 104 of the electronic device 300 may have a
constant thickness in the active area AA regardless of the
position of the sensor package module 150. Here, the
constant thickness means that there may be a thickness
difference within an error range that may occur in the
process.

[0081] FIG. 12 is a view illustrating a structure of the
sensor package module according to an exemplary aspect.

[0082] Referring to FIG. 12, the sensor package module
200 includes a camera module having an image sensing
section 261, a lens driver 262, and a camera controller 210
for controlling the image sensing section 261 and the lens
driver 262, and a proximity sensor having light receivers 251
and 252 for detecting light and a light emitter 253 for
emitting light. The light receivers 251 and 252 and the light
emitter 253 may be controlled by the camera controller 210.

[0083] The image sensing section 261 may drive an image
sensor. The image sensing section 261 may supply at least
one of power or a signal to the image sensor to control the
image sensor to generate an analog image signal. The image
sensing section 261 may be at least one of a device for
driving the image sensor or a program for driving the device.
In addition, the image sensing section 261 may include the
image sensor.

[0084] The lens driver 262 drives a lens. The lens driver
262 receives the distance information regarding a subject
and may control the focus of the lens according to the image
sensor. In addition, the lens driver may control the aperture
depending on the intensity of external light. The lens driver
262 may be at least one of a device for driving the lens or
a program for driving the device.

[0085] The camera controller 210 may control the image
sensing section 261 and the lens driver 262 by transmitting
control signals to the image sensing section 261 and the lens
driver 262. The camera controller 210 may be a calculating
or computing device operated by a specific program.

[0086] The light receivers 251 and 252 may drive light
receiving sensors. The light receivers 251 and 252 may
include an IR radiation receiver 251 for driving an IR
radiation receiving sensor to receive IR radiation and an
illuminance receiver 252 for driving an illuminance sensor
to receive visible light. The IR radiation receiver 251 and the
illuminance receiver 252 operate in response to the control
signal received from the camera controller 210. The IR
radiation receiver 251 and the illuminance receiver 252
generate an analog sensing signal, respectively. The light
receivers 251 and 252 may be at least one of a device for
driving the IR radiation receiving sensor and the illuminance
sensor or a program for driving the element. The light
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receivers 251 and 252 may include an IR radiation receiving
sensor and an illuminance sensor.

[0087] The light emitter 253 may drive the light-emitting
device. The light emitter 253 may be at least one of a device
for driving the light-emitting device or a program for driving
the device. The light emitter 253 may be controlled by the
camera controller 210.

[0088] The sensor package module 200 may include an
ADC 230 that converts an analog image signal output from
the image sensor into a digital image signal and converts an
analog sensing signal received from the light receiver into a
digital sensing signal. That is, the single ADC 230 may
convert the analog image signal and the analog sensing
signal into the digital image signal and the digital sensing
signal. The camera controller 210 may control the camera
module and the proximity sensor to be driven in a time-
division manner. Accordingly, the camera module and the
proximity sensor are not driven at the same time, so that the
analog image signal is converted into the digital image
signal and the analog sensing signal received from the light
receivers 251 and 252 is converted into the digital sensing
signal by the single ADC 230. The camera controller 210
may control the lens driver 262 by controlling the focus and
aperture of the lens using information regarding the illumi-
nance received from the light receiver and distance infor-
mation.

[0089] The sensor package module 200 may include a
proximity algorithm section 241, an illuminance algorithm
section 242, and an image processing algorithm section 243.
The proximity algorithm section 241 may detect the prox-
imity and position using information detected by the IR
radiation receiver 252. The illuminance algorithm section
242 may determine the intensity of external light using the
information detected by the illumination light receiver 252.
The image processing algorithm section 243 may generate
information regarding the image using the information
detected by the image sensing section 261.

[0090] FIG. 13 is a plan view illustrating a first aspect of
the sensor package module employing the sensor package
illustrated in FIG. 11, FIG. 14 is a plan view illustrating a
second aspect of the sensor package module employing the
sensor illustrated in FIG. 11, FIG. 15 is a plan view
illustrating a third aspect of the sensor package module
employing the sensor illustrated in FIG. 11, FIG. 16 is a plan
view illustrating a fourth aspect of the sensor package
module employing the sensor illustrated in FIG. 11, and FIG.
17 is a cross-sectional view illustrating an exemplary aspect
of the sensor package module illustrated in FI1G. 11.
[0091] The sensor package module 160 may include light
receiving sensors 151 and 152 for receiving at least one of
IR radiation or visible light and a light-emitting device 153
for emitting IR radiation. In addition, the sensor package
module 160 may include an image sensor 156 that generates
an image using light passing through a lens (not shown). The
sensor package module 160 may be a device including the
light receiving sensors 151 and 152, the light-emitting
device 153, and the image sensor 156, and may include a
device for controlling the sensor package module and a
program for controlling the device.

[0092] The image sensor 1456 may be disposed on the
substrate 154 and the light receiving sensors 151 and 152
and the light-emitting device 153 may also be connected to
the substrate 154 through lines respectively. However, the
present disclosure is not limited thereto. The sensor package
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module 160 may be provided with a lens holder 162 at a
position corresponding to the image sensor 156. The lens
holder 162 supports a plurality of lenses and may be
operated by a lens driver. In the sensor package module 160,
the light receiving sensors 151 and 152 and the light-
emitting device 153 may be disposed in the upper and lower
portions of the lens holder 162 as illustrated in FIG. 13.
Therefore, the sensor package module 160 has the first hole
hsl and the second hole hs2 corresponding to the light
receiving sensors 151 and 152 and the light-emitting device
153, and a third hole hc serving as the lens holder 162 in
which the lens is disposed. The first and second holes may
be disposed above and below the third hole he. In this case,
the lens holder 162 has a predetermined height and can serve
as the partition wall 155 illustrated in FIG. 5. The first hole
hs2 and the third hole hc may be disposed in the bezel area
NAA illustrated in FIG. 3, and the second hole hs2 may be
disposed in the active area AA illustrated in FIG. 3.
[0093] The light receiving sensors 151 and 152 and the
light-emitting device 153 may be disposed in the right
portion of the sensor package module 160 as illustrated in
FIG. 14. In this case, the first hole hs1 and the third hole he
may be disposed in the bezel area NAA illustrated in FIG.
3, and the second hole hs2 may be disposed in the active area
AA illustrated in FIG. 3.

[0094] In addition, the light receiving sensors 151 and 152
and the light-emitting device 153 may be disposed in the
lower left portion of the sensor package module 160,
arranged in the shape of an “L,” as illustrated in FIG. 15. In
this case, the first hole hs1 and the third hole hc may be
disposed in the bezel area NAA illustrated in FIG. 3, and the
second hole hs2 may be disposed in the active area AA
illustrated in FIG. 3. However, the present disclosure is not
limited thereto, and the first hole hs1 and the second hole hs2
may be disposed in the active area AA corresponding to the
shape of the bezel area NAA.

[0095] In addition, the light receiving sensors 151 and 152
and the light-emitting device 153 may be disposed in the
bottom of the sensor package module 160, arranged in the
shape of in an “I,” as illustrated in FIG. 16. In this case, the
third hole he may be disposed in the bezel area NAA
illustrated in FIG. 3, and the first hole hs1 and the second
hole hs2 may be disposed in the active area AA illustrated in
FIG. 3.

[0096] However, the arrangement of the light receiving
sensors 151 and 152 and the light-emitting device 153 is not
limited to FIGS. 14 to 16. The first hole hs1 and the third
hole hc or the third hole hc may be disposed at the position
corresponding to the first hole hl disposed in the bezel area
NAA illustrated in FIG. 3.

[0097] The foregoing descriptions and the accompanying
drawings have been presented in order to explain certain
principles of the present disclosure by way of example. A
person having ordinary skill in the art to which the present
disclosure relates could make various modifications and
variations by combining, dividing, substituting for, or
changing the elements without departing from the principle
of the present disclosure. The foregoing aspects disclosed
herein shall be interpreted as being illustrative, while not
being limitative, of the principle and scope of the present
disclosure. It should be understood that the scope of the
present disclosure shall be defined by the appended Claims
and all of their equivalents fall within the scope of the
present disclosure.
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What is claimed is:

1. An organic light-emitting display device comprising:

a display panel comprising an active area in which a
plurality of subpixels are arrayed, and a bezel area in
which lines, through which a signal and a voltage to be
supplied to the subpixels are transferred, are disposed,
wherein each subpixels has a cathode and an anode;

a data driver supplying a data signal to the subpixels;

a gate driver supplying a data signal to the subpixels;

a timing controller controlling the data driver and the gate
driver; and

a sensor package module having a portion that overlaps
the active area.

2. The organic light-emitting display device according to
claim 1, wherein the display panel has a transmittance of
10% or more in a visible light wavelength band a transmit-
tance of 30% or more in an infrared wavelength band in the
active area with respect to the cathode in the subpixels.

3. The organic light-emitting display device according to
claim 1, wherein the active area has a first area that does not
overlapping the sensor package module and a second area
that overlaps the sensor package module, and a thickness of
the cathode in the second area is thinner than a thickness of
the cathode in the first area.

4. The organic light-emitting display device according to
claim 3, wherein the sensor package module has two holes,
and the second area is disposed at a position corresponding
to the two holes.

5. The organic light-emitting display device according to
claim 1, wherein the subpixel has a light-emitting layer
disposed between the cathode and the anode.

6. The organic light-emitting display device according to
claim 1, wherein the sensor package module is disposed on
a rear surface of the display panel.

7. The organic light-emitting display device according to
claim 1, wherein the sensor package module includes,

a camera module including an image sensing section that
drives an image sensor, a lens driver that drives a lens
to project light to the image sensor and a camera
controller that controls the image sensing section and
the lens driver, and

a proximity sensor including a light receiver that drives a
light receiving sensor to detect light and a light emitter
that drives a light-emitting device to emit light,

wherein the camera controller controls the light receiver
and the light emitter.

8. The organic light-emitting display device according to
claim 7, wherein the sensor package module includes a
housing accommodating the image sensor, the light receiv-
ing sensor, and the light-emitting device, and

wherein the housing includes a lens holder that supports
the lens and is disposed between the light receiving
sensor and the light-emitting device.

9. The organic light-emitting display device according to
claim 8, wherein the hole corresponding to the lens holder
is disposed to overlap the bezel area, and at least one of the
light receiving sensor or the light-emitting device is dis-
posed to overlap the active area.

10. The organic light-emitting display device according to
claim 7, further comprising an analog-digital converter
converting an analog image signal into a digital image signal
and converting an analog sensing signal to a digital sensing
signal,
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wherein the analog image signal is output from the image
sensor and the analog sensing signal is processed in the
light receiver.

11. The organic light-emitting display device according to
claim 10, wherein the camera controller controls the camera
module and the proximity sensor to be driven in a time-
division manner.

12. The organic light-emitting display device according to
claim 3, wherein the sensor package module includes a
light-emitting device emitting light, a light receiving sensor
receiving light, and a housing accommodating the light-
emitting device and the light receiving sensor, and

wherein the housing has a first hole allowing the light
from the light-emitting device to exit therethrough and
a second hole allowing the light to enter the light
receiving sensor, and the second area is disposed at a
position corresponding to the first hole and the second
hole.

13. The organic light-emitting display device according to
claim 1, further comprising a support member disposed on
a lower portion of a rear surface of the display panel, and a
foam pad disposed between the display panel and the
support member,

wherein the sensor package module is disposed on a
portion of the rear surface of the display panel where a
portion of the foam pad is removed.

14. The organic light-emitting display device according to

claim 3, wherein the timing controller includes,

a memory storing information regarding a position of the
second area of the display panel, and

a calculator calculating information regarding a compen-
sated image signal corresponding to information
regarding a position of the second area.

15. A sensor package module comprising:

a camera module including an image sensing section that
drives an image sensor, a lens driver that drives a lens
to project light to the image sensor, and a camera
controller that controls the image sensing section and
the lens driver; and

a proximity sensor including a light receiver that drives a
light receiving sensor to sense light and a light emitter
that drives a light-emitting device to emit light,

wherein the camera controller controls the light receiver
and the light emitter.

16. The sensor package module according to claim 15,
further comprising an analog-digital converter converting an
analog image signal into a digital image signal and convert-
ing an analog sensing signal to a digital sensing signal,

wherein the analog image signal is output from the image
sensor and the analog sensing signal is processed in the
light receiver.

17. The sensor package module according to claim 15,
wherein the camera controller controls the camera module
and the proximity sensor to be driven in a time-division
mannet.

18. The sensor package module according to claim 15,
wherein the light receiving sensor includes a first light
receiving sensor sensing infrared radiation and a second
light receiving sensor receiving visible light, and

Wherein the light-emitting device emits infrared radia-
tion.



US 2020/0105194 Al

19. The sensor package module according to claim 15,
further comprising a housing accommodating the image
sensor, the light receiving sensor, and the light-emitting
device,

wherein the housing includes a lens holder disposed

above the image sensor and between the light-emitting
device and the light receiving sensor within the hous-
ing, and

wherein three holes respectively corresponding to the lens

holder, the light-emitting device and the light receiving
sensor are provided in an upper portion of the housing.

20. The sensor package module according to claim 19,
wherein the lens holder is disposed between the holes among
the three holes that correspond to the light-emitting device
and the light receiving sensor.

® 0% % % %
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