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(57) ABSTRACT

The invention provides an OLED, a touch display device and
method for fabricating the same. The OLED comprises: a
substrate; a pixel electrode functioning as a first conducting
electrode on the substrate: a first signal electrode and a second
signal electrode disposed on the same layer as the pixel elec-
trode; an insulating layer overlaying the first signal electrode
and the second signal electrode; an EL layer in the same layer
as the insulating layer and overlaying the pixel electrode; a
second conducting electrode overlaying at least the EL layer;
and an encapsulating layer overlaying at least the second
conducting electrode.
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forming a first conducting film layer on a substrate Sl

forming a pixel electrode functioning 2s a first conducting -
electrode as well as a first signal electrode and a second signal 5102
electrode through a single patterning process

y

forming an insulating layer overlaying the pixel electrode as well as
the first signal electrode and the second signal electrode

5103
5

y

forming a via hole in the insulating layer above the pixel electrode

Y

forming an EL layer in the via hole

y

forming a second conducting film overlaying the EL layer and the |, — 5106
insulating layer as a second conducting electrode

:
forming an encapsulating substrate overlaying the second L 5107
conducting electrode

Fig.7
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forming a metal conducting film on a substrate and forming a gate electrade, a |~ S201
gate line and a longitudinal scnsing line through a patterning process

Y

forming a gate insulating layer overlaying the substrate

$202
-

Y

forming an active layer on the gate insulating layer

5203
-

forming a metal conducting film on the substrate and then forming a source /— S204
electrode, a drain electrode, a data line and a transversal sensing line through a
patterning process

Y $205

forming a passivation layer overlaying the substrate

\

forming via holes going through the passivation layer above the drain electrode, | ——— 5206
the transversal sensing line and the longitudinal sensing line respectively

Y

forming a layer of first conducing film on the passivation layer and forming a
pixel electrode functioning as a first conducting electrode as well as a f{irst signal
electrode and a second signal electrode through a single patterming process

S208
forming an insulating laycr overlaying the pixel clectrode as well as the first //-
signal electrode and the second signal electrode

; 8209
forming a via hole in the insulating layer above the pixel electrode J/—

forming an EL layer in the via hole

v

. . . S211
forming a second conducling film overlaying the EL layer and the insulating el
layer as a second conducting electrode

\

forming an encapsulating layer overlaying the second conducting electrode

Fig.10
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ORGANIC LIGHT EMITTING DIODE,
TOUCH DISPLAY DEVICE AND METHOD
FOR FABRICATING THE SAME

FIELD OF THE ART

[0001] Embodiments of the invention relate to the field of
display technologies, more particularly, to an organic light
emitting diode (OLED), a touch display device and a method
for fabricating the same.

BACKGROUND

[0002] Flat Panel Display (FPD) devices are widely used
due to the advantages of being compact and portable. A main
technology for future FPDs is Organic Light Emitting Diode
(OLED) display technology. In comparison with Liquid
Crystal Display (LCD) technology operated in an overall
backlight mode, OLED displays works in a self-luminant
mode such that all the pixels in the OLED can emit light. As
aresult, the OLED displays can notably increase view angles
and contrast while reducing power consumption and thick-
ness.

[0003] Touch screens as a modern way of inputting has
been used as a main input device in various portable elec-
tronic products and are gradually replacing conventional
mechanical keypad input device. It is expected that an all-
touch non-keypad input mode will be eventually realized in
such electronic products. The touch screen technology has
undergone various development stages, which mainly
includes resistive touch screens, capacitive touch screens,
optical sensing touch screens, and electromagnetic sensing
touch screens. Currently the mainstream touch screens are the
resistive touch screens; however, capacitive touch screens are
rapidly catching up. The capacitive touch screens generally
include self-capacitance touch screens, surface capacitance
touch screen, projected capacitance touch screens and so on.
[0004] On the other hand, conventional touch screens made
of OLEDs are mostly add-on capacitive touch screens, which
have the disadvantages of having high cost, low touch sensi-
tivity and low reliability.

SUMMARY

[0005] Embodiments of the invention provide an OLED, a
touch display device and a method for fabricating the same,
which can improve touch sensitivity of the product and
reduce production cost.

[0006] To meet the above objective, the embodiments of the
invention provide the following technical solutions.

[0007] An aspect of the invention provides an OLED com-
prising:

[0008] a substrate;

[0009] a pixel electrode functioning as a first conducting

electrode on the substrate;

[0010] a first signal electrode and a second signal electrode
disposed on the same layer as the pixel electrode;

[0011] an insulating layer overlaying the first signal elec-
trode and the second signal electrode;

[0012] an EL layer overlaying the pixel electrode, a lami-
nated layer of the EL layer and the pixel electrode is in the
same layer as the insulating layer;

[0013] a second conducting electrode overlaying at least
the EL layer; and

[0014] anencapsulating layer overlaying atleast the second
conducting electrode.
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[0015] As an example, the first conducting electrode is of
the organic light emitting diode an anode, and the second
conducting electrode is a cathode of the organic light emitting
diode.

[0016] As an example, the OLED further comprises a hole
transmission layer disposed between the anode and the EL
layer.

[0017] As an example, the OLED further comprises an
electron transmission layer disposed between the cathode and
the EL layer.

[0018] As an example, the insulating layer is an organic

insulating layer.

[0019] As an example, a portion of the second conducting
electrode correspondingly located above the first signal elec-
trode and the second signal electrode is removed.

[0020] A second aspect of the invention provides a method
for fabricating an organic light emitting diode comprising:
[0021] forming a first conducting film on a substrate;
[0022] forming a pixel electrode as well as a first signal
electrode and a second signal electrode through a single pat-
terning process, wherein the pixel electrode functions as a
first conducting film;

[0023] forming an insulting layer overlaying the pixel elec-
trode as well as the first signal electrode and the second signal
electrode;

[0024] forming a via hole in the insulating layer above the
pixel electrode;

[0025] forming an EL layer in the via hole;

[0026] forming asecond conducting film overlaying the EL

layer and the insulating layer, wherein the second conducting
film functions as a second conducting electrode;

[0027] forming an encapsulating layer overlaying at least
the second conducting electrode.

[0028] As an example, the method further comprises per-
forming a patterning process on the second conducting elec-
trode to remove the portion of the second conducting elec-
trode located directly above the first signal electrode and the
second signal electrode.

[0029] As an example, the method further comprises form-
ing a hole transmission layer between the first conducting
electrode and the EL layer, and forming an electron transmis-
sion layer between the second conducting electrode and the
EL layer.

[0030] A third aspect of the invention provides a touch
display device comprising: a plurality of display elements
arranged in an array, wherein each of the display elements
comprises a pixel element surrounded by a gate line and a data
line, and the pixel elements comprises any of the above-
described OLED.

[0031] As an example, the touch display device further
comprises a plurality of first sensing lines arranged parallel to
each other and a plurality of second sensing lines arranged
parallel to each other, the first sensing lines and the second
sensing lines intersect with each other but are not electrically
connected with each other, the first signal electrode of the
OLED is electrically connected to the first sensing lines, the
second signal electrode of the OLED is electrically connected
to the second sensing lines.

[0032] As anexample, the first sensing lines are in the same
layer as the data line, the second sensing lines are in the same
layer as the gate line.

[0033] As anexample, the first sensing lines are in the same
layer as the gate line, the second sensing lines are in the same
layer as the data line.
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[0034] A fourth aspect of the invention provides a method
for fabricating a touch display device comprising:

[0035] forming a metal conducting film on a substrate and
forming a gate electrode, a gate line and a longitudinal sens-
ing line through a patterning process;

[0036] forming a gate insulating layer overlaying the sub-
strate;

[0037] forming an active layer on the gate insulating layer;
[0038] forming a metal conducting film on the substrate

and forming a source electrode, a drain electrode, a data line
and a transversal sensing line through a patterning process;
[0039] forming a passivation layer overlaying the substrate;
[0040] forming via holes going through the passivation
layer above the drain electrode, the transversal sensing line
and the longitudinal sensing line;

[0041] forming a first conducing film on the passivation
layer and forming a pixel electrode functioning as a first
conducting electrode as well as a first signal electrode and a
second signal electrode through a single patterning process,
wherein the pixel electrode is electrically connected to the
drain electrode through the viahole above the drain electrode,
the first signal electrode is electrically connected to the trans-
versal sensing line through the via hole above the transversal
sensing line, the second signal electrode is electrically con-
nected to the longitudinal sensing line through the via hole
above the longitudinal sensing line;

[0042] forming an insulating layer overlaying the pixel
electrode as well as the first signal electrode and the second
signal electrode;

[0043] forming a via hole in the insulating layer above the
pixel electrode;

[0044] forming an EL layer in the via hole;

[0045] forming a second conducting film overlaying the EL

layer and the insulating layer, wherein the second conducting
film functions as a second conducting electrode;

[0046] forming an encapsulating layer overlaying at least
the second conducting electrode.

[0047] As an example, the method further comprises per-
forming a patterning process on the second conducting elec-
trode to remove the portion of the second conducting elec-
trode located directly above the first signal electrode and the
second signal electrode.

[0048] As an example, the method further comprises:
[0049] forming a hole transmission layer between the first
conducting electrode and the EL layer; and

[0050] forming an electron transmission layer between the
second conducting electrode and the EL layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] Inorder to clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0052] FIG. 1 schematically illustrates a top view of an
OLED in accordance with an embodiment of the invention;
[0053] FIG.2schematically illustrates a cross section of the
OLED taken along line A-A' of FIG. 11in accordance with the
embodiment of the invention;

[0054] FIG. 3 schematically illustrates a cross section of the
OLED taken along line B-B' of FIG. 1 in accordance with the
embodiment of the invention;

Apr. 3,2014

[0055] FIG. 4 is an equivalent circuit of a projected capaci-
tance of the OLED in accordance with the embodiment of the
invention;

[0056] FIG. 5 is an equivalent circuit of a projected capaci-
tance of the OLED when being touched in accordance with
the embodiment of the invention;

[0057] FIG. 6 is an equivalent circuit of a projected capaci-
tance of an OLED when being touched in accordance with
another embodiment of the invention;

[0058] FIG. 7 schematically illustrates a flow chart of a
method for fabricating an OLED in accordance with an
embodiment of the invention;

[0059] FIG. 8 schematically illustrates a top view of a touch
screen device in accordance with an embodiment of the
invention;

[0060] FIG.9schematically illustratesa cross section of the
touch screen device taken along line C-C' of FIG. 7 in accor-
dance with an embodiment of the invention;

[0061] FIG. 10 schematically illustrates a flow chart of a
method for fabricating a touch screen device in accordance
with an embodiment of the invention;

[0062] FIG. 11 schematically illustrates a hole transmis-
sion layer and a electron transmission layer of a touch screen
device in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0063] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiment will be described in a
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. It is
obvious that the described embodiments are just a part but not
all of the embodiments of the invention. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

[0064] Unless otherwise defined, all the technical and sci-
entific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which
the present invention belongs. The terms “first,” “second,”
etc., which are used in the description and the claims of the
present application for invention, are not intended to indicate
any sequence, amount or importance, but distinguish various
components. Also, the terms such as “a,” “an,” etc., are not
intended to limit the amount, but indicate the existence of at
lease one. The terms “comprises,” “comprising,” “includes,”
“including,” etc., are intended to specify that the elements or
the objects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these terms,
but do not preclude the other elements or objects. The phrases
“connect”, “connected”, etc., are not intended to define a
physical connection or mechanical connection, but may
include an electrical connection, directly or indirectly. “On,”
“under,” “right,” “left” and the like are only used to indicate
relative position relationship, and when the position of the
object which is described is changed, the relative position
relationship may be changed accordingly.

[0065] Asillustratedin FIGS. 1,2 and 3 (in which FIG. 2 is
a cross section of an OLED taken along line A-A' of FIG. 1
and FIG. 3 is a cross section of the OLED taken along line
B-B' of FIG. 1), the OLED as provided by an embodiment of
the invention comprises:

[0066] asubstrate1;apixel electrode 2 functioning as a first
conducting electrode on the substrate 1, a first signal elec-
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trode 3 and a second signal electrode 4 disposed on the same
layer as the pixel electrode 2. The first signal electrode 3 is
used for connecting a first sensing line which extends longi-
tudinally and the second signal electrode 4 is used for con-
necting a second sensing line which extends transversally, the
first sensing line and the second sensing line intersect with
each other but are not electrically connected (the first and
second sensing lines are not illustrated in the figures) with
each other; an insulating layer 5 overlaying the first signal
electrode 3 and the second signal electrode 4, an electrolumi-
nescent (EL) layer 6 overlaying the pixel electrode 2, a lami-
nated layer of the EL layer 6 and the pixel electrode 2 is in the
same layer as the insulating layer 5 (that is, an upper surface
of the EL layer 6 is at the same height as an upper surface of
the insulating layer 5, as shown in FIG. 3); a second conduct-
ing electrode 7 overlaying at least the EL layer 6; and an
encapsulating layer 8 overlaying at least the second conduct-
ing electrode 7.

[0067] Those skilled in the art would understand that the
drawings are illustrative only. Moreover, the terms “longitu-
dinally”, “longitudinal”, “transversally” and “transversal”
are only used to illustrate relative position relationship of the
first sensing line and the second sensing line. Therefore, it can
be understood that if the first sensing line is a longitudinal
sensing line then the second sensing line is a transversal
sensing line; on the contrary, if the first sensing line is a
transversal sensing line then the second sensing line is a
longitudinal sensing line. As for positions in the planar view
as illustrated in FIG. 1, the first signal electrode 3 may be
disposed above or below the second signal electrode 4.

[0068] Optionally, the first conducting electrode, i.e., the
pixel electrode 2, is an anode of an OLED, and the second
conducting electrode 7 is a cathode of the OLED. The OLED
further comprising a hole transmission layer disposed
between the anode and the EL layer and an electron transmis-
sion layer disposed between the cathode and the EL layer.

[0069] The insulating layer 5 may be an organic insulating
layer.
[0070] Inthe embodiment, the second conducting electrode

7 forms projected capacitors with the first signal electrode 3
and the second signal electrode 4 respectively, withan equiva-
lent circuit as shown in FIG. 4, where C_X indicates a capaci-
tor formed between the second conducting electrode 7 and the
first signal electrode 3, C_Y indicates a capacitor formed
between the second conducting electrode 7 and the second
signal electrode 4, C_XY indicates a capacitor formed
between the first signal electrode 3 and the second signal
electrode 4. When a finger touches the encapsulating layer 8
above the second conducting electrode 7, a capacitor C_F is
formed between the finger and the second conductor elec-
trode 7, with an equivalent circuit as illustrated in FIG. 5. The
cathode of the OLED (i.e. the second conducting electrode 7)
provides a DC voltage signal which remains constant, there-
fore, when the overall capacitance changes due to the intro-
duction of the capacitor C_F, that is, the equivalent circuit
changes from FIG. 4 to FIG. 5, voltage signals on the first
signal electrode 3 and the second signal electrode 4 are
changed (this is because the finger can be seen as the ground,
in this case, charges on the capacitors C_X and C_Y will be
charged to the capacitor C_F, thereby changing the voltage on
the first signal electrode 3 and the second signal electrode 4).
This principle can be used to determine whether the OLED is
being touched.
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[0071] Furthermore, a portion of the second conducting
electrode 7 located directly above the first signal electrode 3
and the second signal electrode 4 is removed (which is not
illustrated in the figures), such that the encapsulating layer 8
is formed directly on the insulating layer 5 above the first
signal electrode 3 and the second signal electrode 4 (i.e.,
formed in the removed portion of the second conducting
electrode 7). In this case, no capacitor is formed between the
second conducting electrode 7 and the first signal electrode 3
as well as the second signal electrode 4. When touched, due to
that an area of a touching object is generally larger than an
area of the a single pixel element, the touching object forms
capacitors with the first signal electrode 3 and the second
signal electrode 4 respectively, with an equivalent circuit as
illustrated in FIG. 6 (in which the touching object is exem-
plarily illustrated as a finger), where C_M indicates a capaci-
tor formed between the finger and the first signal electrode 3,
C_N indicates a capacitor formed between the finger and the
second signal electrode 4, and C_MN indicates a capacitor
formed between the first signal electrode 3 and the second
signal electrode 4. The touch changes the current signals on
the first signal electrode 3 and the second signal electrode 4,
which can be used to determine whether the OLED is being
touched.

[0072] With the OLED provided by the embodiment of the
invention, the projected capacitance used for touch is simul-
taneously formed during the fabrication of the OLED, two
separate signal sensing elements in the longitudinal and trans-
versal directions are formed for each of pixel elements, which
can improve the touch sensitivity of the product. Moreover,
the product cost is reduced due to the signal electrodes as the
projected capacitance and the pixel electrode of the LED are
formed in the same layer.

[0073] As illustrated in FIG. 7, an embodiment of the
invention provides a method for fabricating an OLED. Gen-
erally, the fabrication method comprises a step of forming a
first and a second electrode layers and an EL layer sand-
wiched between the first and second electrode layers as well
as a step of forming a first and a second signal electrodes and
an insulating layer. As an example, the method comprises the
following steps:

[0074] S101: forming a first conducting film layer on a
substrate;
[0075] S102: forming apixel electrode functioning as a first

conducting electrode as well as a first signal electrode and a
second signal electrode through a single patterning process.

[0076] For example, a first conducting film layer may be
formed on the whole surface of a substrate, the first conduct-
ing film is made from conducting material with a thickness of
100 A to 1000 A. Then, a layer of photoresist is applied on the
first conducting film, and the pixel electrode, the first signal
electrode and the second electrode are formed by using a
mask to perform patterning processes including exposing,
developing, etching and peeling.

[0077] S103: forming an insulating layer overlaying the
pixel electrode as well as the first signal electrode and the
second signal electrode.

[0078] For example, an insulting layer with a thickness of
1000 A to 6000 A may be continuously deposited on the
substrate using Chemical Evaporation Deposition (CVD).
The insulating layer is for example an organic insulating layer
and the layer may be formed through conventional method,
such as deposition, spin-coating or roller coating.
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[0079] S104: forming a via hole in the insulating layer
above the pixel electrode.

[0080] S105: forming an EL layer in the via hole.

[0081] For example, the substrate is placed in a vacuum
chamber and multiple organic films are deposited above the
pixel electrode to form the EL layer, where an average thick-
ness of the films is 350 A=25 A.

[0082] Optionally, it may further comprising the following
before step S105: forming a hole transmission layer between
the first conducting electrode and the EL layer, and a material
of the hole transmission layer is for example aromatic
diamine, such as N,N,N', N'-tetraphenyl-1,1'-biphenyl-4,4'-
diamine (TPD), C,3H5,N, (TAD) and the like.

[0083] Optionally, it may further comprising the following
after step S105: forming an electron transmission layer
between the second conducting electrode and the FL layer,
and a material of the electron transmission layer is for
example 8-hydroxyquinoline aluminum (Alq3), 8-hydrox-
yquinoline zine (Znq2) and the like.

[0084] S106: forming a second conducting film overlaying
the EL layer and the insulating layer as a second conducting
electrode.

[0085] It is noted that when an electron transmission layer
is formed between the second conducting electrode and the
EL layer, the second conducting electrode formed in step
S106 overlays the electron transmission layer.

[0086] Optionally, the step S106 may further comprising:
performing a patterning process on the second conducting
electrode to remove the portion of the second conducting
electrode located directly above the first and second signal
electrodes. An equivalent circuit of the OLED formed with
this optional step is illustrated in FIG. 6. The optional step can
also be performed with the patterning process for forming the
second conducting electrode and no additional exposing pro-
cess 1s required.

[0087] S107: forming an encapsulating layer overlaying
the second conducting electrode.

[0088] Inthe method for fabricating the OLED as provided
by the embodiment of the invention, the projected capaci-
tance used for touch is simultaneously formed during the
fabrication of the OLED, two separate signal sensing ele-
ments in the longitudinal and transversal directions are
formed for each of pixel elements, which can improve the
touch sensitivity of the product. Moreover, the product cost is
reduced due to the signal electrodes as the projected capaci-
tance and the pixel electrode of the LED are formed in the
same layer.

[0089] Another embodiment of the invention further pro-
vides a touch display device as illustrated in FIGS. 8 and 9
(FIG. 9 schematically illustrates a cross section of the touch
display device taken along line C-C' of FIG. 8), which com-
prises: a plurality of display elements arranged in an may, and
each display element comprises a pixel element surrounded
by a gate line and a data line, pixel elements of at least a part
of the display elements comprise the OLED provided by the
above embodiment. The touch display device further com-
prising a plurality of first sensing lines 14 arranged parallel to
each other and a plurality of second sensing lines 15 arranged
parallel to each other, the first sensing lines 14 and the second
sensing lines 15 intersect with each other but are not electri-
cally connected to each other. A first signal electrode 16 of the
OLED is electrically connected to the first sensing lines 14, a
second signal electrode 17 of the OLED is electrically con-
nected to the second sensing lines 15. Preferably, the first
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signal electrode 16 is electrically connected to the first sens-
ing lines 14 through a via hole, and the second signal elec-
trode 17 is electrically connected to the second sensing lines
15 through another via hole.

[0090] Generally, each pixel element may further compris-
ing a TFT on a substrate 11, a passivation layer 13 overlaying
the TFT, an OLED electrically connected to a drain electrode
of the TFT through a via hole of the passivation layer 13. The
pixel electrode of the OLED, which functioning as the first
conducting electrode, is connected to the drain electrode.
[0091] Optionally, the first sensing line is in the same layer
as the data line, the second sensing line is in the same layer as
the gate line. That is, the first sensing line is disposed between
the passivation layer 13 and the gate insulating layer 12 over-
laying the gate of the TFT, the second sensing line is disposed
between the substrate 11 and the gate insulating layer 12.
[0092] Alternatively, the first sensing line is in the same
layer as the gate line, the second sensing line is in the same
layer as the data line. That is, the second sensing line is
disposed between the passivation layer and the gate insulating
layer overlaying the gate of the TFT, the first sensing line is
disposed between the substrate and the gate insulating layer
(not shown in the figure).

[0093] According to the working principle of the OLED
with the projected capacitance provided by the embodiment
of the invention, due to that the first and second sensing lines
intersect with each other but are not electrically connected
with each other, when a touch happens above the cathode, the
two sensing lines can generate voltage variation signals on the
first and the second signal electrodes in the longitudinal and
transversal directions (forexample, in the X andY directions)
which are vertical to each other, thereby locating the touch
position.

[0094] Inthe touch display device provided by the embodi-
ment of the invention, the projected capacitance used for
touch is simultaneously formed during the fabrication of the
OLED, two separate signal sensing elements in the longitu-
dinal and transversal directions are formed for each pixel
elements, which can improve the touch sensitivity of the
product. Moreover, the product cost is reduced due to the
signal electrodes as the projected capacitance and the pixel
electrode of the LED are formed in the same layer.

[0095] Furthermore, each display element of the embodi-
ment may comprise three pixel elements of red, green and
blue. The display element can surely have more pixel ele-
ments of other colors, though an example of a pixel element
having three primitive colors of red, green and blue will be
described exemplarily. Preferably, the OLED provided by the
embodiment of the invention is selectively disposed in the
three pixel elements of red, green and blue included in the
display element. When the three pixel elements of red, green
and blue have the same light-emitting area, brightness may
differ from each other. As a result, the light-emitting areas of
the three pixel elements of red, green and blue are configured
proportionally to ensure the uniformity of the light-emitting
brightness. As an example, for pixel elements with the same
light-emitting area, a green light-emitting material produces a
higher brightness. Therefore, the area of the EL layer of the
green pixel element is generally reduced during fabrication.
More preferably, the OLED provided by the embodiment of
the invention is configured in the green pixel element. By this
means, even if the signal electrode for forming the projected
capacitance takes up a certain light-emitting area in the pixel
electrode layer of the OLED, the influence on the brightness
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of the display device can be minimized. Naturally, it is also
feasible for the red or blue pixel element to employ the OLED
provided by the embodiment of the invention. More prefer-
ably, among all the green pixel elements, it may choose to
dispose the touch capacitor in some of them according to
actual requirements, such as resolution, sensing area and
capacitor sensitivity and so on. That is, the number and posi-
tion relationship of green pixel elements with the touch
capacitor and those without the touch capacitor may be deter-
mined according to actual requirements.

[0096] Another embodiment of the invention provides a
method for fabricating a touch display device. Generally, the
fabrication method comprises a step of forming a first and a
second electrode layers and an EL layer sandwiched between
the first and second electrode layers, a step of forming a data
line and a gate line as well as a step of forming a first and a
second signal electrodes and an insulating layer. As an
example, as illustrated in FIG. 10, the method comprises the
following steps:

[0097] S201: forming a metal conducting film on a sub-
strate and forming a gate electrode, a gate line and a longitu-
dinal sensing line through a patterning process.

[0098] Forexample, alayer of metal conducting film with a
thickness of 1000 A to 7000 A may be formed on a substrate
by using magnetron sputtering. A metal material for fabricat-
ing the metal conducting film generally may be molybdenum,
aluminum, aluminum nickel alloy, molybdenum tungsten
alloy, chrome, copper etc. The metal conducting film may be
alaminated film layer made of the above materials. Then, the
gate electrode, the gate line and the longitudinal sensing line
are formed on a certain area on the substrate by using a mask
to perform patterning processes including exposing, develop-
ing, etching and peeling. The metal conducting films may be
formed by means of Plasma Enhanced Chemical Vapor Depo-
sition (PECVD), magnetron sputtering, thermal evaporation
and other conventional method for fabricating film.

[0099] S202: forming a gate insulating layer overlaying the
substrate.
[0100] For example, a film of a gate insulating layer with a

thickness of 1000 A to 6000 A is continuously deposited on
the substrate by using CVD. A material of the gate insulating
layer is generally silicon nitride, but can also be silicon oxide
and silicon oxynitride. The film of the gate insulating layer
may be formed by conventional fabricating method, such as,
deposition, spin-coating or roller-coating.

[0101] S203: forming an active layer on the gate insulating
layer.
[0102] For example, an amorphous silicon (a-Si) film and

an n+ amorphous silicon film with a total thickness of 1000 A
to 6000 A may be deposited on the gate insulating layer using
CVD. Alternatively, a metal oxide semiconductor film may be
deposited on the gate insulating layer. A mask for the active
layer may be used to expose the a-Si film, which is then dry
etched to form an active layer on the gate insulating layer.
Furthermore, ifit is the metal oxide semiconductor film that is
deposited on the gate insulating layer as the active layer, then
the active layer may be formed through a patterning process
on the metal oxide semiconductor film. That is, after applying
photoresist, a mask may be used to expose, develop and etch
the metal oxide semiconductor film to form the active layer.
[0103] S204: forming a metal conducting film on the sub-
strate and then forming a source electrode, a drain electrode,
adata line and a transversal sensing line through a patterning
process.
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[0104] For example, similar to the method of fabricating
the gate electrode, a metal conducting film with a thickness of
1000 A to 7000 A may be formed on the substrate. A metal
material for fabricating the metal conducting film generally
may be molybdenum, aluminum, aluminum nickel alloy,
molybdenum tungsten alloy, chrome, copper etc. The metal
conducting film may be a laminated film layer made of the
above materials. Then, the source electrode, the drain elec-
trode, the data line and the transversal sensing line are formed
by using a mask to perform patterning processes including
exposing, developing, etching and peeling. The films may be
formed by means of PECVD, magnetron sputtering, thermal
evaporation and other conventional method for fabricating
film.

[0105] S205: forming a passivation layer overlaying the
substrate.
[0106] Forexample, a passivation layer with a thickness of

1000 A to 6000 A is deposited on the whole surface of the
substrate. A material of the passivation layer may be oxide
such as silicon dioxide. In this case, the passivation layer
overlays the gate electrode, the source electrode, the drain
electrode, the second sensing line or the first sensing line.
[0107] S206: forming via holes going through the passiva-
tion layer above the drain electrode, the transversal sensing
line and the longitudinal sensing line respectively.

[0108] S207: forming a layer of first conducing film on the
passivation layer and forming a pixel electrode functioning as
a first conducting electrode as well as a first signal electrode
and a second signal electrode through a single patterning
process.

[0109] The pixel electrode is electrically connected to the
drain electrode through the via hole above the drain electrode,
the first signal electrode is electrically connected to a first
sensing line through the via hole above the first sensing line,
a second signal electrode is electrically connected to the
second sensing line through the via hole above the second
sensing line. The first sensing line is the transversal sensing
line and the second sensing line is the longitudinal sensing
line. Alternatively, the second sensing line is the transversal
sensing line and the first sensing line is the longitudinal sens-
ing line. It can be understood that the terms “longitudinal”
and “transversal” means relative positions and only used to
illustrate relative position relationship of the first sensing line
and the second sensing line. Therefore, it can be understood
that if the first sensing line is a longitudinal sensing line then
the second sensing line is a transversal sensing line; on the
contrary, if the first sensing line is a transversal sensing line
then the second sensing line is a longitudinal sensing line.
[0110] For steps following S207 please refer to S101 to
$107, which will not be elaborated here.

[0111] S208: forming an insulating layer overlaying the
pixel electrode as well as the first signal electrode and the
second signal electrode.

[0112] S209: forming a via hole in the insulating layer
above the pixel electrode.

[0113] S210: forming an EL layer in the via hole.

[0114] For example, the substrate is placed in a vacuum
chamber and multiple organic films are deposited above the
pixel electrode to form the EL layer, where an average thick-
ness of the films is 350 A+25 A.

[0115] Optionally, it may further comprising the following
before step S210: forming a hole transmission layer between
the first conducting electrode and the EL layer, and a material
of the hole transmission layer is for example aromatic
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diamine, such as N,N,N', N'-tetraphenyl-1,1'-biphenyl-4,4'-
diamine (TPD), C,3Hs,N, (TAD) and the like.

[0116] It may further comprising the following after step
S210: forming an electron transmission layer between the
second conducting electrode and the EL, where a material of
the electron transmission layer is 8-Hydroxyquinoline alumi-
num (Alg3), 8-Hydroxyquinoline zinc (Zng2) and the like.
[0117] S211: forming a second conducting film overlaying
the EL layer and the insulating layer as a second conducting
electrode.

[0118] It is noted that when an electron transmission layer
is formed between the second conducting electrode and the
EL layer, the second conducting electrode formed in step
S211 overlays the electron transmission layer.

[0119] Optionally, step S211 may further comprising: per-
forming a patterning process on the second conducting elec-
trode to remove the portion of the second conducting elec-
trode located directly above the first and second signal
electrodes. An equivalent circuit of the OLED formed with
this optional step is illustrated in FIG. 6. The optional step can
also be performed with the patterning process for forming the
second conducting electrode and no additional exposing pro-
cess 1s required.

[0120] S212: forming an encapsulating layer overlaying
the second conducting electrode.

[0121] In the method for fabricating the touch display
device as provided by the embodiment of the invention, the
projected capacitance used for touch is simultaneously
formed during the fabrication of the OLED, two separate
signal sensing elements in the longitudinal and transversal
directions are formed for each pixel elements, which may
improves the sensitivity of the touch screen product. More-
over, the product cost is reduced due to the signal electrodes
as the projected capacitance and the pixel electrode of the
LED are formed in the same layer.

[0122] What are described above is related to the illustra-
tive embodiments of the disclosure only and not limitative to
the scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.

What is claimed is:

1. An organic light emitting diode, comprising:

a substrate;

apixel electrode functioning as a first conducting electrode

on the substrate;

a first signal electrode and a second signal electrode dis-

posed on the same layer as the pixel electrode;

an insulating layer overlaying the first signal electrode and

the second signal electrode;

an EL layer overlaying the pixel electrode, a laminated

layer of the EL layer and the pixel electrode is in the
same layer as the insulating layer;

a second conducting electrode overlaying at least the EL

layer; and

an encapsulating layer overlaying at least the second con-

ducting electrode.

2. The organic light emitting diode of claim 1, wherein the
first conducting electrode is an anode of the organic light
emitting diode, and the second conducting electrode is a
cathode of the organic light emitting diode.

3. The organic light emitting diode of claim 2, further
comprising a hole transmission layer disposed between the
anode and the EL layer.
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4. The organic light emitting diode of claim 2, further
comprising an electron transmission layer disposed between
the cathode and the EL layer.

5. The organic light emitting diode of claim 1, wherein the
insulating layer is an organic insulating layer.

6. The organic light emitting diode of claim 1, wherein a
portion of the second conducting electrode located directly
above the first signal electrode and the second signal elec-
trode is removed.

7. A method for fabricating an organic light emitting diode
comprising:

forming a first conducting film on a substrate;

forming a pixel electrode as well as a first signal electrode

and a second signal electrode through a single patterning
process, wherein the pixel electrode functions as a first
conducting film;

forming an insulting layer overlaying the pixel electrode as

well as the first signal electrode and the second signal
electrode;

forming a via hole in the insulating layer above the pixel

electrode;
forming an EL layer in the via hole;
forming a second conducting film overlaying the EL layer
and the insulating layer, wherein the second conducting
film functions as a second conducting electrode;

forming an encapsulating layer overlaying at least the sec-
ond conducting electrode.

8. The method of claim 7, further comprising: performing
a patterning process on the second conducting electrode to
remove the portion of the second conducting electrode
located directly above the first signal electrode and the second
signal electrode.

9. The method of claim 7, further comprising: forming a
hole transmission layer between the first conducting elec-
trode and the EL layer, and forming an electron transmission
layer between the second conducting electrode and the EL
layer.

10. A touch display device comprising: a plurality of dis-
play elements arranged in an array, wherein each of the dis-
play elements comprises a pixel element surrounded by a gate
line and a data line, and the pixel elements comprises the
OLED of claim 1.

11. The touch display device of claim 10, further compris-
ing: a plurality of first sensing lines arranged parallel to each
other and a plurality of second sensing lines arranged parallel
to each other, the first sensing lines and the second sensing
lines intersect with each other but are not electrically con-
nected with each other, the first signal electrode of the OLED
is electrically connected to the first sensing lines, the second
signal electrode of the OLED is electrically connected to the
second sensing lines.

12. The touch display device of claim 10, wherein the first
sensing lines are in the same layer as the data line, the second
sensing lines are in the same layer as the gate line.

13. The touch display device of claim 10, wherein the first
sensing lines are in the same layer as the gate line, the second
sensing lines are in the same layer as the data line.

14. A method for fabricating a touch display device com-
prising:

forming a metal conducting film on a substrate and forming

a gate electrode, a gate line and a longitudinal sensing
line through a patterning process;

forming a gate insulating layer overlaying the substrate;

forming an active layer on the gate insulating layer;



US 2014/0091286 Al

forming a metal conducting film on the substrate and form-
ing a source electrode, a drain electrode, a data line and
a transversal sensing line through a patterning process;

forming a passivation layer overlaying the substrate;

forming via holes going through the passivation layer
above the drain electrode, the transversal sensing line
and the longitudinal sensing line;

forming a first conducing film on the passivation layer and
forming a pixel electrode functioning as a first conduct-
ing electrode as well as a first signal electrode and a
second signal electrode through a single patterning pro-
cess, wherein the pixel electrode is electrically con-
nected to the drain electrode through the via hole above
the drain electrode, the first signal electrode is electri-
cally connected to the transversal sensing line through
the via hole above the transversal sensing line, the sec-
ond signal electrode is electrically connected to the lon-
gitudinal sensing line through the via hole above the
longitudinal sensing line;

forming an insulating layer overlaying the pixel electrode
as well as the first signal electrode and the second signal
electrode;

forming a via hole in the insulating layer above the pixel
electrode;

forming an EL layer in the via hole;

forming a second conducting film overlaying the EL layer
and the insulating layer, wherein the second conducting
film functions as a second conducting electrode;
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forming an encapsulating layer overlaying at least the sec-

ond conducting electrode.

15. The method of claim 14, further comprising: perform-
ing a patterning process on the second conducting electrode
to remove the portion of the second conducting electrode
located directly above the first signal electrode and the second
signal electrode.

16. The method of claim 14, further comprising:

forming a hole transmission layer between the first con-

ducting electrode and the EL layer; and

forming an electron transmission layer between the second

conducting electrode and the EL layer.

17. The organic light emitting diode of claim 2, wherein a
portion of the second conducting electrode located directly
above the first signal electrode and the second signal elec-
trode is removed.

18. The organic light emitting diode of claim 3, wherein a
portion of the second conducting electrode located directly
above the first signal electrode and the second signal elec-
trode is removed.

19. The organic light emitting diode of claim 4, wherein a
portion of the second conducting electrode located directly
above the first signal electrode and the second signal elec-
trode is removed.

20. The organic light emitting diode of claim 5, wherein a
portion of the second conducting electrode located directly
above the first signal electrode and the second signal elec-
trode is removed.
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