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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to organic light-
emitting displays. In particular, the present invention re-
lates to an organic light-emitting display having a photo
sensor capable of providing improved luminance control
thereof.

2. Description of the Related Art

[0002] In general, an organic light-emitting display is
a flat display device where voltage may be applied to a
plurality of layers interposed between two electrodes, i.e.,
an anode and a cathode, to combine electrons and holes
to form images. More particularly, the conventional or-
ganic light-emitting display may include a hole injection
layer, a hole transport layer, at least one organic light-
emitting layer, an electron injection layer, and an electron
transport layer. Accordingly, holes may be injected into
the hole injection layer from the anode electrode and
transported into the organic light-emitting layer through
the hole transport layer. Similarly, electrons from the
cathode may be injected into the electron injection layer
and transported to the organic light-emitting layer through
the electron transport layer. The transported holes and
electrons may be combined with one another in the or-
ganic light-emitting layer to form excitons, and thereby,
emit visible light.

[0003] Such aconventional organic light emitting layer
of the organic light-emitting display may deteriorate over
time and, thereby, reduce display luminance. In other
words, once the organic light-emitting layer deteriorates,
the brightness of light emitted from the organic light emit-
ting layer may deviate from the required brightness value,
thereby reducing the image quality of the organic light
emitting display and its overall lifespan. Attempts have
been made to improve the brightness of the organic light-
emitting display device by incorporating a photo diode
therein, such that a constant electric signal from the photo
diode may trigger constant luminance from the organic
light-emitting display, regardless of the deterioration
state of the organic light-emitting layer. However, a con-
ventional photo diode may have a limited electric signal
output, thereby limiting the luminance control efficiency,
i.e., reducing the luminance adjustment range.

[0004] Accordingly, there exists a need for an organic
light-emitting display device with a photo diode capable
of controlling luminance thereof by efficient electric sig-
nals.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the invention there
is provided a photosensot according to Claim 1. Preferred
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features of this aspect are set out in Claims 2-7.

[0006] According to a second aspect of the invention
there is provided an organic light-emitting display accord-
ing to Claim 8. Preferred features of this aspect are set
out in Claims 9 and 10.

[0007] Accordingtoathird aspectofthe inventionthere
is provided a portable electronic apparatus according to
Claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The above and other features and advantages
of the present invention will become more apparent to
those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the
attached drawings, in which:

[0009] FIG. 1 illustrates a plan view of a photo sensor
according to an embodiment of the present invention;
[0010] FIG. 2 illustrates a cross-sectional view of an
organic light-emitting display having the photo sensor il-
lustrated in FIG. 1;

[0011] FIG. 3illustrates a plan view of an organic light-
emitting display having the photo sensor illustrated in
FIG. 1;

[0012] FIG. 4 illustrates a plan view of a photo sensor
according to another embodiment of the present inven-
tion;

[0013] FIG. 5 illustrates a cross-sectional view of an
organic light-emitting display having the photo sensor il-
lustrated in FIG. 4;

[0014] FIG. 6illustrates a plan view of an organic light-
emitting display having the photo sensor illustrated in
FIG. 4;

[0015] FIG. 7 illustrates a perspective view of an ex-
emplary portable electronic device having an organic
light-emitting display 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 exemplary embodiments of the
invention are illustrated. The invention may, however, 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 disclosure
will be thorough and complete, and will fully convey 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
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
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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 a photo sensor
according to the present invention will be described in
more detail below with reference to FIG. 1. As illustrated
in FIG. 1, a photo sensor 230 according to an embodi-
ment of the present invention may include a plurality of
photo diodes 230A, i.e., at least two photo diodes 230A.
Each photo diode 230A may have a first region 231 and
a second region 232, such that the first and second re-
gions 231 and 232 may be adjacent to one another.
[0019] In particular, each photo diode 230A may be
formed of amorphous silicon and crystallized by a pre-
determined thermal treatment, i.e., any appropriate heat
treatment of amorphous silicon material as determined
by a person skilled in the art, to form a polycrystalline
silicon. Next, a high concentration of N-type impurity ions
may be implanted in the polycrystalline silicon of the first
region 231 to form an N-type doping region 231, and a
high concentration of P-type impurity ions may be im-
planted in the polycrystalline silicon of the second region
232 to form a P-type doping region 232. Accordingly,
each photo diode 230A may be a PN-type photo diode,
i.e., an N-type doping region 231 and a P-type doping
region, while the N-type and P-type doping regions 231
and 232 may be positioned on a same plane, adjacent
to one another.

[0020] In general, a current amount flowing through a
photo diode may be proportional to an area of a photo
diode when a current density is constant. In other words,
and with respect to equation (1) below, the greater an
area of a photo diode, the higher a current amount
through it.

[4=JxA (1)

where |4 is an electric current, J is a current density, and
A is an area of the photo diode. However, formation of a
photo diode in an organic light emitting display may re-
strict the area thereof.

[0021] Accordingly, the plurality of photo diodes 230A
of the photo sensor 230 may be connected to one another
in parallel, such that a total area of the photo sensor 230
and the current therethrough may be increased, while
the current value through each individual photo diode
230A may remain constant. Such a structure of photo
diodes may facilitate current control through the photo
sensor 230 and, thereby, enhance the control of electric
signals, i.e., range of output current or voltage, generated
by the photo sensor 230. In particular, when an anode
voltage is applied to the P-type doping region 232 of the
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photo diodes 230A, and a cathode voltage is applied to
the N-type doping region 231 of the photo diodes 230A,
a junction therebetween may become fully depleted,
such that charges may be produced in response to light
incident through a surface of the depletion region. The
plurality of photo diodes 230A may output an electrical
signal with respect to the produced charges and propor-
tionately to the density of the light.

[0022] An embodiment of the photo sensor 230 in an
organic light-emitting display will be described in more
detail with respect to FIGS. 2-3. As illustrated in FIGS.
2-3, an organic light-emitting display 20 includes a sub-
strate 200, a thin film transistor 220, an organic light-
emitting diode 250, and a photo sensor 230.

[0023] The substrate 200 may be made of any insulat-
ing material, e.g., glass, plastic, silicon, synthetic resin,
and so forth, as determined by one of ordinary skill in the
art. Preferably the substrate 200 may be transparent,
e.g., a glass substrate. Additionally, the substrate 200
may be formed to have a pixel region A and a non-pixel
region B therein, as illustrated in FIGS. 2-3, such that the
pixel region A includes a central region of the substrate
200 that is capable of displaying images, e.g., an area
including the organic light emitting diode 250, and the
non-pixel region B includes a peripheral region of the
substrate 200 surrounding the pixel region A that is not
capable of displaying images, i.e., regions other than the
pixel region A.

[0024] The thin film transistor 220 of the organic light-
emitting display 20 is formed in the pixel region A of the
substrate 200 by crystallizing an amorphous silicon layer
into a low temperature polysilicon (LTPS) via, for exam-
ple, laser irradiation. The thin film transistor 220 includes
a semiconductor layer 221, a gate electrode 222 with a
predetermined pattern, and source/drain electrodes 223,
wherein agate insulating layer 221 ais disposed between
the semiconductor layer 221 and the gate electrode 222
on the semiconductor layer 221 and an inter-dielectric
layer 222a is disposed between the gate electrode 222
and the source/drain electrode 223. The gate insulating
layer 221a is deposited on the substrate 200 and over
the semiconductor layer 221 and the photo diode 220,
as illustrated in FIG. 2, such that a portion of the gate
insulating layer 221a is positioned on the substrate 200
between the semiconductor layer 221 of the thin film tran-
sistor 220 and the photo sensor 230 to separate there-
between. The source/drain electrodes 223 are disposed
over the inter-dielectric layer 222a and are electrically
connected with both sides of the semiconductor layer
221 via a contact hole 123a formed through the gate in-
sulating layer 221a and the inter-dielectric layer 222a.
[0025] The organic light-emitting diode 250 of the light-
emitting display device 20 is formed on the substrate 200
andinclude afirst electrode layer 251, a second electrode
layer 253, and a light emitting layer 252 therebetween.
The organic light-emitting diode 250 is electrically con-
nected to the thin film transistor 220, i.e., any one of the
source and drain electrodes 223, via a hole.
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[0026] The first electrode layer 251 of the organic light-
emitting diode 250 may be made of any suitable trans-
parent conductor, e.g., indium-tin-oxide (ITO), indium-
zinc-oxide (1Z0), zinc oxide (ZnO), and so forth. The sec-
ond electrode layer 253 of the organic light-emitting diode
250 may be formed on the first electrode layer 251. The
light emitting layer 252 of the organic light-emitting diode
250 is formed between the first and second electrode
layers 251 and 253, respectively. In particular, the light
emitting layer 252 may be formed to partially expose the
first electrode layer 251. Further, the light emitting layer
252 may include a hole injecting layer, a hole transport
layer, an electron transport layer and an electron injecting
layer. Accordingly, the light emitting layer 252 may gen-
erate light when holes and electron injected from the first
and second electrode layers 251 and 253, respectively,
are coupled therein.

[0027] The photo sensor 230 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 may be a semiconductor de-
vice having an optical detecting function, e.g., a plurality
of photo diodes with a light detecting function at a junction
thereof. In other words, because electrons or holes may
be generated by means of absorption of photons, and,
therefore, a conductivity of a plurality of photo diodes
may be modulated with respect to a light signal detected
therein, a plurality of photo diodes functioning as a photo
sensor may convert light signals into electrical signals
with respect to changes of current flow therein as related
to optical changes.

[0028] Accordingly, the photo sensor 230 may be iden-
tical to the photo sensor 230 previously described with
respectto FIG. 1, and therefore, its detailed structure and
operation with respect to the N-type doping region 231
and P-type doping region 232 will not be repeated herein.
The photo sensor 230 may include a plurality of photo
diodes 230A formed of amorphous silicon in the non-pixel
region B of the substrate 200, as illustrated in FIGS. 2-3,
and crystallized as polycrystalline silicon through a pre-
determined heat treatment, i.e., any appropriate heat
treatment of amorphous silicon material as determined
by a person skilled in the art.

[0029] In particular, formation of the plurality of photo
diodes 230A may be restricted in the non-pixel region B
in terms of space. Therefore, according to an exemplary
embodiment of the present invention, the plurality of pho-
to diodes 230A may be connected to one another in par-
allel, as illustrated in FIG. 3, thereby providing a constant
current value through each photo diode 230A, while hav-
ing increased photo sensor 230 area and current flow.
For example, a plurality of photo diodes 230A connected
in parallel to one another and having a total area of WXL
may include n individual photo diodes 230A, while each
individual photo diode 230A may have an area of W/nxL.
[0030] The photo sensor 230 absorbs light emitted
from the organic light-emitting diode 250 and converts it
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into electrical signals. In particular, light absorbed by the
photo sensor 230, i.e., actual luminance values of the
organic light-emitting diode 250, is compared to a pre-
determined luminance reference value. Any deviation of
the actual luminance values from the predetermined lu-
minance reference value may be controlled by the photo
sensor 230 via electrical signals, thereby facilitating con-
stant luminance output from the organic light-emitting di-
ode 250, i.e., light generated by the light emitting layer
252,

[0031] For example, electric signals generated by the
photo sensor 230 may be inputted into a comparator for
comparing actual luminance values with the predeter-
mined luminance reference value. More specifically,
when the electric signal outputted from the photo sensor
230, i.e., signals representing actual luminance values,
is lower than the predetermined luminance reference val-
ue, the comparator may generate a control signal to in-
crease the luminance of light emitted by the light-emitting
layer 252 of the organic light-emitting diode 250. Simi-
larly, when the electric signal outputted from the photo
sensor 230 is higher than the predetermined luminance
reference value, the comparator may generate a control
signal to reduce the luminance of light emitted by the
light-emitting layer 252 of the organic light-emitting diode
250. Alternatively, electric signals, i.e., electric current or
a voltage, generated by the photo sensor 230 with re-
spect to an amount of light absorbed from the organic
light-emitting diode 250 may be supplied to a controller,
so that the controller may output a respective control sig-
nal for controlling the luminance of the light-emitting layer
252 with respect to the light emitted therefrom. Accord-
ingly, the photo sensor 230 may maintain constant lumi-
nance of light generated in the light-emitting layer 252 of
the organic light-emitting diode 250.

[0032] A light-emitting display device 20 according to
an embodiment of the present invention may also include
a planarization layer 240. The planarization layer 240
may be formed on the thin film transistor 220 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 240 may be positioned between the
thin film transistor 220 and the organic light emitting diode
250, and a portion of the planarization layer 240 may be
etched to expose one of the source and drain electrodes
223 in order to provide a connection between the thin
film transistor 220 and the first electrode 251 of the or-
ganic light-emitting diode 250.

[0033] The light-emitting display device 20 according
to an embodiment of the present invention may also in-
clude a pixel defining layer 260. The pixel defining film
260 may be formed on the planarization layer 240, such
that the pixel defining film 260 may include an opening
portion (not shown) to at least partially expose the first
electrode layer 251 of the organic light emitting diode
250. In particular, the pixel defining layer 250 may be
positioned between the first and second electrode layers
251 and 253 of the organic light emitting diode 250. The
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pixel defining film 260 may be made of an organic insu-
lation material, e.g., acrylic organic compounds, polya-
mides, polyimides, and so forth.

[0034] The light-emitting display device 20 according
to an embodiment of the present invention may also in-
clude a buffer layer 210 on the substrate 200. The buffer
layer 210 may be formed of a single layer of silicon oxide
(SiO,) orsilicon nitride (SiN,), or the buffer layer 210 may
have a multi-layer structure. The buffer layer 210 may
minimize diffusion of impurities into the thin film transistor
220 and the photo diode 230 during post-processing
thereof.

[0035] In another embodiment of the present inven-
tion, illustrated in FIG. 4, a photo sensor 330 includes a
plurality of photo diodes 330A connected to one another
in parallel and having a first region 331, a second region
333, and anintrinsic region 332, such that the first region
331, the second region 333, and the intrinsic region 332
are formed on one plane and positioned adjacent to one
another, i.e., PIN-type photo diode. In particular, the in-
trinsic region 332 is positioned between the first and sec-
ondregions 331 and 333. The photo sensor 330 is formed
in a similar manner to the photo sensor 230 described
previously with respect to FIG. 1, and therefore, the de-
tailed description of forming N-type and P-type impurity
regions therein, i.e., doping regions corresponding to the
first and second regions 331 and 333, will not be repeat-
ed.

[0036] The intrinsic region 332 of each photo diode
330A of the photo sensor 330 may be formed of poly-
crystalline silicon between the N-type doping region 331
and the P-type doping region 333, such that no impurities
may be injected therein. Accordingly, when an anode
voltage is applied to the P-type doping region 333 and a
cathode voltage is applied to the N-type doping region
331 of each photo diode 330A, each respective intrinsic
region 332 may become fully depleted and, thereby, ab-
sorb internal or external light. The intrinsic region 332
generates charges with respect to the absorbed light
through its surface, and, subsequently, convert the
charges into electric signals. Without intending to be
bound by theory, it is believed that the intrinsic region
332 increases the thickness of a depletion layer of each
photo diode 3330A, thereby decreasing a capacitance
thereof. Such a decrease in capacitance of each photo
diode 330A increases the operation speed and decreas-
es the power consumption thereof, as compared to a
conventional photo sensor. Additionally, the photo sen-
sor 330 has alower dark current, i.e., a current flow when
a photo sensor is not exposed to light, as compared to
the conventional photo sensor.

[0037] Another embodiment of the photo sensor 330
in an organic light-emitting display will be described in
more detail with respect to FIGS. 5-6. As illustrated in
FIGS. 5-6, an organic light-emitting display 30 includes
a substrate 300 having a pixel region C and a non-pixel
region D, a thin film transistor 320 on the pixel region C
of the substrate 300, an organic light-emitting diode 350
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electrically connected to the thin film transistor 320, and
a photo sensor 330 having a plurality of photo diodes
330A at the non-pixel region D of the substrate 300. At
least two of the photo diodes 330A are connected to one
another in parallel, as illustrated in FIG. 6.

[0038] The organic light-emitting display 300 further
includes a buffer layer 310 deposited on the substrate
300, a planarization layer 340 deposited between the or-
ganic light emitting diode 350 and the thin film transistor
320, and a pixel defining film 360.

[0039] The structures of the substrate 300, the thin film
transistor 320, the organic light-emitting diode 350, the
buffer layer 310, the planarization layer 340, and the pixel
defining film 360 are similar to the respective structures
of the substrate 200, the thin film transistor 220, the or-
ganic light-emitting diode 250, the buffer layer 210, the
planarization layer 240, and the pixel defining film 260
described previously with respect to FIGS. 2-3 and,
therefore, their detailed description will not be repeated
hereinafter. Similarly, the structure of the photo sensor
330 are identical to the structure of the photo sensor 330
previously described with respect to FIG. 4, and there-
fore, its detailed structure and operation will not be re-
peated herein.

[0040] The organic light-emitting display device ac-
cording to the embodiments previously described with
respect to FIGS. 1-6 may be employed in any portable
apparatus, e.g., a portable phone, a digital camera, a
television, a view finder type and a monitor direct view
type video tape recorder, a car navigation device, a pag-
er, an electronic note, an electronic calculator, a word
processor, a workstation, a videophone, a POS terminal,
and any device having a touch panel.

[0041] In particular, as illustrated in FIG. 7, a portable
phone 400 may include an organic light-emitting display
panel 410 with the photo sensor (not shown) described
previously with respect to FIGS. 1 and 4, a plurality of
operation buttons 420, a receiving hole 430, and a trans-
mitting hole 440.

[0042] The embodiment of the portable phone 400 ac-
cording to the present invention illustrated in FIG. 7 is
advantageous because the photo sensor employed in
the display panel 410 minimizes the necessity of install-
ing a special opening portion for a mounting space. Fur-
ther, the photo sensor in the portable phone 400 can
detect an accurate amount of internal/external light ab-
sorbed therein, such that a displayed image may have
an enhanced luminance control in terms of its surround-
ing ambient light.

[0043] In accordance with the present invention, a
structure of a photo sensor having a plurality of photo
diodes connected to one another in parallel may be ad-
vantageous in improving luminance control of organic
light emitting layers. In particular, current values through
the photo sensor, i.e., plurality of photo diodes, may be
increased to compensate for deteriorated material of an
organic light-emitting layer and provide constant lumi-
nance. Moreover, an integration rate of the photo sensor
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is improved to increase the availability of the total design.
[0044] 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. Accordingly, it will be understood by those
of ordinary skill in the art that various changes in form
and details may be made without departing from the
scope of the presentinvention as set forth in the following
claims.

Claims

1. Aphoto sensor comprising a plurality of photo diodes
connected to one another in parallel.

2. A photo sensor according to claim 1, wherein each
photo diode is a PIN photo diode.

3. A photo sensor according to claim 2, wherein each
PIN photo diode includes an intrinsic region between
an N-type doping region and a P-type doping region.

4. A photo sensor according to claim 1, wherein each
photo diode is a PN diode.

5. A photo sensor according to claim 4, wherein each
PN photo diode includes an N-type doping region
adjacent to a P-type doping region.

6. A photo sensor according to claim 5, wherein the N-
type doping region and the P-type doping region are
on a same plane.

7. A photo sensor according to any one of claims 1 to
5, wherein the plurality of photo diodes are capable
of absorbing external light and outputting a corre-
sponding electric signal.

8. An organic light-emitting display, comprising:

a substrate having a pixel region and a non-pixel
region;

a thin film transistor on the substrate;

an organic light-emitting diode electrically con-
nected to the thin film transistor; and

a photo sensor according to any one of claims
1to07.

9. An organic light-emitting display according to claim
8, wherein the photo sensor is positioned on the non-
pixel region of the substrate.

10. A organic light-emitting display according to claim 8
or 9, wherein the photo sensor is capable of receiving
light from the organic light-emitting diode and gen-
erate a corresponding electric signal.
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11. A portable electronic apparatus, comprising an or-
ganic light-emitting display device according to any
one of claims 8 to 10.
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