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Description
1. Field of the Invention

[0001] The present invention relates to organic light-
emitting display devices. In particular, the present inven-
tionrelates to an organic light-emitting display device with
a photo sensor capable of controlling brightness thereof,
while exhibiting an overall quantum efficiency of 50% to
90%.

2. Description of the Related Art

[0002] In general, an organic light-emitting display de-
vice is a flat display device where voltage may be applied
to aplurality of layers interposed between two electrodes,
i.e., ananode electrode and a cathode electrode, to com-
bine electrons and holes to form images. In particular,
the conventional organic light-emitting display device
may include a hole injecting layer, a hole transporting
layer, at least one organic light emitting layer, an electron
injectinglayer and an electron transporting layer between
the electrodes. Accordingly, holes may be injected into
the hole injecting layer from the anode electrode, so the
injected holes may be transported to the organic light
emitting layer through the hole transporting layer. Simi-
larly, electrons may be injected into the electron injecting
layer from the cathode electrode; so the injected elec-
trons may be transported to the organic light emitting
layer through the electron transporting layer. The trans-
ported holes and the electrons may combine with one
anotherinthe organiclight emitting layer to form excitons,
and, thereby, emit visible light and form images.

[0003] The conventional organic light emitting layer of
the organic light-emitting display device may deteriorate
over time and, thereby, reduce brightness of light emitted
therefrom and/or modify color coordinates thereof. Re-
duced brightness of light emitted from the organic light
emitting layer may decrease the image quality of the or-
ganic light emitting display device and its overall lifespan.
Attempts have been made to improve the brightness of
the organic light-emitting display device by incorporating
a photo sensor therein. However, the conventional photo
sensor may have quantum efficiency below 50%, thereby
providing a limited brightness enhancement to the organ-
ic light-emitting display device.

[0004] Accordingly, there exists a need for an organic
light-emitting display device with a photo sensor capable
of controlling brightness thereof, while exhibiting im-
proved quantum efficiency.

[0005] US 2002/044208 discloses an area sensor hav-
ing a function of displaying an image in a sensor
portion .by using light-emitting elements and a reading
function using photoelectric conversion devices. A pho-
toelectric conversion layer of a photodiode is made of an
amorphous silicon film and an N-type semiconductor lay-
er and a P-type semiconductor layer are made of a poly-
crystalline silicon film. The amorphous silicon film is
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formed to be thicker than the polycrystalline silicon film.
[0006] US 2005/056841 discloses a semiconductor
display device for displaying an image. Display pixels
and sensor pixels of an EL display each have an EL el-
ement, and the sensor pixels each have a diode. The
luminance ofthe EL elements of eachin the display pixels
is controlled in accordance with the amount of electric
current flowing in each of the diodes.

[0007] EP-A-1139454 discloses an electro-optical de-
vice. The electric potential of a gate signal line in a row
except for an i-th row is set to a constant electric potential
in a period except for when a gate signal line in the i-th
row is selected. A gate signal line in an (i-1)-th row is also
used as an electric current supply line for an EL element
controlled by the gate signal line in the i-th row. Thus,
wiring number is reduced and high numerical aperture is
realized.

[0008] The presentinvention is directed to an organic-
light emitting display device, which substantially over-
comes one or more or the disadvantages of the related
art.

[0009] Itis therefore a feature of the presentinvention
to provide an organic light-emitting display device having
a photo sensor capable of controlling color brightness,
while exhibiting enhanced quantum efficiency.

[0010] Atleastone of the above and other features and
advantages of the present invention may be realized by
providing an organic light-emitting display device, includ-
ing a substrate, a first buffer layer on the substrate, the
first buffer layer including silicon oxide, a second buffer
layer on the first buffer layer, the second buffer layer in-
cluding silicon nitride, a thin film transistor on the second
buffer layer, an organic light-emitting diode electrically
connected with the thin film transistor, and a photo sensor
with an intrinsic region on the second buffer layer, where-
in the first buffer layer has a thickness of from 2900 ang-
stroms to 3 100 angstroms, the second buffer layer has
a thickness of from 200 angstroms to 400 angstroms,
and the intrinsic region has a width of from 3 um to 10
pm such that the photo sensor is capable of absorbing
red light from the organic light-emitting diode and of ex-
hibiting quantum efficiency of from 50% to 90%.

[0011] Alternatively, the first buffer layer may have a
thickness of from 700 angstroms to 900 angstroms, the
second buffer layer may have a thickness of from 100
angstroms to 300 angstroms, and the intrinsic region may
have a width of from 4 pm to 10 um. In yet another al-
ternative, the first buffer layer may have a thickness of
from 700 angstroms to 900 angstroms, the second buffer
layer may have a thickness of from 300 angstroms to 500
angstroms, and the intrinsic region may have a width of
from 5 pm to 10 pm.

[0012] The photo sensor may include amorphous sili-
con.

[0013] The intrinsic region of the photo sensor may be
between a N-type doping region and a P-type doping
region, wherein the intrinsic region, the N-type doping
region and the P-type doping region may be on a same
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plane. The photo sensor may be capable of converting
the absorbed red light into electrical signals. The electri-
cal signals may be capable of controlling brightness or
the light emitted from the organic light-emitting diode.
The absorbed red light may have a wavelength of from
about 645 nm to about 700 nm.

[0014] The organic light-emitting diode may be a rear-
type organic light-emitting diode. The organic light-emit-
ting display device may include a gate insulating layer
disposed on the second buffer layer, wherein a portion
of the gate insulating layer may be positioned between
the thin film transistor and the photo sensor. The organic
light-emitting display device may also include a transpar-
entanode in the organic light-emitting diode. The organic
light emitting display device may be incorporated into a
portable electronic apparatus.

[0015] The above and other features and advantages
of the present invention will become more apparent to
those of ordinary skill in the art from the following de-
scription of embodiments thereof which is given with ref-
erence to the attached drawings, in which:

FIG. 1 is a cross-sectional view of an organic light-
emitting display device having a photo sensor ac-
cording to an embodiment of the present invention;
FIG. 2 is a graph of quantum efficiency of the photo
sensor illustrated in FiG. 1 ;

FIG. 3 is a cross-sectional view of an organic light-
emitting display device having a photo sensor ac-
cording to another embodiment of the presentinven-
tion;

FIG. 4 is a graph of quantum efficiency of the photo
sensor illustrated in FIG. 3 ;

FIG. 5 is a cross-sectional view of an organic light-
emitting display device having a photo sensor ac-
cording to another embodiment of the presentinven-
tion;

FIG. 6 is a graph of quantum efficiency of the photo
sensor illustrated in FIG. 5 ; and

FIG. 7 and FIG. 8 illustrate views of portable elec-
tronic devices having an organic light-emitting dis-
play device according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which embodiments of the invention are
illustrated by way of example. The invention may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
[0017] In the figures, the dimensions of layers and re-
gions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or an element is
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referred to as being "on" another layer, element or sub-
strate, it can be directly on the other layer, element or
substrate, or intervening layers or elements may also be
present. Further, it will be understood that when a layer
or an element is referred to as being "under" another
layer or element, it can be directly under, or one or more
intervening layers or elements may also be present. In
addition, it will also be understood that when a layer or
an element is referred to as being "between" two layers
or elements, it can be the only layer or element between
the two layers or elements, or one or more intervening
layers or elements may also be present. Like reference
numerals refer to like elements throughout.

[0018] Hereinafter, an embodiment of an organic light-
emitting display device according to the presentinvention
will be described in more detail below with reference to
FIG. 1. As illustrated in FIGS. 1-2, an organic light-emit-
ting display device 20 according to an embodiment of the
present inventionincludes a substrate 200, a first buffer
layer 210 and a second buffer layer 220 on the substrate
200, a thin film transistor 230 on the second buffer layer
220, an organic light-emitting diode 260 electrically con-
nected to the thin film transistor 230, and a photo sensor
240.

[0019] The substrate 200 of the organic light-emitting
display device 20 may be made of any insulating material,
e.g., glass, plastic, silicon, synthetic resin, and so forth,
as determined by one of ordinary skill in the art. Prefer-
ably, the substrate 200 is transparent, e.g., a glass sub-
strate.

[0020] The substrate 200 is formed to have a non-pixel
region A and a pixel region B therein, such that the pixel
region B includes a region of the substrate 200 that is
capable of displaying images, e.g., an area including the
organic light emitting diode 260, and the non-pixel region
A includes all the regions of the substrate 200 that are
not capable of displaying images, i.e., regions other than
the pixel region B. For example, the thin film transistor
may be formed in the non-pixel region A.

[0021] The first buffer layer 210 of the organic light-
emitting display device 20 is made of silicon oxide (SiO,)
to a thickness of from about 2900 angstroms to about
3100 angstroms on the substrate 200. The second buffer
layer 220 is made by depositing silicon nitride (SiNx) on
the first buffer layer 210 to a thickness of from about 200
angstroms to about 400 angstroms. Without intending to
be bound by theory, it is believed that such thickness of
the first buffer layer 210 and the second buffer layer 220
is advantageous in the present invention to facilitate en-
hanced quantum efficiency of the photo sensor 240 as
will be discussed in more detail below. It should further
be noted that the first buffer layer 210 and the second
buffer layer 220 according to the present invention min-
imize diffusion of impurities into the thin film transistor
230 and the photo sensor 240 during post-processing
thereof.

[0022] The thin film transistor 230 of the organic light-
emitting display device 20 is formed on the second buffer
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layer 220 by crystallizing an amorphous silicon layer into
a low temperature polysilicon (LTPS) via, for example,
laser irradiation. The thin film transistor 230 includes a
semiconductor layer 231, a gate electrode 232, and a
source/drain electrode 233, wherein a gate insulating lay-
er 280 is disposed between the semiconductor layer 231
and the gate electrode 232 and an inter-insulating layer
290 is disposed between the gate electrode 232 and the
source/drain electrode 233. The gate insulating layer 280
is deposited on the second buffer layer 220 and over the
semiconductor layer 231 and the photo sensor 240, as
illustrated in FIG. 1, such that a portion of the gate insu-
lating layer 280 is positioned on the second buffer layer
220 between the semiconductor layer 231 of the thin film
transistor 230 and the photo sensor 240 to separate ther-
ebetween. The source/drain electrode 233 of the thin film
transistor 230 is disposed over the inter-insulating layer
290 and electrically connected with both sides of the sem-
iconductor layer 231 via a contact hole formed through
the gate insulating layer 280 and the inter-insulating layer
290.

[0023] The organic light-emitting diode 260 of the light-
emitting display device 20 is formed on the substrate 200
and includes a first electrode layer 261, a second elec-
trode layer 263, and a light emitting layer 262 therebe-
tween. The organic light-emitting diode 260 is electrically
connected to the thin film transistor 230, i.e., any one of
the source and drain electrodes 233, via a hole.

[0024] Thefirst electrode layer 261 of the organic light-
emitting diode 260 is made of any suitable transparent
conductor, e.g., indium-tin-oxide (ITO), indiumzinc-oxide
(120), zinc oxide (Zn0O), and so forth. The second elec-
trode layer 263 of the organic light-emitting diode 260 is
formed on the first electrode layer 261. At least one layer
of the second electrode layer 263 is made of a reflective
metal film. The light emitting layer 262 of the organic light-
emitting diode 260 is formed between the firstand second
electrode layers 261 and 263, respectively. In particular,
the light emitting layer 262 is formed to partially expose
the first electrode layer 261. Further, the light emitting
layer 262 includes a hole injecting layer, a hole transport-
ing layer, an electron transporting layer and an electron
injecting layer. Accordingly, the light emitting layer 262
generates light when holes and electron injected from
the first and second electrode layers 261 and 263, re-
spectively, are coupled therein. Further, the light emitted
from the light emitting layer 262 is emitted to the substrate
200 through the first electrode layer 261 due to the re-
flective metal film employed in the second electrode layer
263.

[0025] The photo sensor 240 of the light-emitting dis-
play device 20 may be any suitable optical sensor capa-
ble of receiving a light signal and converting the light sig-
nal into an electrical signal, e.g., current or voltage. For
example, the photo sensor 240 may be a semiconductor
device having a light detecting function, such as a diode
with a light detecting function at a junction thereof, i.e.,
aphoto diode. In other words, because electrons or holes
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are generated by means of absorption of photons, and,
therefore, the conductivity of a diode is modulated with
respect to a light signal detected therein, a diode func-
tioning as the photo sensor 240 converts light signals
into electrical signals with respect to changes of current
flow therein as related to optical changes.

[0026] The photo sensor 240 is formed on the second
buffer layer 220. In particular, the photo sensor 240 is
formed of amorphous silicon in the pixel region B of the
substrate 200, as illustrated in FIG. 1, and crystallized
as polycrystalline silicon through a predetermined heat
treatment, i.e., any appropriate heat treatment of amor-
phous silicon material as determined by a person skilled
in the art. More specifically, the photo sensor 240 is
formed to be able to absorb light in a red wavelength-
range, e.g., from about 645 nm to about 700 nm, emitted
from the organic light-emitting diode 260. In other words,
the photo sensor 240 is positioned on the second buffer
layer 220, such that vertical rays of light emitted from the
organic light-emitting diode 260 reach the photo sensor
240.

[0027] The photo sensor 240 has a structure of a P-
i(intrinsic)-N and, therefore, have a N-type doping region
241 for applying a positive voltage, a P-type doping re-
gion 243 for applying a negative voltage, and an intrinsic
region 242 therebetween. The N-type doping region 241,
the P-type doping region 243, and the intrinsic region 242
are positioned on the same plane, e.g., positioned in di-
rect communication with the second buffer layer 220. In
particular, the N-type doping region 241 is formed by in-
jecting a high concentration of N-type impurity ions into
afirstregion of the polycrystalline silicon, i.e., photo sen-
sor 240. Similarly, the P-type doping region 243 is formed
by injecting a high concentration of P-type impurity ions
into a second region of the polycrystalline silicon. In this
respect, it should be noted that the first region of the
polycrystalline silicon is horizontally separated from the
second region thereof, such that the intrinsic region 242
is formed therebetween.

[0028] The intrinsic region 242 of the photo sensor 240
is formed of polycrystalline silicon between the N-type
doping region 241 and the P-type doping region 243,
such that no impurities may be injected therein. The in-
trinsic region 242 generates charges according to the
incident light through its surface in order to convert the
charges into electric energy. Without intending to be
bound by theory, it is believed that the intrinsic region
242 of the photo sensor 240 increases the thickness of
adepletion layerthereof, thereby decreasing the capacity
of the photo sensor 240. Such a decrease in the electro-
static capacity of the photo sensor 240 increases the op-
eration speed and decrease the power consumption
thereof as compared to a conventional diode. Addition-
ally, the photo sensor 240 has a lower dark current, i.e.,
current flow when a photo sensor is not exposed to light,
as compared to the conventional diode.

[0029] The intrinsic region 242 is formed to have a
width of from about 3 pum to about 10 pum. Such a width
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of the intrinsic region 242 provides the photo sensor 240
with a quantum efficiency of from about 50% to about
90%. In particular and without intending to be bound by
theory, it is believed that formation of the photo sensor
240 with an intrinsic region 242 having a width of about
3 wmto about 10 wm on the first and second buffer layers
210 and 220 having specific thicknesses as described
above is advantageous in improving the quantum effi-
ciency of the photo sensor 240 due to improved pixel
aperture ratio and reduced junction areas of the N-type
and P-type doping regions 241 and 243. On the other
hand, if the intrinsic region 242 is formed to have a width
other than from about 3 um to about 10 wm, the quantum
efficiency of the red wavelength-range is below about
50%, thereby reducing a capability of controlling the pho-
to sensor 240 for the purpose of brightness enhance-
ment.

[0030] For example, as illustrated in FIG. 2, a photo
sensor formed on two buffer layers, i.e., afirstbufferlayer
having a thickness of 3000 angstroms and a second buff-
erlayer having a thickness of 300 angstroms, and having
an intrinsic layer with a width of 3 um, exhibits quantum
efficiency of about 50%. Further, an increase in the width
of the intrinsic region to 10 wm provides a quantum effi-
ciency of over 80%. On the other hand, when the intrinsic
region has a width below 3 um, the quantum efficiency
of the photo sensor is in the range of 20% to 40%.
[0031] Inthis respect, it should be noted that the X and
Y axes of the graph illustrated in FIG. 2 refer to a wave-
length-range and quantum efficiency of the photo sensor
in the red wavelength range, respectively. "Quantum ef-
ficiency" refers to a rate at which red light incident from
the organic light-emitting diode is absorbed by the photo
sensor, while the actual quantum efficiency values are
produced as aratio between (1240 X Current leaving the
device in amperes) and (wavelength X power used in
watts).

[0032] Accordingly, if an anode voltage is applied to
the P-type doping region 243 and a cathode voltage is
applied to the N-type doping region 241, the intrinsic re-
gion 242 becomes fully depleted, thereby generating
charges by absorbing light signals, from the organic light-
emitting diode 260 and converting them into electrical
signals. The electrical signals generated by the photo
sensor 240 in response to the absorbed light signals may
represent actual brightness values of the organic light-
emitting diode 260 and be compared to a predetermined
brightness reference value. Any deviation of the actual
brightness values from the predetermined brightness ref-
erence value may be controlled by the photo sensor 240,
thereby facilitating constant brightness output from the
organic light-emitting diode 260, i.e., light generated by
the light emitting layer 262.

[0033] More specifically, for example, electric signals
generated by the photo sensor 240, i.e., signals repre-
senting actual brightness values, can be supplied to a
signal processing part and, subsequently, to a gamma
compensating part in order to perform a predetermined
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gamma revision and to generate a standard voltage cor-
responding to each gradation level. The standard voltage
corresponding to each gradation level can be applied to
a data signal generator to generate a data signal to be
applied to respective datalines. Alternatively, electric sig-
nals generated by the photo sensor 240 can be supplied
to a controller, so that the controller may output a respec-
tive control signal for controlling the brightness of the light
emitting layer 262 with respect to the internal red light
thereof.

[0034] The illustrated embodiment of a light-emitting
display device 20 according to the present invention also
includes a planarization layer 250. The planarization lay-
er 250 is formed on the thin film transistor 230 by depos-
iting a layer of an oxide, e.g., silicon oxide (SiO,) or a
nitride, e.g., silicon nitride (SiNx). In particular, the
planarization layer 250 is positioned between the thin film
transistor 230 and the organic light emitting diode 260,
and a portion of the planarization layer 250 is etched to
expose one of the source and drain electrodes 233 in
order to provide a connection between the thin film tran-
sistor 230 and the organic light emitting diode 260.
[0035] The light-emitting display device 20 also in-
cludes a pixel defining film 270. The pixel defining film
270 is formed on the planarization layer 250, such that
the pixel defining film 270 includes an opening part (not
shown) to atleast partially expose the first electrode layer
261 of the organic light emitting diode 260. In particular,
portions of the pixel defining film 270 are positioned be-
tween the first and second electrode layers 261 and 263
of the organic light emitting diode 260. The pixel defining
film 270 is made of an organic insulation material, e.g.,
acrylic organic compounds, polyamides, polyimides, and
so forth.

[0036] Inanotherembodimentofthe presentinvention,
illustrated in FIG. 3, an organic light-emitting display de-
vice 30 includes a substrate 300 having a non-pixel re-
gion D and a pixel region E, a first buffer layer 310 and
a second buffer layer 320 on the substrate 300, a thin
film transistor 330 on the second buffer layer 320, an
organic light-emitting diode 360 electrically connected to
the thin film transistor 330, and a photo sensor 340. The
structures of the substrate 300, the thin film transistor
330, and the organic light-emitting diode 360 are similar
to the structures of the substrate 200, the thin film tran-
sistor 230, and the organic light-emitting diode 260 de-
scribed previously with respect to FIG. 1 and, therefore,
their detailed description will not be repeated hereinafter.
[0037] The first buffer layer 310 of the light-emitting
display device 30 is formed on the substrate 300. The
first buffer layer 310 is made of silicon oxide (SiO,) to a
thickness of from about 700 angstroms to about 900 ang-
stroms. The second buffer layer 320 is made by depos-
iting silicon nitride (SiNx) on the first buffer layer 310 to
a thickness of from about 100 angstroms to about 300
angstroms. Without intending to be bound by theory, it
is believed the control of the thickness of the first buffer
layer 310 and the second buffer layer 320 facilitates con-
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trol of the red light emitted from the organic light-emitting
diode 360 and absorbed by the photo sensor 340, thereby
achieving a quantum efficiency rate of from about 50%
to about 90%. Similarly to the first and second buffer lay-
ers 210 and 220, the first buffer layer 310 and the second
buffer layer 320 minimize diffusion of impurities into the
thin film transistor 330 and the photo sensor 340 during
post-processing.

[0038] The photo sensor 340 of the light-emitting dis-
play device 30 according to the present invention is sim-
ilar to the photo sensor 240 described previously with
respect to FIG. 1 with the exception that the intrinsic re-
gion 342 of the photo sensor 340 has a width of from
about 4 um to about 10 pm. Similarly to the embodiment
described previously with respect to FIGS. 1-2, such a
width of the intrinsic region 342 provides the photo sensor
340 with a quantum efficiency of from about 50% to about
90%, when it is formed on buffer layers having specific
thicknesses as described above.

[0039] For example, as illustrated in FIG. 4, a photo
sensor formed on two buffer layers, i.e., afirstbuffer layer
having a thickness of 800 angstroms and a second buffer
layer having a thickness of 200 angstroms, and having
an intrinsic layer with a width of 4 um, exhibits quantum
efficiency of about 50%. Further, an increase in the width
of the intrinsic region to 10 wm may provide quantum
efficiency of about 60% to about 80%. On the other hand,
when the intrinsic region had a width below 4 pm, the
quantum efficiency of the photo sensor is in the range of
10% to 40%.

[0040] In yet another embodiment of the present in-
vention, illustrated in FIG. 5, an organic light-emitting dis-
play device 40 includes a substrate 400 having a non-
pixel region H and a pixel region G, a first buffer layer
410 and a second buffer layer 420 on the substrate 400,
a thin film transistor 430 on the second buffer layer 420,
an organic light-emitting diode 460 electrically connected
to the thin film transistor 430, and a photo sensor 440.
The structures of the substrate 400, the thin film transistor
430, and the organic light-emitting diode 460 are similar
to the structures of the substrate 200, the thin film tran-
sistor 230, and the organic light-emitting diode 260 de-
scribed previously with respect to FIG. 1, and therefore,
their detailed description will not be repeated hereinafter.
[0041] The first and second buffer layers 410 and 420
of the light-emitting display device 40 are similar to the
firstand second buffer layers 210 and 220 described pre-
viously with respect to FIG. 1 with the exception that a
thickness of the first buffer layer 410 is be from about
700 angstroms to about 900 angstroms, and a thickness
of the second buffer layer 420 is from about 300 ang-
stroms to about 500 angstroms.

[0042] The photo sensor 440 of the light-emitting dis-
play device 40 according to the present invention is sim-
ilar to the photo sensor 240 described previously with
respect to FIG. 1 with the exception that the intrinsic re-
gion 442 of the photo sensor 440 has a width of from
about 5 um to about 10 pwm. Similarly to the embodiment
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described previously with respect to FIGS. 1-2, such a
width of the intrinsic region 442 may provide the photo
sensor 440 with a quantum efficiency of from about 50%
to about 90%, when it is formed on buffer layers having
specific thicknesses as described above.

[0043] For example, as illustrated in FIG. 6, a photo
sensor formed on two buffer layers, i.e., afirst buffer layer
having a thickness of 800 angstroms and a second buffer
layer having a thickness of 400 angstroms, and having
an intrinsic layer with a width of 5 um, exhibits quantum
efficiency of almost60%. Further, anincrease in the width
of the intrinsic region to 10 wm may provide quantum
efficiency of almost 80%. On the other hand, when the
intrinsic region had a width below 4 pm, the quantum
efficiency of the photo sensor is in the range of 15% to
40%.

[0044] As illustrated in FIGS. 7-8, the organic light-
emitting display devices previously described with re-
spectto FIGS. 1-6 may be employed in any portable elec-
tronic apparatus, e.g., a cellular phone, a lap-top type
computer, adigital camera, a personal multimedia player
(PMP), and so forth.

[0045] As described above, the present invention is
advantageous in providing an organic light-emitting dis-
play device having a photo sensor capable of absorbing
light in the red wavelength range at an enhanced quan-
tum efficiency of from about 50% to about 95% and con-
trolling the brightness of the organic light-emitting display
device accordingly. Such enhanced quantum efficiency
may be achieved by controlling the thickness of the buffer
layers formed between the photo sensor and the sub-
strate and the width of the intrinsic region of the photo
sensor. As such, the present invention may advanta-
geously minimize brightness and image quality wear due
to organic layer deterioration, thereby enhancing current
flow into pixels and improving overall quality of the or-
ganic light-emitting display.

[0046] Embodiments of the present invention have
been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose
of limitation.

Claims

1. An organic light-emitting display device (20), com-
prising:

a substrate (200);

a first buffer layer (210) on the substrate (200),
the first buffer layer including silicon oxide;

a second buffer layer (220) on the first buffer
layer (210), the second buffer layer including sil-
icon nitride;

a thin film transistor (230) on the second buffer
layer (220);

an organic light-emitting diode (260) electrically
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connected with the thin film transistor (230); and
a photo sensor (240) with an intrinsic region
(242) on the second buffer layer (220), wherein
the first buffer layer (210) has a thickness of from
2900 angstroms to 3100 angstroms, the second
buffer layer (220) has a thickness of from 200
angstroms to 400 angstroms, and the intrinsic
region (242) has a width of from 3 pum to 10 pm
such that the photo sensor (240) is capable of
absorbing red light from the organic light-emit-
ting diode (260) and of exhibiting quantum effi-
ciency of from 50% to 90%.

An organic light-emitting display device (20) as
claimed in claim 1, wherein the first buffer layer (210)
has a thickness of 3000 angstroms and the second
buffer layer (220) has a thickness of 300 angstroms.

An organic light-emitting display device (30), com-
prising:

a substrate (300);’

a first buffer layer (310) on the substrate (300),
the first buffer layer including silicon oxide;

a second buffer layer (320) on the first buffer
layer (310), the second buffer layer including sil-
icon nitride;

a thin film transistor (330) on the second buffer
layer (320);

an organic light-emitting diode (360) electrically
connected with the thin film transistor (330); and
a photo sensor (340) with an intrinsic region
(342) on the second buffer layer (320), wherein
the first buffer layer (310) has a thickness of from
700 angstroms to 900 angstroms, the second
buffer layer (320) has a thickness of from 100
angstroms to 300 angstroms, and the intrinsic
region (342) has a width of from 4 pm to 10pum
such that the photo sensor (340) is capable of
absorbing red light from the organic light-emit-
ting diode and of exhibiting quantum efficiency
of from 50% to 90%.

An organic light-emitting display device (30) as
claimed in claim 3, wherein the first buffer layer (310)
has a thickness of 800 angstroms and the second
buffer layer (320) has a thickness of 200 angstroms.

An organic light-emitting display device (40), com-
prising:

a substrate (400);

a first buffer layer (410) on the substrate (400),
the first buffer layer including silicon oxide;

a second buffer layer (420) on the first buffer
layer (410), the second buffer layer including sil-
icon nitride;

a thin film transistor (430) on the second buffer
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10.

1.

12.

layer (420);

an organic light-emitting diode (460) electrically
connected with the thin film transistor (430); and
a photo sensor (440) with an intrinsic region
(442) on the second buffer layer (420), wherein
thefirst bufferlayer (410) has a thickness of from
700 angstroms to 900 angstroms, the second
buffer layer (420) has a thickness of from 300
angstroms to 500 angstroms, and the intrinsic
region (442) has a width of from 5 pm to 10 pm
such that the photo sensor (440) is capable of
absorbing red light from the organic light-emit-
ting diode (460) and of exhibiting quantum effi-
ciency of front 50% to 90%.

An organic light-emitting display device (40) as
claimed in claim 5, wherein the first buffer layer (410)
has a thickness of 800 angstroms and the second
buffer layer (420) has a thickness of 400 angstroms.

An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein a gate
insulting layer (280, 380, 480) is disposed on the
second buffer layer, a portion of the gate insulating
layer (280, 380, 480)being positioned between the
thin film transistor (230, 330, 430) and the photo sen-
sor (240, 340, 440).

An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the in-
trinsic region (242, 342, 442) of the photo sensor
(240, 340, 440) is between a N-type doping region
(241, 341, 441) and a P-type doping region (243,
343, 443),and wherein the intrinsic region (242, 342,
442), the N-type doping region. (241, 341, 441) and
the P-type doping region (243, 343, 443) are on a
same plane second buffer layer.

An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the photo
sensor (240, 340, 440) is capable of converting the
absorbed red light into electrical signals.

An organic light-emitting display device (20, 30, 40)
as claimed in claim 9, wherein the electrical signals
are capable of controlling brightness of the light-emit-
ted from the organic tight-emitting diode (260, 360,
460).

An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the ab-
sorbed red light has a wavelength of from 645 nm to
700 nm.

An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the photo
sensor (240, 340, 440) includes amorphous silicon.
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13. An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the or-
ganic light-emitting diode (260, 360, 460) includes a
transparent anode.

14. An organic light-emitting display device (20, 30, 40)
as claimed in any preceding claim, wherein the or-
ganic light-emitting diode (260, 360, 460) is a rear-
type organic light-emitting diode.

15. A portable electronic apparatus (700, 800), compris-
ing an organic light-emitting display device (20, 30,
40) as set out in any preceding claim.

Patentanspriiche

1. Organische lichtemittierende Anzeigevorrichtung
(20), umfassend:

ein Substrat (200);

eine erste Pufferschicht (210) auf dem Substrat
(200), wobei die erste Pufferschicht Siliziumoxid
aufweist;

eine zweite Pufferschicht (220) auf der ersten
Pufferschicht (210), wobei die zweite Puffer-
schicht Siliziumnitrid aufweist;

einen Dunnfilmtransistor (230) auf der zweiten
Pufferschicht (220);

eine organische lichtemittierende Diode (260),
die mit dem Dinnfilmtransistor (230) elektrisch
verbunden ist; und

einen Fotosensor (240) mit einem eigenleiten-
den Bereich (242) auf der zweiten Pufferschicht
(220), wobei die erste Pufferschicht (210) eine
Dicke von 2900 Angstrom bis 3100 Angstrom
hat, die zweite Pufferschicht (220) ein Dicke von
200 Angstrém bis 400 Angstrdm hat und der ei-
genleitende Bereich (242) eine Breite von 3 pm
bis 10 pm hat, so dass der Fotosensor (240)
rotes Licht von der organischen lichtemittieren-
den Diode (260) absorbieren und eine Quanten-
ausbeute von 50% bis 90% aufweisen kann.

2. Organische lichtemittierende Anzeigevorrichtung
(20) nach Anspruch 1, wobei die erste Pufferschicht
(210) eine Dicke von 3000 Angstrom hat und die
zweite Pufferschicht (220) eine Dicke von 300 Ang-
strém hat.

3. Organische lichtemittierende Anzeigevorrichtung
(30), umfassend:

ein Substrat (300);

eine erste Pufferschicht (310) auf dem Substrat
(300), wobei die erste Pufferschicht Siliziumoxid
aufweist;

eine zweite Pufferschicht (320) auf der ersten
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Pufferschicht (310), wobei die zweite Puffer-
schicht Siliziumnitrid aufweist;

einen Dinnfilmtransistor (330) auf der zweiten
Pufferschicht (320);

eine organische lichtemittierende Diode (360),
die mit dem Dinnfilmtransistor (330) elektrisch
verbunden ist; und

einen Fotosensor (340) mit einem eigenleiten-
den Bereich (342) auf der zweiten Pufferschicht
(320), wobei die erste Pufferschicht (310) eine
Dicke von 700 Angstrom bis 900 Angstrém hat,
die zweite Pufferschicht (320) ein Dicke von 100
Angstrém bis 300 Angstrém hat und der eigen-
leitende Bereich (342) eine Breite von 4 pm bis
10 wm hat, so dass der Fotosensor (340) rotes
Licht von der organischen lichtemittierenden Di-
ode absorbieren und eine Quantenausbeute
von 50% auf 90% aufweisen kann.

4. Organische lichtemittierende Anzeigevorrichtung

(30) nach Anspruch 3, wobei die erste Pufferschicht
(310) eine Dicke von 800 Angstrém hat und die zwei-
te Pufferschicht (320) eine Dicke von 200 Angstrém
hat.

Organische lichtemittierende Anzeigevorrichtung
(40), umfassend:

ein Substrat (400);

eine erste Pufferschicht (410) auf dem Substrat
(400), wobei die erste Pufferschicht Siliziumoxid
aufweist;

eine zweite Pufferschicht (420) auf der ersten
Pufferschicht (410), wobei die zweite Puffer-
schicht Siliziumnitrid aufweist;

einen Dinnfilmtransistor (430) auf der zweiten
Pufferschicht (420);

eine organische lichtemittierende Diode (460),
die mit dem Dinnfilmtransistor (430) elektrisch
verbunden ist; und

einen Fotosensor (440) mit einem eigenleiten-
den Bereich (442) auf der zweiten Pufferschicht
(420), wobei die erste Pufferschicht (410) eine
Dicke von 700 Angstrom bis 900 Angstrém hat,
die zweite Pufferschicht (420) ein Dicke von 300
Angstrém bis 500 Angstrém hat und der eigen-
leitende Bereich (442) eine Breite von 5 um bis
10 wm hat, so dass der Fotosensor (440) rotes
Licht von der organischen lichtemittierenden Di-
ode (460) absorbieren und eine Quantenaus-
beute von 50% auf 90% aufweisen kann.

6. Organische lichtemittierende Anzeigevorrichtung

(40) nach Anspruch 5, wobei die erste Pufferschicht
(410) eine Dicke von 800 Angstrém hat und die zwei-
te Pufferschicht (420) eine Dicke von 400 Angstrém
hat.
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Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach einem der vorhergehenden An-
spriiche, wobei eine Gate-Isolierschicht (280, 380,
480) auf der zweiten Pufferschicht angeordnet ist,
wobei ein Abschnitt der Gate-Isolierschicht (280,
380, 480) zwischen dem Dinnfilmtransistor (230,
330, 430) und dem Fotosensor (240, 340, 440) po-
sitioniert ist.

Organische lichtemittierende Anzeigevorrichtung
(20, 30,40) nach einem der vorhergehenden Anspri-
che, wobei der eigenleitende Bereich (242, 342,442)
des Fotosensors (240, 340, 440) sich zwischen ei-
nem n-dotierten Bereich (241, 341, 441) und eine p-
dotierten Bereich (243, 343, 443) befindet und wobei
der eigenleitende Bereich (242, 342, 442), der n-do-
tierte Bereich (241, 341, 441) und der p-dotierte Be-
reich (243, 343, 443) sich auf der zweiten Puffer-
schicht in gleicher Ebene befinden.

Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach einem der vorhergehenden An-
spriiche, wobei der Fotosensor (240, 340, 440) das
absorbierte rote Licht in elektrische Signale umwan-
deln kann.

Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach Anspruch 9, wobei die elektrischen
Signale die Helligkeit des von der organischen lich-
temittierenden Diode (260, 360, 460) emittierten
Lichts steuern kdnnen.

Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach einem der vorhergehenden An-
spriiche, wobei das absorbierte rote Licht eine Wel-
lenldnge von 645 nm bis 700 nm aufweist.

Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach einem der vorhergehenden An-
spriiche, wobei der Fotosensor (240, 340, 440)
amorphes Silizium aufweist.

Organische lichtemittierende Anzeigevorrichtung
(20, 30, 40) nach einem der vorhergehenden An-
spriiche, wobei die organische lichtemittierende Di-
ode (260, 360, 460) eine transparente Anode auf-
weist.

Organische lichtemittierende Anzeigevorrichtung
(20, 30: 40) nach einem der vorhergehenden An-
spriiche, wobei die organische lichtemittierende Di-
ode (260, 360, 460) eine riickseitige organische lich-
temittierende Diode ist.

Tragbare elektronische Vorrichtung (700, 800), um-
fassend eine organische lichtemittierende Anzeige-
vorrichtung (20, 30, 40) nach einem der vorherge-
henden Anspriiche.
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Revendications

1.

2,

Dispositif d’affichage électroluminescent organique
(20), comprenant :

un substrat (200) ;

une premiére couche tampon (210) sur le subs-
trat (200), la premiére couche tampon compre-
nant de I'oxyde de silicium ;

une deuxiéme couche tampon (220) sur la pre-
miére couche tampon (210), la deuxiéme cou-
che tampon comprenant du nitrure de silicium ;
un transistor a couche mince (230) surladeuxié-
me couche tampon (220) ;

une diode électroluminescente organique (260)
électriquement connectée au transistor a cou-
che mince (230) ; et

un photocapteur (240) avec une région intrinse-
que (242) surladeuxiéme couche tampon (220),
dans lequel la premiére couche tampon (210) a
une épaisseur de 2900 angstréms a 3100 angs-
trdms, la deuxiéme couche tampon (220) ayant
une épaisseur de 200 angstrdms a 400 angs-
trdms, et la région intrinséque (242) a une lar-
geur de 3 um a 10 um de sorte que le photo-
capteur (240) soit capable d’absorber une lu-
miére rouge provenant de la diode électrolumi-
nescente organique (260) et de présenter un
rendement quantique de 50 % a 90 %.

Dispositif d’affichage électroluminescent organique
(20) selonlarevendication 1, dans lequella premiére
couche tampon (210) a une épaisseur de 3000 angs-
troms et la deuxieme couche tampon (220) a une
épaisseur de 300 angstréms.

Dispositif d’affichage électroluminescent organique
(30), comprenant :

un substrat (300) ;

une premiére couche tampon (310) sur le subs-
trat (300), la premiére couche tampon compre-
nant de I'oxyde de silicium ;

une deuxiéme couche tampon (320) sur la pre-
miére couche tampon (310), la deuxiéme cou-
che tampon comprenant du nitrure de silicium ;
un transistor a couche mince (330) surladeuxie-
me couche tampon (320) ;

une diode électroluminescente organique (360)
électriquement connectée au transistor a cou-
che mince (330) ; et

un photocapteur (340) avec une région intrinse-
que (342) surladeuxiéme couche tampon (320),
dans lequel la premiére couche tampon (310) a
une épaisseur de 700 angstrédms a 900 angs-
trdms, la deuxiéme couche tampon (320) a une
épaisseur de 100 angstréms a 300 angstréms,
et la région intrinséque (342) a une largeur de
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4 uma 10 pmde sorte que le photocapteur (340)
soit capable d’absorber une lumiére rouge pro-
venant de la diode électroluminescente organi-
que et de présenter un rendement quantique de
50 % a 90 %.

Dispositif d’affichage électroluminescent organique
(30) selon larevendication 3, dans lequel la premiéere
couche tampon (310) a une épaisseur de 800 angs-
troms et la deuxiéme couche tampon (320) a une
épaisseur de 200 angstréms.

Dispositif d’affichage électroluminescent organique
(40), comprenant :

un substrat (400) ;

une premiére couche tampon (410) sur le subs-
trat (400), la premiére couche tampon compre-
nant de I'oxyde de silicium ;

une deuxiéme couche tampon (420) sur la pre-
miére couche tampon (410), la deuxiéme cou-
che tampon comprenant du nitrure de silicium ;
untransistor a couche mince (430) sur la deuxie-
me couche tampon (420) ;

une diode électroluminescente organique (460)
électriguement connectée au transistor a cou-
che mince (430) ; et

un photocapteur (440) avec une région intrinse-
que (442) surladeuxieme couche tampon (420),
dans lequel la premiere couche tampon (410) a
une épaisseur de 700 angstréms a 900 angs-
trdms, la deuxiéme couche tampon (420) a une
épaisseur de 300 angstréms a 500 angstréms
et la région intrinseque (442) a une largeur de
5pma 10 um de sorte que le photocapteur (440)
soit capable d’absorber une lumiére rouge pro-
venant de la diode électroluminescente organi-
que (460) et de présenter un rendement quan-
tique de 50 % a 90 %.

Dispositif d’affichage électroluminescent organique
(40) selon larevendication 5, dans lequel la premiere
couche tampon (410) a une épaisseur de 800 angs-
troms et la deuxiéme couche tampon (420) a une
épaisseur de 400 angstréms.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel une couche isolante
degrille (280, 380, 480) estdisposée surladeuxieme
couche tampon, une partie de la couche isolante de
grille (280, 380, 480) étant positionnée entre le tran-
sistor a couche mince (230, 330, 430) et le photo-
capteur (240, 340, 440).

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel la région intrinséque
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10.

1.

12.

13.

14.

15.

(242, 342, 442) du photocapteur (240, 340, 440) est
entre une région de dopage de type N (241, 341,
441) et une région de dopage de type P (243, 343,
443), et dans lequel la région intrinséque (242, 342,
442), la région de dopage de type N (241, 341, 441)
et la région de dopage de type P (243, 343, 443)
sont sur une méme deuxiéme couche tampon plane.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel le photocapteur (240,
340, 440) est capable de convertir la lumiere rouge
absorbée en signaux électriques.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon la revendication 9, dans lequel les
signaux électriques sont capables de contréler la lu-
minosité de la lumiére émise par la diode électrolu-
minescente organique (260, 360, 460).

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel la lumiére rouge ab-
sorbée a une longueur d’'onde 645 nm a 700 nm.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel le photocapteur (240,
340, 440) comprend du silicium amorphe.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel la diode électrolumi-
nescente organique (260, 360, 460) comprend une
anode transparente.

Dispositif d’affichage électroluminescent organique
(20, 30, 40) selon 'une quelconque des revendica-
tions précédentes, dans lequel la diode électrolumi-
nescente organique (260, 360, 460) est une diode
électroluminescente organique de type arriére.

Appareil électronique portable (700, 800), compre-
nant un dispositif d’affichage électroluminescent or-
ganique (20, 30, 40) selon 'une quelconque des re-
vendications précédentes.
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