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Description

[0001] The presentinvention relates to a light emitting
display device and a method of fabricating the same.
More particularly, embodiments of the present invention
relate to a light emitting display device with a photo diode
and to a method of fabricating the same.

[0002] A light emitting display device may include a
light emitting diode (LED) that emits visible light to display
images. The LED, however, may have high power con-
sumption due to a constant luminance value thereof re-
gardless of changes in ambient light. Therefore, attempts
have been made to use a photo diode (PD) to control
luminance of the LED. The PD may convert light energy,
e.g., light emitted from the LED or ambient light, into an
electrical signal, e.g., electric current or voltage, by gen-
erating electrons or holes in accordance with an optical
absorption, e.g., intensity of light.

[0003] Theconventional PD inthe lightemitting display
device, however, may include anintrinsic region between
aregion doped with P-type impurities and a region doped
with N-type impurities, i.e., a PIN structure. Use of both
P-type and N-type impurities in the PD may require use
of multiple masks to form the PD. Further, additional
masks may be required to form both the PD and a thin
film transistor (TFT) of the light emitting display device
with both P-type and N-type impurities. Accordingly,
manufacturing costs and processes of the light emitting
display device may be increased.

[0004] Embodiments of the present invention are
therefore directed to a light emitting display device and
a method of fabricating the same, which substantially
overcome one or more of the disadvantages and short-
comings of the related art.

[0005] Itis therefore afeature of an embodiment of the
present invention to provide a light emitting display de-
vice with a PD having a simplified structure.

[0006] Itistherefore another feature of an embodiment
of the present invention to provide a light emitting display
device with a PD having increased light sensitivity.
[0007] It is yet another feature of an embodiment of
the present invention to provide a method of fabricating
a light emitting display device with a PD having one or
more of the above features.

[0008] At least one of the above and other features
and advantages of the present invention may be realized
by providing a light emitting display device, including a
light emitting diode and a thin film transistor on a sub-
strate, the light emitting diode and thin film transistor be-
ing electrically coupled to each other; and a photo diode
on the substrate, the photo diode including an intrinsic
region and a P-type doping region coupled to each other.
The light emitting display device may further include a
first metal electrode coupled to the intrinsic region of the
photo diode and a second metal electrode coupled to the
P-type doping region of the photo diode, the first and
second metal electrodes having a space therebetween.
[0009] According to an aspect of the invention, the PD
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does not include an N-Type doping region. In other
words, the PD comprises an intrinsic region and a single
impurity type doping region, being a P-type doping re-
gion.

[0010] An upper surface of the intrinsic region of the
photo diode may overlap the space between the first and
second metal electrodes. The thin film transistor may be
a PMOS. The photo diode may be spaced apart from the
thin film transistor. The photo diode and the thin film tran-
sistor may be co-planar along a plane parallel to a plane
of the substrate. The P-type doping region and the intrin-
sic region of the photo diode may be co-planar along a
plane parallel to a plane of the substrate. The P-type
doping region may be between the thin film transistor and
the intrinsic region. The light emitting display device may
further include a controller, the controller being config-
ured to control voltage applied to the light emitting diode
in accordance with an electrical signal output from the
photo diode. The photo diode may consist essentially of
the P-type doping region and the intrinsic region.
[0011] At least one of the above and other features
and advantages of the present invention may be also
realized by providing a method of fabricating a light emit-
ting display device, including forming a thin film transistor
on a substrate, forming a photo diode on the substrate,
the photo diode including an intrinsic region and a P-type
doping region coupled to each other, and forming a light
emitting diode on the substrate, such that the light emit-
ting diode and the thin film transistor are electrically cou-
pled to each other.

[0012] Forming the photo diode and the thin film tran-
sistor on the substrate may include disposing a first poly-
crystalline silicon layer and a second polycrystalline sil-
icon layer, respectively, on the substrate. The first and
second polycrystalline silicon layers may be co-planar.
Forming the photo diode and the thin film transistor on
the substrate may further include doping one side of the
first polycrystalline silicon layer and both sides of the sec-
ond polycrystalline silicon layer with P-type impurities to
form a P-type doping region in one side of the first poly-
crystalline silicon layer and a source region and a drain
region in the second polycrystalline silicon layer. Doping
the first and second polycrystalline silicon layers may in-
clude using a single mask. Doping of the first and second
polycrystalline silicon layers may be simultaneous. The
method may furtherinclude stacking afirst dielectric layer
and a second dielectric layer on the substrate to cover
the first polycrystalline silicon layer and the second poly-
crystalline silicon layer. The method may further include
forming contact holes through the first and second die-
lectric layers, such that first and second electrodes are
coupled to the photo diode through the contact holes and
source and drain electrodes are coupled to the thin film
transistor through the contact holes.

[0013] 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
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attached drawings, in which:

FIG. 1 illustrates a partial cross-sectional view of a
light emitting display device according to an exem-
plary embodiment of the present invention;

FIGS. 2A-2D illustrate sequential cross-sectional
views of a method for fabricating a light emitting dis-
play device according to an exemplary embodiment
of the present invention;

FIG. 3iillustrates a perspective view of a PD accord-
ing to an exemplary embodiment of the present in-
vention; and

FIG. 4 illustrates a graph comparing light sensitivity
of a conventional PD and a PD according to an ex-
emplary embodiment of the present invention.

[0014] Embodiments of the present invention will now
be described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodi-
ments of the invention are illustrated. Aspects of the in-
vention may, however, be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to
those skilled in the art.

[0015] In the figures, the dimensions of layers, ele-
ments, and regions may be exaggerated for clarity of
illustration. It will also be understood that when a layer
or element is referred to as being "on" another layer, el-
ement, or substrate, it can be directly on the other layer,
element, or substrate, or intervening layers and/or ele-
ments may also be present. Further, it will be understood
that the term "on" can indicate solely a vertical arrange-
ment of one element with respect to another element,
and may not indicate a vertical orientation, e.g., a hori-
zontal orientation. In addition, it will be understood that
when a layer or element is referred to as being "under”
another layer or element, it can be directly under, or one
or more intervening layers and/or elements may also be
present. Further, it will also be understood that when a
layer or 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 in-
tervening layers and/or elements may also be present.
Like reference numerals refer to like elements through-
out.

[0016] As used herein, the expressions "at least one,"
"one or more," and "and/or" are open-ended expressions
that are both conjunctive and disjunctive in operation.
For example, each of the expressions "at least one of A,
B, and C," "at least one of A, B, or C," "one or more of A,
B, and C," "one or more of A, B, or C" and "A, B, and/or
C" includes the following meanings: A alone; B alone; C
alone; both A and B together; both A and C together;
both B and C together; and all three of A, B, and C to-
gether. Further, these expressions are open-ended, un-
less expressly designated to the contrary by their com-
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bination with the term "consisting of." For example, the
expression "at least one of A, B, and C" may also include
an nth member, where n is greater than 3, whereas the
expression "at least one selected from the group consist-
ing of A, B, and C" does not.

[0017] FIG. 1illustrates a cross-sectional view of alight
emitting display device according to one exemplary em-
bodiment of the present invention. Referring to FIG. 1, a
light emitting display device 100 may include a TFT 190
and a PD 120 on a substrate 110. The light emitting dis-
play device 100 may further include an LED (not shown),
e.g., an organic light emitting diode (OLED), on the sub-
strate 110.

[0018] The TFT 190 may include a semiconductor lay-
er 130, a gate electrode 150, and source/drain electrodes
170a and 170b. The semiconductor layer 130 of the TFT
190 may include a source region 132, a drain region 133,
and an intrinsic region 131 between the source region
132 and the drain region 133. Both the source region 132
and the drain region 133 of the semiconductor layer 130
may be doped with impurity having substantially the
same conductivity. For example, both the source and
drain regions 132 and 133 may be doped with P-type
impurities to form a P-type TFT, i.e., a PMOS. Forming
the source and drain regions 132 and 133 to have sub-
stantially the same conductivity may reduce the required
number of masks during processing. For example, if the
TFT 190 is a PMOS, no separate masks are used to
implant N-type impurities in the semiconductor layer 130,
so formation of a PMOS may require a lower number of
masks than, e.g., a CMOS. Accordingly, productivity and
yield of the light emitting display device 100 may be im-
proved.

[0019] A buffer layer 112 may be disposed between
the substrate 110 and the TFT 190, so the semiconductor
layer 130 of the TFT 190 may be formed on the buffer
layer 112. A first dielectric layer 140 may be formed on
the buffer layer 112 to cover the semiconductor layer
130, i.e., the semiconductor layer 130 may be between
the buffer layer 112 and the first dielectric layer 140. The
gate electrode 150 may be formed on the first dielectric
layer 140 in a region corresponding to the intrinsic region
131 of the semiconductor layer 130. A second dielectric
layer 160 may be formed on the first dielectric layer 140
to cover the gate electrode 150, i.e., the gate electrode
150 may be between the first and second dielectric layers
140 and 160. The source and drain electrodes 170a and
170b may be disposed on the second dielectric layer 160,
so the source electrode 170a and the drain electrode
170b may be coupled respectively to the source region
132 and the drain region 133 of the semiconductor layer
130 through contact holes in the first and second dielec-
tric layers 140 and 160.

[0020] The light emitting display device 100 may fur-
ther include a third dielectric layer (not shown) on the
TFT 190, so the LED may be formed on the third dielectric
layer. The LED may be electrically coupled to the TFT
190. The LED may be any suitable LED, e.g., an OLED.
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A controller may be connected to the LED for controlling
luminance thereof in accordance with electrical signals,
e.g., voltage signals, output by the PD 120.

[0021] The PD 120 of the light emitting display device
100 may be electrically coupled to the LED, and may
control luminance of the LED. For example, the PD 120
may be between the substrate 110 and the LED in a non-
light emission region of the light emitting display device
100. In particular, the PD 120 may be on the buffer layer
112, and may be spaced apart from the TFT 190 along
the x-axis. More specifically, the semiconductor layer 130
of the TFT 190 and the PD 120 may be co-planar along
a plane parallel to the substrate 110, e.g., a horizontal
plane along the x-axis. For example, both the semicon-
ductor layer 130 and the PD 120 may be directly on the
buffer layer 112. Further, the semiconductor layer 130
and the PD 120 may be formed of substantially the same
material, e.g., polycrystalline silicon. As such, formation
of the PD 120 and the semiconductor layer 130 may be
substantially simplified by depositing two polycrystalline
silicon layers spaced apart from each on the same plane,
e.g., simultaneously.

[0022] The PD 120 may include a single impurity re-
gion having substantially the same conductivity as the
source and drain regions 132 and 133 of the semicon-
ductor layer 133. For example, the PD 120 may include
a P-type impurity region. More specifically, the PD 120
may include a P-type doping region 122, an intrinsic re-
gion 121, and first and second electrodes 180a and 180b
for applying a voltage to the intrinsic region 121 and the
P-type doping region 122, respectively. The first and sec-
ond electrodes 180a and 180b may be metal electrodes.
Therefore, the PD 120 may have a metal intrinsic P*
(MIP) structure. In the MIP structure, M represents the
first and second electrodes 180a and 180b, | represents
the intrinsic region 121, and P represents the P-type dop-
ing region 122.

[0023] The P-type doping region 122 and the intrinsic
region 121 may be coplanar along a plane parallel to the
substrate 110, and may be coupled to each other. More
specifically, one side of the polycrystalline silicon layer
of the PD 120 may be doped with P-type impurities si-
multaneously with the polycrystalline silicon layer of sem-
iconductor layer 130 to form the P-type doping region
122. A side of the polycrystalline silicon layer of the PD
120 not doped with P-type impurities may define the in-
trinsic region 121.

[0024] The P-type doping region 122 of the PD 120
may be formed on the buffer layer 112, and may be on
a side of the PD 120 adjacent to the semiconductor layer
130 of the TFT 190. More specifically, the P-type doping
region 122 may be between the intrinsic region 121 and
the TFT 190. Therefore, the P-type doping region 122 of
the PD 120 may not require a separate mask for implant-
ing P-type impurity therein, i.e., may be formed via a
same mask used to form the doping regions of the sem-
iconductor layer 130. The intrinsic region 121 may be on
the buffer layer 112 and in direct contact with the P-type
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doping region 122. Therefore, the thickness of the light
emitting display device 100 may be minimized due to a
horizontal structure of the PD 120, i.e., the P-type doping
region 122 and the intrinsic region 121 being on substan-
tially the same plane. The first and second dielectric lay-
ers 140 and 160 may be on the PD 120, so the first and
second electrodes 180a and 180b may be electrically
coupled to the intrinsic region 121 and the P-type doping
region 122, respectively, via contact holes in the first and
second dielectric layers 140 and 160.

[0025] The PD 120 may be a semiconductor device
for converting an optical signal into an electrical signal,
and its driving method is as follows. When a negative (-)
voltage is applied to the P-type doping region 122 through
the second electrode 180b and a positive (+) voltage is
applied to the intrinsic region 121 through the first elec-
trode 180a simultaneously, the PD 120 may generate
electrons and holes in the intrinsic region 121 in accord-
ance with lightincidentontheintrinsicregion 121. Current
may flow in the intrinsic region 123 by means of areverse
electric field.

[0026] The PD 120 according to embodiments of the
present invention may include only a P-type doping re-
gion, i.e., may not include a N-type doping region, so the
number of doping stages and masks may be reduced,
thereby simplifying a manufacturing process of the PD
120. Also, the PD 120 may be formed to have a MIP
structure, so light sensitivity of the PD 120 may be higher
as compared, e.g., to a PD having a PIN structure, and
therefore, the PD 120 may have an increased efficiency
in controlling luminance of the LED. A comparison be-
tween the PD 120 and a PD having a PIN structure will
be explained in more detail below with reference to FIG.
4. Itis noted that a PD having a PIN structure refers to a
PD having a P-type doping region, an N-type doping re-
gion, and an intrinsic region between the P-type doping
region and the N-type doping region.

[0027] Accordingly, a light emitting display device
formed according to embodiments of the present inven-
tion may have reduced power consumption of its LED
due to improved luminance control thereof via the PD. In
addition, ambient light, i.e., light external to the light emit-
ting display device 100, may be measured with improved
accuraacy due to improved light sensitivity of the PD 120,
thereby providing improved display properties of the light
emitting display device 100.

FIGS. 2A-2D illustrate sequential cross-sectional views
of a method for fabricating the light emitting display de-
vice 100 according to one exemplary embodiment of the
present invention.

[0028] Referring to FIG. 2A, the buffer layer 112 may
be formed on the substrate 110. Patterned first and sec-
ond polycrystalline silicon layers 120’ and 130’ may be
formed on an upper surface of the buffer layer 112. The
first and second polycrystalline silicon layers 120’ and
130’ may be spaced apart from each other.

[0029] Referring to FIG. 2B, a single mask (not shown)
may be used to implant P-type impurities simultaneously
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into one side of the first polycrystalline silicon portion 120°
and into two sides of the second polycrystalline silicon
portion 130’, as illustrated by the shadowed portions in
FIG. 2B. Doping of the one side of the first polycrystalline
silicon portion 120’ with P-type impurities may form the
P-type doping region 122. Doping of both sides of the
second polycrystalline silicon portion 130’ with P-type im-
purities may form the source/drain regions 132 and 133.
The undoped portions of the first and second polycrys-
talline silicon portions 120’ and 130’ may be formed into
the intrinsic region 121 of the PD120 and the intrinsic
region 131 of the semiconductor layer 130, respectively.
Therefore, the first polycrystalline silicon portion 120’
may be formed into the PD 120, and the second poly-
crystalline silicon portion 130’ may be formed into the
semiconductor layer 130 of the TFT 190. The intrinsic
region 131 of the semiconductor layer 130 may corre-
spond to a channel region between the source and drain
regions 132 and 133. Referring to FIG. 2C, the first die-
lectric layer 140 may be formed on the buffer layer 112
to cover the semiconductor layer 130 and the PD 120.
Also, the gate electrode 150 may be formed on the first
dielectric layer 140 in a region corresponding to the in-
trinsic region 131 of the semiconductor layer 130, i.e.,
the gate electrode 150 may overlap the intrinsic region
131.

[0030] ReferringtoFIG. 2D, the second dielectric layer
160 may be formed on the first dielectric layer 140 to
cover the gate electrode 150. Then, the first and second
dielectric layers 140 and 160 may be etched to form con-
tact holes therethrough to expose portions of upper sur-
faces of the source/drain regions 132 and 133 of the sem-
iconductor layer 130 and portions of upper surfaces of
the P-type doping region 122 and the intrinsic region 121
of the PD 120. Source and drain electrodes 170a and
170b may be coupled via the contact holes to the source
and drain regions 132 and 133, respectively. First and
second electrodes 180a and 180b may be coupled via
the contact holes to the intrinsic region 121 and the P-
type doping region 122, respectively.

[0031] The first electrode 180a and the second elec-
trode 180b may be spaced apart from each other along
the x-axis to form sufficient space for transmitting light
into the intrinsic region 121. More specifically, as illus-
trated in FIG. 3, a portion of the intrinsic region 121 of
the PD 120 may be between the first electrode 180a and
the second electrode 180b, and may have a predeter-
mined surface area of an upper surface thereof to provide
light transmittance. For example, the intrinsic region 121
may have a predetermined length L, e.g., about 4 pm,
and a predetermined width W, e.g., about 25,000 pm, to
form an exposed surface area, so light may be incident
on the upper surface of the intrinsic region 121 between
the first and second electrodes 180a and 180b. The
length L and width W of the intrinsic region 121 may be
varied according to a size of the PD 120.

[0032] FIG. 4 illustrates a graph comparing light sen-
sitivity of a PIN PD and an MIP PD. In FIG. 4, X axis
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represents voltage (V) applied to the PD, and Y axis rep-
resents a reverse current (A) of the PD that is varied
according to the voltage applied to the PD. Each PD was
formed to have a length L of 4 pm and a width W of
25,000 wm. Generally, an external light of a PD is meas-
ured when avoltage of-0.5t0-2.0 (V) is applied tothe PD.
[0033] A voltage of -5to 0 (V) was applied to each PD,
and a reverse current of the PD was measured when the
voltage on the PD was varied between -5V to 0 V. Am-
bient light was measured by each PD. In order to deter-
mine sensitivity of each of the PDs to light, a sensitivity
ratio was measured. The sensitivity ratio refers to a dy-
namic difference between ON/OFF states of the reverse
current. In other words, the sensitivity ratio refers to a
difference between an OFF state, i.e., a reverse current
through the PD when external luminance is 0 Lux, and
an ON state, i.e., a reverse current through the PD when
the external luminance is greater than 0 Lux at a sub-
stantially same voltage. An external luminance of 0 Lux
refers to dark surroundings with substantially no light,
and external luminance that is greater than 0 Lux was
used as 1000 Lux. The PD was determined as having an
increased sensitivity to light if a sensitivity ratio thereof
was high. For example, a higher sensitivity ratio between
the ON/OFF states of the reverse current indicated a
higher sensitivity to light.

[0034] Asiillustrated in FIG. 4, the MIP PD exhibited a
higher sensitivity ratio than the NIP PD, i.e., a higher re-
verse current ratio between the two curves indicated by
the double-headed arrows in FIG. 4. More specifically,
as illustrated in FIG. 4, a sensitivity ratio of the PIN PD
at a voltage varying from about (-0.5) V to about (-2.0) V
was about 1 - 1.5 orders (v/decade), while a sensitivity
ratio of the MIP PD at a same voltage range was about
1.2 - 1.8 orders. As such the MIP PD may have a higher
sensitivity ratio, i.e., by about 0.2 to about 0.5 orders.
Here, 1 order represents 101 (A), and 2 orders represent
102 (A). Also, the MIP PD exhibited better accuracy in
measuring ambient light due to its increased sensitivity
to the light.

[0035] A PD according to embodiments of the present
invention, e.g., a MIP diode, may be advantageous in
exhibiting a higher light sensitivity than a PIN diode.
Therefore, ambient light may be measured by the PD
with an increased accuracy. As a result, the MIP diode
may have an excellent sensitivity to the light since it has
a higher sensitivity ratio than the PIN diode. More spe-
cifically, the sensitivity of the PD may be enhanced by
forming the PD to have a MIP structure. Therefore, the
luminance of the LED may be controlled according the
external light by detecting ambient light of the light emit-
ting display device more effectively using the PD. Also,
the fabrication process may be simplified by doping one
side of the photo diode with P-type impurity used in the
source/drain region of the semiconductor layer.

[0036] Exemplary embodiments of the present inven-
tion have been disclosed herein, and although specific
terms are employed, they are used and are to be inter-
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preted 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 present invention as set forth in the fol-
lowing claims.

Claims
1. Alight emitting display device, comprising:

a light emitting diode and a thin film transistor
on a substrate, the light emitting diode and thin
film transistor being electrically coupled to each
other; and

a photo diode on the substrate, the photo diode
including an intrinsic region and a P-type doping
region coupled to each other,

wherein the photo diode does not include an N-type
doping region.

2. The light emitting display device as claimed in claim
1, further comprising a first metal electrode coupled
tothe intrinsic region of the photo diode and a second
metal electrode coupled to the P-type doping region
of the photo diode, the first and second metal elec-
trodes having a space therebetween.

3. The light emitting display device as claimed in claim
2, wherein an upper surface of the intrinsic region of
the photo diode overlaps the space between the first
and second metal electrodes.

4. The light emitting display device as claimed in any
one of the preceding claims, wherein the thin film
transistor is a PMOS.

5. The light emitting display device as claimed in any
one of the preceding claims, wherein the photo diode
is spaced apart from the thin film transistor.

6. The light emitting display device as claimed in claim
5, wherein the photo diode and the thin film transistor
are co-planar along a plane parallel to a plane of the
substrate.

7. The light emitting display device as claimed in claim
5 or 6, wherein the P-type doping region and the
intrinsic region of the photo diode are co-planar along
a plane parallel to a plane of the substrate.

8. The light emitting display device as claimed in claim
7, wherein the P-type doping region is between the

thin film transistor and the intrinsic region.

9. The light emitting display device as claimed in any
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10.

1.

12,

13.

14.

15.

16.

17.

one of the preceding claims, wherein the photo diode
consists essentially of the P-type doping region and
the intrinsic region.

A method of fabricating a light emitting display de-
vice, comprising:

forming a thin film transistor on a substrate,
forming a photo diode on the substrate, the pho-
to diode including an intrinsic region and a P-
type doping region coupled to each other, but
not including an N-type doping region; and
forming a light emitting diode on the substrate,
such that the light emitting diode and the thin
film transistor are electrically coupled to each
other.

The method as claimed in claim 10, wherein forming
the photo diode and the thin film transistor on the
substrate includes disposing a first polycrystalline
silicon layer and a second polycrystalline silicon lay-
er, respectively, on the substrate.

The method as claimed in claim 11, wherein the first
and second polycrystalline silicon layers are co-pla-
nar.

The method as claimed in claim 11, wherein forming
the photo diode and the thin film transistor on the
substrate further comprises doping one side of the
first polycrystalline silicon layer and both sides of the
second polycrystalline silicon layer with P-type im-
purities to form a P-type doping region in one side
of the first polycrystalline silicon layer and a source
region and a drain region in the second polycrystal-
line silicon layer.

The method as claimed in claim 13, wherein doping
the first and second polycrystalline silicon layers in-
cludes using a single mask.

The method as claimed in claim 13, wherein doping
of the first and second polycrystalline silicon layers
is simultaneous.

The method as claimed in claim 13, 14 or 15, further
comprising stacking a first dielectric layer and a sec-
ond dielectric layer on the substrate to cover the first
polycrystalline silicon layer and the second polycrys-
talline silicon layer.

The method as claimed in claim 16, further compris-
ing forming contact holes through the first and sec-
ond dielectric layers, such that first and second elec-
trodes are coupled to the photo diode through the
contact holes and source and drain electrodes are
coupled to the thin film transistor through the contact
holes.
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