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7) ABSTRACT

An in-cell OLED touch display panel structure includes an
upper substrate, a lower substrate, an OLED layer configured
between the upper and lower substrates, and a black matrix
layer. The black matrix layer is disposed at one surface of the
upper substrate that faces the OLED layer, and the black
matrix layer is composed of a plurality of opaque conductor
lines. The plurality of opaque conductor lines is divided into
a first group of opaque conductor lines, a second group of
opaque conductor lines, and a third group of opaque conduc-
tor lines. The second group of opaque conductor lines is
formed with N mesh-like polygonal regions. The opaque
conductor lines in any one of the polygonal regions are elec-
trically connected together, while any two polygonal regions
are not connected, so as to form a single-layered touch sens-
ing pattern on the black matrix layer.

11 Claims, 7 Drawing Sheets
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1
IN-CELL OLED TOUCH DISPLAY PANEL
STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefits of the Taiwan Patent
Application Serial Number 102215172, filed on Aug. 13,
2013, the subject matter of which is incorporated herein by
reference.

This application is a continuation-in-part (CIP) of U.S.
Patent application for an “in-cell touch display panel struc-
ture”, U.S. application Ser. No. 13/795,788, filed on Mar. 12,
2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a structure of touch display
panel and, more particularly, to an in-cell OLED touch dis-
play panel structure.

2. Description of Related Art

Among many types of flat panel displays, the organic light
emitting diode display (OLED) technology is the one with
great potential. OLED was first published by Fastman Kodak
Co. in 1987. It has the features of thinness, light weight,
self-illumination, low driving voltage, high efficiency, high
contrast, high color saturation, fast response, flexibility, etc.,
and is therefore deemed as positively evaluated display tech-
nology following the TFT-LCD.

In recent years, due to the development of mobile commu-
nications, digital products and digital televisions, the demand
for high-quality full-color flat-panel displays is rapidly
increased. The OLED display is provided with not only the
advantages of LCD display including thinness, power-saving,
and full-color display, but also the features of wide viewing
angle, self-illumination, and fast response that are better than
LCD.

FIG. 1 schematically illustrates the basic structure of prior
OLED display. The OLED display 100 includes a cathode
layer 110, an OLED layer 120, an anode layer 130, a thin film
transistor layer 140, a lower substrate 150, and an upper
substrate 160, wherein the OLED layer 120 further includes a
hole transporting layer (HTL) 121, an emitting layer 123, and
an electron transporting layer (ETL) 125.

The light-emitting principle of OLED is such that the elec-
trons and electric holes are injected from the cathode layer
110 and the anode layer 130 respectively by applying electric
field and, after the electric holes pass through the electric hole
transport sub-layer 121 and electrons pass through the elec-
tron transport sub-layer 125, the electrons and electric holes
enter the light-emitting layer 123 with fluorescent character-
istics and then are combined to produce excited photons,
which immediately release energy and return to the ground
state. The released energy will generate different colors of
light based on different luminescent materials, so as to cause
OLED to emit light.

Full-color OLED display method can be divided into RGB
pixels placement method, color conversion method, color
filter method, micro resonant tone color method, multi-layer
stacking method, and so on. The principle of the color filter
method of OLED is the same with that of the full-color LCD
display method, except that it just uses white OLED light and
uses color filters to filter out red, blue, and green primary
colors. Due to the use of a single OLED light source, the
lifetime of the red, blue and green primary colors is the same
and thus there is no color distortion phenomenon. Moreover,
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it can be combined with the mature color filter technology for
mass production. Thus, many manufacturers adopt the color
filter method as the method of full-color OLED display.

The conventional touch display panel includes a touch
panel and a display unit overlapped with the touch panel. The
touch panel is configured as an operation interface. The touch
panel is transparent so that an image generated by the display
unit can be viewed directly by a user without being sheltered
by the touch panel. Such well known skill of the touch panel
may increase additional weight and thickness of the touch
display panel, and may further reduce the light penetration
rate, and increase reflectance and haze of the touch display
panel.

On-cell and in-cell touch technology are invented to over-
come the drawbacks of traditional touch technology
described above. The on-cell technology is to dispose a touch
sensoron a thin film and then bond the thin film onto the upper
side of the upper glass substrate layer. The in-cell touch
technology is provided to integrate the touch sensor within
the display unit so that the display unit is provided with the
ability of the touch panel. Therefore, the touch display panel
does not need to be bonded with an additional touch panel so
as to simplify the assembly procedure. Such skill is generally
developed by display panel manufactures.

For the on-cell touch technology, it needs a sensing layer to
be configured on an upper glass substrate or needs to use an
upper substrate to increase touch sensing electrode, which not
only increases the manufacturing cost but also complicates
the manufacturing process, and which may also lower the
aperture ratio and thus increase the manufacturing cost.
Therefore, it desired for the aforementioned OLED touch
display panel structure to be improved.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an in-cell
OLED touch display panel structure capable of significantly
decreasing the thickness and weight of the OLED touch dis-
play panel, greatly saving the material cost and reducing the
manufacturing cost.

To achieve the object, there is provided an in-cell OLED
touch display panel structure, which comprises: an upper
substrate; a lower substrate parallel to the upper substrate; an
OLED layer configured between the upper substrate and the
lower substrate; a black matrix layer disposed at one surface
of the upper substrate and facing the OLED layer, the black
matrix layer being composed of a plurality of opaque con-
ductor lines; a thin film transistor layer disposed at the surface
of the lower substrate facing the OLED layer, wherein, the
plurality of opaque conductor lines are divided into a first
group of opaque conductor lines, a second group of opaque
conductor lines, and a third group of opaque conductor lines,
the second group of opaque conductor lines being formed
with N polygonal regions, where N is a positive integer, the
opaque conductor lines in any one of the polygonal regions
being electrically connected together while any two polygo-
nal regions are not connected, so as to form a single-layered
touch pattern on the black matrix layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates the basic structure of prior
OLED display;

FIG. 2 is a stack-up diagram of the in-cell OLED touch
display panel structure in accordance with the present inven-
tion;

FIG. 3 shows a prior black matrix layer;
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FIG. 4 is a schematic diagram of the black matrix layer in
accordance with the present invention;

FIG. 5 is a detail view of the black matrix layer in accor-
dance with the present invention;

FIG. 6 is another detail view of the black matrix layer in
accordance with the present invention; and

FIG. 7 is another stack-up diagram of the in-cell OLED
touch display panel structure in accordance with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 2 is the stack-up diagram of an in-cell OLED touch
display panel structure 200 in accordance with the present
invention. As shown, the in-cell OLED touch display panel
structure 200 includes an upper substrate 210, a lower sub-
strate 220, an OLED layer 230, a black matrix layer 240, a
color filter layer 250, an over coating layer 260, a cathode
layer 270, an anode layer 280, and a thin film transistor (TFT)
layer 290.

The upper substrate 210 and the lower substrate 220 are
preferably glass substrates or plastic substrates, and are par-
allel to each other. The OLED layer 230 is disposed between
the upper and lower substrates 210, 220.

The black matrix layer 240 is disposed at one surface of the
upper substrate 210 that faces the OLED layer 230, and the
black matrix layer 240 is composed of a plurality of opaque
conductor lines.

FIG. 3 shows a prior black matrix layer. As shown in FIG.
3, the prior black matrix layer is composed of lines of insu-
lating material that are black and opaque. The lines 301 of
black insulating material are arranged as a checkerboard pat-
tern and a color filter is disposed in the areas 303 among the
lines of black insulating material.

In the present invention, the opaque black insulating mate-
rial of the black matrix layer are replaced by opaque conduc-
tive material, and a touch sensing pattern structure is formed
on the black matrix layer. Therefore, there is no need to
dispose a sensing electrode layer (ITO) on the upper substrate
210 or the lower substrate 220 of the OLED panel, thereby
saving the manufacturing cost simplifying the assembly pro-
cedure, and further improving the panel yield.

FIG. 4 is a schematic diagram of the black matrix layer 240
in accordance with the present invention. As shown in FIG. 4,
the black matrix layer 240 is composed of a plurality of
opaque conductor lines. The opaque conductor lines of the
black matrix layer 240 are arranged in vertical and horizontal
direction and they are across each other.

The opaque conductor lines of the black matrix 240 are
made of material having characteristics of opaque and electric
conduction. In this embodiment, the opaque conductor lines
are made of black conductive material or combination of
opaque non-conductive material and conductive metal mate-
rial; wherein, the black conductive material is chromium, the
opaque non-conductive material is black resin, the conductive
metal material is selectively to be chromium, barium, alumi-
num, silver, copper, titanium, nickel, tantalum, cobalt, tung-
sten, magnesium, calcium, potassium, lithium, indium, or
their alloy.

The plurality of opaque conductor lines are divided into a
first group of opaque conductor lines 410, a second group of
opaque conductor lines 420, and a third group of opaque
conductor lines 430.

The second group of opaque conductor lines 420 1s formed
with N mesh-like polygonal regions denoted by numerals
42-1 to 42-N, where N is a positive integer. The opaque
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conductor lines in any one of the mesh-like polygonal regions
are electrically connected together, while any two mesh-like
polygonal regions are not electrically connected, so as to form
a single-layered touch sensing pattern on the black matrix
layer 240. Each of the mesh-like polygonal regions 42-1 to
42-N may be formed ina triangle, rectangle, square, rhombus,
hexagon, octagon, or round shape. In this embodiment, the
mesh-like polygonal regions 42-1 to 42-N are formed in
rectangle shapes.

The third group of opaque conductor lines 430 is formed
with N conductive traces denoted by numerals 43-1 to 43-N,
where N is a positive integer. Each of the N conductive traces
is electrically connected to a corresponding mesh-like
polygonal region 42-1 to 42-N, i.e., the conductive traces
43-1 to 43-N are electrically connected to the mesh-like
polygonal regions 42-1 to 42-N; respectively, while any two
conductive traces 43-1 to 43-N are not electrically connected.
The first group of opaque conductor lines 410 is not electri-
cally connected with the second group of opaque conductor
lines 420 and the third group of opaque conductor lines 430.

FIG. 5 is a detail view of the black matrix layer 240 in
accordance with the present invention. As shown in FIG. 5,
the first group of opaque conductor lines 410 is spaced apart
from (i.e., not electrically connected to) the second group of
opaque conductor lines 420 and the third group of opaque
conductor lines 430. In other words, the first group of opaque
conductor lines 410 and the second groups of opaque con-
ductor lines 420 are not connected by cutting off opaque
conductor lines, as indicated by small squares in F1G. 5, in the
prior black matrix layer. Similarly, the first group of opaque
conductor lines 410 and third group of opaque conductor
lines 430 are not connected by cutting off conductor lines, as
indicated by small squares in FIG. 5, in the prior black matrix
layer. Therefore, the second group of opaque conductor lines
420 can be formed with a single-layered touch sensing pattern
on the black matrix layer 240. It is noted that cutting the
conductive lines herein does not mean to first form the prior
black matrix layer and then cut off corresponding conductive
lines. Instead, when proceeding with mask layout of the black
matrix 240, the first group of opaque conductor lines 410 and
the second group of opaque conductor lines 420 are formed
by using layout tools, such as Laker or Virtuso, to allow the
mask to be capable of spacing the first group of opaque
conductor lines 410, the second group of opaque conductor
lines 420 and the third group of opaque conductor lines 430
from one another. Accordingly, there is no additional proce-
dure required in the OLED manufacturing process.

FIG. 6 is another detail view of the black matrix layer 240
in accordance with the present invention. As shown in FIG. 6,
the N mesh-like polygonal regions 42-1 to 42-N are formed in
round shapes that are deemed as the mesh-like polygonal
regions with infinite number of edges.

The color filter layer 250 is disposed among the plurality of
opaque conductor lines of the black matrix layer 240 and on
the surface of the plurality of opaque conductor lines.

The over coating layer 260 is disposed on the surface of the
color filter layer 250.

The thin film transistor layer 290 is disposed at one side of
the lower substrate 220 that faces the OLED layer 230. The
thin film transistor layer 290 includes K gate lines and L
source lines, wherein K and L are positive integers. The gate
lines and source lines are well-known to those skilled in the
art of display panel, and thus are not shown in the figures.
Based on a display pixel signal and a display driving signal, a
corresponding pixel driving circuit 291 is driven so as to
proceed with display operation. The K gate lines and the L
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source lines are disposed at positions corresponding to the
positions of the plurality of opaque conductor lines.

In addition to the gate lines and source lines, the thin film
transistor layer 290 further includes a plurality of pixel driv-
ing circuits 291. Based on a display pixel signal and a display
driving signal, the thin film transistor layer 290 drives a
corresponding pixel driving circuit 291 so as to proceed with
display operation.

According to different designs of the pixel driving circuit
291, such as 2T1C being a pixel driving circuit formed with
two thin film transistors and a storage capacitor, and 6T2C
being a pixel driving circuit formed with six thin film transis-
tors and two storage capacitors. The gate 2911 of at least one
thin film transistor in the pixel driving circuit 291 is con-
nected to a gate line (not shown). According to different
designs of driving circuit, a source/drain 2913 of at least one
thin film transistor in a control circuit is connected to a source
line (not shown) and a source/drain 2915 of at least one thin
film transistor in pixel driving circuit 291 is connected to a
corresponding anode pixel electrode 281 of the anode layer
280.

The cathode layer 270 is disposed at one side of the over
coating layer 260 facing the OLED layer 230 and between the
upper substrate 210 and the OLED layer 230. The cathode
layer 270 is formed with metal material, preferably metal
material with thickness being less than 50 nm. The metal
material is selectively to be aluminum, silver, magnesium,
calcium, potassium, lithium, indium, their alloy, or combina-
tion of lithium fluoride, magnesium fluoride, lithium oxide.
Due to the thickness of the cathode layer 270 being less than
50 nm, the light generated by the OLED layer 230 can pass
through it, so as to show images on the upper substrate 210.
The cathode layer 270 is intact piece electrical connection, so
that it can be used as a shielding. Moreover, the cathode layer
270 also receives the current coming from the anode pixel
electrode 281.

The anode layer 280 is disposed at one side of the thin film
transistor layer 290 facing the OLED layer 230. The anode
layer 280 includes a plurality of anode pixel electrodes 281.
Each of the anode pixel electrodes 281 is corresponding to
one pixel driving transistor of the pixel driving circuit 291 of
the thin film transistor layer 290. That is, each of the anode
pixel electrodes 281 is connected to a source/drain of the pixel
driving transistor of the corresponding pixel driving circuit
291, so as to form a pixel electrode of a specific color, for
example a red pixel electrode, a green pixel electrode, a blue
pixel electrode, or a white pixel electrode which is adopted in
the present invention.

The OLED layer 230 includes a hole transporting layer
231, an emitting layer 233, and an electron transporting layer
235. The OLED layer 230 is preferably emitting white light,
and using the color filter layer 250 to filter out and to generate
red, blue, green primary colors.

FIG. 7 is another stack-up diagram of the in-cell OLED
touch display panel structure 700 in accordance with the
present invention, which is similar to the in-cell OLED touch
display panel structure of FIG. 2 except that the positions of
the cathode layer 710 and the anode layer 720 are exchanged
to each other. The cathode layer 710 includes a plurality of
cathode pixel electrodes 711. Each of the cathode pixel elec-
trodes 711 is corresponding to one pixel driving transistor of
the pixel driving circuit 291 of the thin film transistor layer
290. That is, each of the cathode pixel electrodes 711 is
connected to a source/drain 2915 of the pixel driving transis-
tor of the corresponding pixel driving circuit 291, so as to
form a pixel electrode of a specific color, for example a red
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6

pixel electrode, a green pixel electrode, a blue pixel electrode,
or a white pixel electrode adopted in the present invention.

As shown in FIG. 7, the positions of the cathode layer 710
and the anode layer 720 are exchanged to each other. In order
to match with the positions of cathode layer 710 and the anode
layer 720, the positions of the hole transporting layer 731 and
the electron transporting layer 735 are also exchanged to each
other. The cathode layer 710 includes a plurality of cathode
pixel electrodes 711. Each of the cathode pixel electrodes 711
is connected to a source/drain 2915 of the pixel driving tran-
sistor of the corresponding pixel driving circuit 291.

In view of the foregoing, it is known that the present inven-
tion is capable of forming a single-layered touch pattern on
the black matrix layer 240, so as to have the following advan-
tages:

1. There is no need to have a sensing electrode layer formed
on the upper substrate or lower substrate of the OLED panel,
thereby lowering the cost and decreasing the number of
manufacturing steps; and

2. In the prior art, the electrode pads made of ITO have an
average light penetration rate of about 90%. In the present
invention, the N mesh-like polygonal regions 42-1 to 42-N,
and N conductive traces 43-1 to 43-N are made of the opaque
conductor lines, so that the light penetration rate is not influ-
enced. Therefore, the light penetration rate of the present
invention is much better than that of the prior art. Accord-
ingly, in comparison with the prior touch display panel, the
in-cell OLED touch display panel structure in accordance
with the present invention shall have a higher brightness.

Although the present invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. Anin-cell OLED touch display panel structure, compris-
ing:

an upper substrate;

a lower substrate parallel to the upper substrate;

an OLED layer configured between the upper substrate and
the lower substrate;

a black matrix layer disposed at one surface of the upper
substrate and facing the OLED layer, the black matrix
layer being composed of a plurality of opaque conductor
lines; and

a thin film transistor layer disposed at the surface of the
lower substrate facing the OLED layer,

wherein the plurality of opaque conductor lines are divided
into a first group of opaque conductor lines, a second
group of opaque conductor lines, and a third group of
opaque conductor lines, the second group of opaque
conductor lines being formed to be N mesh-like polygo-
nal regions, where N is a positive integer, the opaque
conductor lines in any one of the mesh-like polygonal
regions being electrically connected together while any
two mesh-like polygonal regions are not connected,
each polygonal region being a sensor electrode, so as to
form a single-layered touch pattern on the black matrix
layer;

wherein the third group of opaque conductor lines is
formed to be N conductive traces, each of the N conduc-
tive traces being electrically connected to a correspond-
ing mesh-like polygonal region, while any two conduc-
tive traces are not connected;

wherein the first group of opaque conductor lines is not
connected to the second group of opaque conductor lines
and the third group of opaque conductor lines.
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2. The in-cell OLED touch display panel structure as
claimed in claim 1, wherein the plurality of opaque conductor
lines of the black matrix layer is arranged in a first direction
and a second direction.

3. The in-cell OLED touch display panel structure as
claimed in claim 2, wherein the first direction is vertical to the
second direction.

4. The in-cell OLED touch display panel structure as
claimed in claim 3, wherein the mesh-like polygonal region
has a shape of triangle, rectangle, square, rhombus, hexago-
nal, octagon or round.

5. The in-cell OLED touch display panel structure as
claimed in claim 4, wherein the plurality of opaque conductor
lines of the black matrix are made of conductive metal mate-
rial or combination of opaque non-conductive material and
conductive metal material.

6. The in-cell OLED touch display panel structure as
claimed in claim 5, wherein the conductive metal material is
selectively to be chromium, barium, aluminum, silver, cop-
per, titanium, nickel, tantalum, cobalt, tungsten, magnesium,
calcium, potassium, lithium, indium, their alloy, or combina-
tion of lithium fluoride, magnesium fluoride, lithium oxide.

7. The in-cell OLED touch display panel structure as
claimed in claim 6, wherein the thin film transistor layer
include K gate lines and [ source lines for driving corre-
sponding pixel driving transistor and pixel capacitor based on
a display pixel signal and a display driving signal, so as to
perform a display operation, where K and L are each a posi-
tive integer.

8. The in-cell OLED touch display panel structure as
claimed in claim 7, wherein the K gate lines and the L source
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lines are disposed at positions corresponding to those of the
plurality of opaque lines of the black matrix layer.
9. The in-cell OLED touch display panel structure as
claimed in claim 8, further comprising:
a color filter layer disposed at one surface of the black
matrix layer and facing the OLED layer; and
an over coating layer disposed on a surface of the color
filter.
10. The in-cell OLED touch display panel structure as
claimed in claim 9, further comprising:

a cathode layer disposed at one side of the over coating
layer facing the OLED layer; and

an anode layer disposed at one side of the thin film transis-
tor layer facing the OLED layer, the anode layer includ-
ing a plurality of anode pixel electrodes, each of the
anode pixel electrodes being connected to a source/drain
of the pixel driving transistor of a corresponding pixel
driving transistor.

11. The in-cell OLED touch display panel structure as

claimed in claim 9, further comprising:

a cathode layer disposed at one side of the thin film tran-
sistor layer facing the OLED layer, the cathode layer
including a plurality of cathode pixel electrodes, each of
the cathode pixel electrodes being connected to a source/
drain of the pixel driving transistor of a corresponding
pixel driving transistor; and

an anode layer disposed at one side of the over coating layer
facing the OLED layer.

* ok %k



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,214,501 B2 Page 1of1
APPLICATION NO. . 14/457449

DATED : December 15, 2015

INVENTOR(S) . Hsiang-Yu Lee

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page

(73) Assignee should be changed from “MEI, INC., Malvern, PA (US)” to --SUPERC-TOUCH
CORPORATION, New Taipei City (TW)--.

Signed and Sealed this
First Day of August, 2017

o)
i3
A

"y
i

o
o fﬁﬁg‘

K
&

s

S f g
EA TR . QN FN
gt WGP :
Xl ;
Joseph Matal
Performing the Functions and Duties of the

Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office



THMBW(EF)

(57190 18 (% FAR) A (i)
B (E R A ()

HAT R E (TR AGE)

#RIRBAA
RHA
IPCH %5
CPCH %5

LR

H Ath 237 32k
N33

BEGF)

—H®A#HXOLEDMIL & RERSEH , B LER , TER  RETLE
RETFEFZEAMOLEDE , LR BERE. BEREREE L ERNE
SOLEDEW —MNRAL , BEREHS N TEANSLAR. SRTE
AEKHRE—ATERSL  F-ATERSLNE=ATERS

%, BCATERSHRLTRENI MRS K, EA—PSBHE
BN TERS L BERE R, MEARSRHRARER , M
EERGERE LR EMEINER, 2%

MERROLEDAR IR B R E ARG 19

US9214501 AN
US14/457449 iR
EEERHERAT

SUPERC-TOUCH CORPORATION

MEI , INC.

LEE HSIANG YU

LEE, HSIANG-YU

HO1L27/32 GO6F3/044 HO1L51/52 GO6F3/041

HO1L27/323 GO6F3/044 GO6F3/0412 HO1L51/5284

101204479 2012-03-13 TW
102215172 2013-08-13 TW

US20140346493A1

Espacenet USPTO

patsnap

2015-12-15

2014-08-12

3B 20145



https://share-analytics.zhihuiya.com/view/2721f6f7-2574-4a4a-88a7-f47a17eee2d5
https://worldwide.espacenet.com/patent/search/family/051934789/publication/US9214501B2?q=US9214501B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9214501.PN.&OS=PN/9214501&RS=PN/9214501

