US 20160358525A1

12) Patent Application Publication (o) Pub. No.: US 2016/0358525 Al

a9y United States

HUANG et al. (43) Pub, Date: Dec. 8, 2016
(54) TOUCH DISPLAY PANEL AND TEST GO2F 1/1343 (2006.01)
METHOD THEREOF GO2F 1/1368 (2006.01)
GO6F 3/041 (2006.01)
(71) Applicant: InnoLux Corporation, Miao-Li County GO2F 1/1335 (2006.01)
(TW) (52) US. CL
CPC . G09G 3/006 (2013.01); GO6F 3/0412

(72) Inventors: Sheng-Feng HUANG, Miao-Li County
(TW); Chien-Feng SHIH, Miao-Li
County (TW)

(21) Appl. No.: 15/167,897

(2013.01); GO6F 3/044 (2013.01); GO2F
/133345 (2013.01); GO2F 1/13338 (2013.01);
GO2F 1/133514 (2013.01); GO2F 1/1337
(2013.01); GO2F 1/134336 (2013.01); GO2F
1/13439 (2013.01); GO2F 1/1368 (2013.01);
GO2F 1/136286 (2013.01); GO9G 2300/0426

(22) Filed:  May 27, 2016 (2013.01); GO9G 2310/0251 (2013.01)
(30) Foreign Application Priority Data (57) ABSTRACT
Jun. 8,2015  (TW) v 104118458  The invention provides a touch display panel, including: a
lower substrate where a common electrode layer, a first test
Publication Classification pad, and a second test pad are formed, an upper substrate
disposed above the common electrode layer, a liquid crystal
(51) Imt. CL layer sandwiched between the upper substrate and lower
G0IG 3/00 (2006.01) substrate, wherein the common electrode layer is divided
GOG6F 3/044 (2006.01) into a plurality of common electrode blocks arranged in a
GO2F 1/1333 (2006.01) matrix, and any two adjacent common electrode blocks of
GO2F 1/1362 (2006.01) the plurality of common electrode blocks are coupled to the
GO2F 1/1337 (2006.01) first test pad and the second test pad, respectively.
10
L L s~ 18
—~17

LT i i a0

v~ 11




US 2016/0358525 A1

Sheet 1 of 10

Patent Application Publication  Dec. 8, 2016

[ DI
11—~ AN L oo
I~
ce1~77.7.""/" s S
el — _ [ 1 _ I A _ i
PET -~ 5/\\ €1 (5 _
N _ —J———_ _/f___\N_—"TJ__f___\N_—J—/—___/___1
Sy P s Sy i s Sy, N s I Sy Wi et N Sy W gt
:JAW%%Q%Q%Q%QOO
vl O O 0O O O OO O O
m~2 OONNONONNNNNNNN N OUOSONONNIONONNNNNNY OONNONONNNNNN
9 —
LT—
8T — A AN A
o1

e



US 2016/0358525 A1

Dec. 8,2016 Sheet 2 of 10

Patent Application Publication

¢ DId

[

€T

T-+UIM —

[+WS!

ws

— UIA\

um
- — M

IS
1S
THM~  —THM
T~
THS § ¢S ¢
[+S IS

us




US 2016/0358525 A1

Dec. 8,2016 Sheet 3 of 10

Patent Application Publication

d¢ DIA
“l_ |||||||||||||||||||| _w_r\:m
e “ | - LdL
| I T
Q\)T\ “
| |
es— (@) a
€€ — I e _
d—_|
(x0) D
— —— U
e (Us) 1g S M
) 9)
_ ] _(”q
SE— 18D~ d—] (us) 19

9 ~— N
(Axd) 74

Ve DId

ug AQqQ—
LAL
15D )\I_I N
\ L
£X] I*I T _um
XD



Patent Application Publication  Dec. 8,2016 Sheet 4 of 10 US 2016/0358525 Al

2
LN N %
L s
-
©
[
2
il =
2
H il z

VCOMI1
VCOM2

SB VCOM



Patent Application Publication  Dec. 8,2016 Sheet 5 of 10 US 2016/0358525 Al

FIG. 5B

= S S

FIG. 5A




US 2016/0358525 A1

Dec. 8,2016 Sheet 6 of 10

Patent Application Publication

9 Dl o . 19~ F—
c—— o or 179~
s NN K €9~
~+Emm IS
1z—— .
oS ] 1-1S
cz——1| : . .
THM— —T+HM
[+WM — T ~ WA ZM —] S TUY | YN
+HIS .. 7S .
I+S IS
i = g STt
LS \ﬁ_ ) 1MS”] LAS \_.L
> \ V : i L 2 i
Vo
— £9 29 19
09



US 2016/0358525 A1

Dec. 8,2016 Sheet 7 of 10

Patent Application Publication

L "DId e 19~
e L o 129~ H—19
/] NI N\ 9~ 9
— s N—5—¢
._.I__I\“ AN P_“ NN €9
;pmmﬂm \_ ~ /ﬂ/ﬂ_f
IMS IMS
[-+wus} IS
[c—1—
ws 1-IS
MN\II/\ . : O\Iﬁ
THM—  (—I+HM
UM~ — |[~uwm imw— 1M
THS | zS ¢
[-+S IS
0L



US 2016/0358525 A1

Dec. 8,2016 Sheet 8 of 10

Patent Application Publication

8 "DId G o i —t—zt
A SN\ N
[+ IS
1Z—— |
ws " [-IS
¢
CHIM — — I+ M
[+ —T — WM CM — T 1M
THS TS §
+s |} IS
[ B | B | B | | |
[ i | e | sl | Jc | | I
m IMS HI_ IMS HI_ IMS ﬁ_ _
® |
|
|

I8—+— .I9




US 2016/0358525 A1

Dec. 8,2016 Sheet 9 of 10

Patent Application Publication

6 DIA
[1+d]la [dla [Zla [1]la
[+WAN WM ........ M IM
N A\ A\ N\
N\ N\ N\ N\
TMS TMS ZMS TMS _
5 Ny B ~ vLvd gs
TMS~| TAS~ TMS~ IS~ _
// | N = // = 3 —— IWODA €S
N\ AN
d . . . ZINODA
. . . — [INODA




US 2016/0358525 A1

Dec. 8,2016 Sheet 10 of 10

Patent Application Publication

0l DId

I11

II

vivd ds

INODA dS

MI

0 ZJINODA
I

Ml

0 TINOOA
I



US 2016/0358525 Al

TOUCH DISPLAY PANEL AND TEST
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 104118458, filed on Jun. 8, 2015, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to a touch display
panel, and in particular to a test method of the touch display
panel capable of testing whether common electrode blocks
are short-circuited or open-circuited and discharging pixel
electrodes.

[0004] Description of the Related Art

[0005] The touch display panel means a display panel
incorporated with touch function without a touch panel
disposed on the touch panel. For example, a LCD panel or
an OLED panel is incorporated with a touch function and
called an in-cell touch display panel. Under this structure,
the touch function is usually performed by utilizing the
existing electrodes of the display panel. Thus, additional
structures with touch function are not necessary. For
example, if the in-cell touch display panel 1s a fringe field
switching (FFS) type LCD panel, generally the common
electrode is divided into a plurality of blocks operating as
touch sensing electrodes.

[0006] A basic structure of the FFS type LCD panel is
shown in FIG. 1. The FFS type LCD panel 10, from bottom
to top, includes a lower polarizer 11, a lower substrate 12, a
thin film transistor layer 13, a liquid crystal layer 14, an
alignment layer 15, a color filter layer 16, an upper substrate
17, and an upper polarizer 18. The thin film transistor layer
13 further includes pixel electrodes 131, an insulating layer
132, a common electrode 133, and an alignment layer 134.
When the pixel electrode 131 is supplied with voltage, an
electric field is generated between the pixel electrode 131
and the common electrode 133. The generated electric field
controls liquid crystal molecules spinning in the horizontal
direction to adjust the gray level of the displaying image. In
addition, a shielding layer can be disposed at a side of the
color filter 16 facing the upper polarizer 18.

[0007] The common electrode of an usual FFS type LCD
panel is an entire plane as the common electrode 133 shown
in FIG. 1. In the touch display panel, the common electrode
is divided into a plurality of electrode blocks. Each electrode
block still operates as a common electrode during the
display period, and operates as a touch sensing electrode
during the touch sensing period to sense capacitance gen-
erated between the touch sensing electrode and an external
touch object to determine the location of the touch object.
[0008] The plurality of electrode blocks divided from the
common electrode have to be insulated to each other, so that
the electrode blocks can separately detect the touch location.
Therefore, each electrode block should be tested whether it
is insulated to the others and operates normally before the
touch display panel is assembled.

BRIEF SUMMARY OF THE INVENTION

[0009] A detailed description is given in the following
embodiments with reference to the accompanying drawings.
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[0010] To solve the aforementioned problems, the inven-
tion provides a touch display panel and a test method thereof
capable of testing whether the common electrode blocks are
short-circuited or open-circuited and discharging pixel elec-
trodes.

[0011] The invention provides a touch display panel,
including: a lower substrate where a common electrode
layer, a first test pad, and a second test pad are formed, an
upper substrate disposed above the common electrode layer,
a liquid crystal layer sandwiched between the upper sub-
strate and the lower substrate, wherein the common elec-
trode layer is divided into a plurality of common electrode
blocks, and any two adjacent common electrode blocks of
the plurality of common electrode blocks are coupled to the
first test pad and the second test pad, respectively.

[0012] In the touch display panel, the plurality of common
electrode blocks are arranged in a matrix.

[0013] In the touch display panel, a first control pad and a
plurality of first switch elements are formed on the lower
substrate, wherein at least one of the plurality of first switch
elements is coupled between one of the common electrode
blocks and one of the first test pad and the second test pad,
and the first control pad is connected to control terminals of
the plurality of first switch elements.

[0014] In the touch display panel, a plurality of data lines,
a second control pad and a plurality of second switch
elements are formed on the lower substrate, wherein at least
one of the plurality of data lines is connected to one of the
first test pad and the second test pad via one of the plurality
of the second switch elements, and the second control pad is
connected to control terminals of the plurality of second
switch elements.

[0015] In the touch display panel, an area of the lower
substrate protrudes with respect to an edge of the upper
substrate, and the first test pad, the second test pad. and the
first control pad are formed on the area of the lower
substrate.

[0016] In the touch display panel, the common electrode
block is a quadrilateral and the length of each side of the
quadrilateral is 1 mm-5 mm.

[0017] In the touch display panel, the upper substrate is a
color filter substrate and the lower substrate is a thin film
transistor substrate.

[0018] According to another aspect of the invention, the
invention provides a touch panel including: a lower substrate
where a common electrode layer is formed, an upper sub-
strate disposed above the common electrode layer, a liquid
crystal layer sandwiched between the upper substrate and
the lower substrate, wherein the common electrode layer is
divided into a plurality of common electrode blocks in a
matrix, and each of the plurality of common electrode blocks
is separately coupled to a metal wire extending to an edge of
the lower substrate.

[0019] According to another aspect of the invention, the
invention provides a test method of a touch display panel,
the touch display panel including: a plurality of pixel
electrodes, a plurality of common electrode blocks, a first
test pad and a second test pad, wherein any two adjacent
common electrode blocks of the plurality of common elec-
trode blocks are separately coupled to the first test pad and
the second test pad, wherein the test method is a common
electrode short circuit test method including: charging the
plurality of pixel electrodes to the same voltage level,
providing a first voltage level to the first test pad and a
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second voltage level not equal to the first voltage level to the
second test pad so as to make the touch display panel show
checkerboard pattern, and checking whether there are any
two adjacent checks showing the same gray level in the
checkerboard pattern.

[0020] In the test method, the touch display panel
includes: a first control pad and a plurality of first switch
elements, wherein anyone of the plurality of first switch
elements is coupled between one of the common electrode
blocks and one of the first test pad and the second test pad,
and the first control pad is connected to control terminals of
the plurality of first switch elements, and wherein the
common electrode short circuit test method includes: pro-
viding a predetermined voltage level to the first control pad
to turn on the plurality of first switch elements.

[0021] In the test method, the touch display panel
includes: a plurality of data lines, a second control pad, and
a plurality of second switch elements, wherein anyone of the
plurality of data lines is connected to one of the first test pad
and the second test pad via one of the plurality of the second
switch elements, and the second control pad is connected to
control terminals of the plurality of second switch elements,
wherein the test method is a discharge method including:
conducting the plurality of pixel electrodes with the plurality
of data lines, providing a third voltage level to the first test
pad and the test pad, and providing a predetermined voltage
level to the first control pad and the second control pad to
turn on the plurality of first switch elements and the plurality
of second switch elements to discharge the plurality of pixel
electrodes.

[0022] In the test method, the test method is a common
electrode open circuit test method including: charging the
plurality of pixel electrodes to the same voltage level,
providing a fourth voltage level to the first test pad and the
second test pad so as to make the touch display panel show
an image with the same gray level, and checking whether
there is any area with an abnormal gray level on the image.
[0023] According to the touch display panel and the test
method thereof, whether the common electrode blocks are
short-circuited or open-circuited can be tested and the pixel
electrodes can be discharged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention can be more fully understood
by reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0025] FIG. 1 is cross section of a conventional FFS type
LCD panel,

[0026] FIG. 2 is a top view of a touch display panel of the
invention;

[0027] FIG. 3A is a circuit diagram showing a pixel in
accordance with an embodiment of the invention;

[0028] FIG. 3B is a cross section showing the arrangement
of the common electrode and the thin film transistor layer in
accordance with an embodiment of the invention;

[0029] FIG. 4 is a diagram showing a common electrode
short circuit test circuit in accordance with an embodiment
of the invention;

[0030] FIG. 5Ais a diagram showing that the short circuit
test result is “normal”;

[0031] FIG. 5B is a diagram showing that the short circuit
test result is “a short circuit existed”;
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[0032] FIG. 6 is a top view of a touch display panel in
accordance with an embodiment of the invention;

[0033] FIG. 7 is a top view of a touch display panel in
accordance with another embodiment of the invention;
[0034] FIG. 8 is a top view of a touch display panel in
accordance with another embodiment of the invention;
[0035] FIG. 9 is a diagram showing a pixel electrode
discharge circuit in accordance with an embodiment of the
invention; and

[0036] FIG. 10 is a diagram of an example showing the
variation of operating voltages when the circuit of FIG. 9 is
operated in a display test mode, a common electrode short
circuit test mode, and a pixel electrode discharge mode.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] The following description is made for the purpose
of illustrating the general principles of the invention and
should not be taken in a limiting sense. The scope of the
invention is best determined by reference to the appended
claims.

[0038] FIG. 2 is a top view of a touch display panel of the
invention. As shown in FIG. 2, in a touch display panel 20,
the area where the upper substrate overlaps the lower
substrate is called an overlap area 21 in the specification.
When a LCD panel is used as an example, the upper
substrate is a color filter substrate and the lower substrate is
a thin film transistor substrate. An area of the lower substrate
protruding with respect to the upper substrate and not
covered by the upper substrate is called an outer lead
bonding (OLB) area 22 in the specification. A portion of the
overlap area 21 is substantially used to display image and
called a display area 23. As shown in FIG. 2, in the display
area 23, a common electrode is divided into a plurality of
common electrode blocks S1, S2, . .., S1, S1+1, S1+2, ..
., Sm, and Sm+!1 arranged in a matrix. Any common
electrode block Sn (n equals any integer from 1 to m+1) is
polygon, for example a quadrilateral, a hexagon, etc, but not
limited thereto. The invention gives an example wherein the
common electrode block is a quadrilateral and the length of
each side of the quadrilateral is 1 mm-5 mm. Each common
electrode block Sn is connected with a metal wire Wn (n
equals any integer from 1 to m+l) via at least one (for
example, three) conductive contact portion C. The touch
display panel of this embodiment is an in-cell touch display
panel, and the display panel is an FFS type LCD panel. The
common electrode is divided into a plurality of blocks
operating as touch sensing electrodes. All of the metal wires
Whn are connected to a control chip IC disposed on the OLB
area 22. The control chip IC outputs common voltage level
to all of the common electrode blocks Sn during the display
period, and senses each common electrode block for capaci-
tance variation to determine whether the touch operation is
performed during the touch sensing period. Here, touch
detection of an embodiment of the invention utilizes a
self-capacitance detection method. Namely, whether a
capacitance variation is generated between a common elec-
trode block and a touch object (a finger or a touch pen) is
detected so as to determine whether a touch event occurs.
For example, when a touch object is close to a common
electrode block, a capacitance is generated between the
common electrode block and the touch object. The capaci-
tance influences the speed of electric charging/discharging.
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Therefore, a controller can determine whether a touch event
occurs according to the speed of electric charging/discharg-
ing.

[0039] To clearly understand the positions of the common
electrode block Sn and each metal layer in the thin film
transistor layer, FIG. 3Ais a circuit diagram showing a pixel
in accordance with an embodiment of the invention, and
FIG. 3B is a cross section showing the arrangement of the
common electrode and the thin film transistor layer in
accordance with an embodiment of the invention. As shown
in FIG. 3A, the circuit of a pixel includes a gate line Gx (x
is a positive integer), a data line Dy (y is a positive integer),
a thin film transistor TFT, a pixel electrode Px,y (x and y
correspond to the x value of the gate line and the y value of
the data line), and a common electrode Sn. The pixel Px, y
and the common electrode Sn form a pixel capacitor Cst.
Referring to FIG. 3B, the pixel electrode Px,y, the common
electrode Sn, and the thin film transistor TFT are located at
different layers respectively, forming a multilayer structure.
This structure, from bottom to top, includes a gate dielectric
layer 31, a gate cladding layer 32, interlayer insulating
layers 33, 34, and 35, and an electrode cladding layer 36.
The common electrode Sn and the metal wire Wn are formed
in the interlayer insulating layers 34 and 35. The pixel
electrode Px, y is formed in the electrode cladding layer 36.
There is a semiconductor channel layer 311 in the gate
dielectric layer 31 to form a channel of the thin film
transistor TFT. A gate C coupled to the gate line Gx is
formed on the gate dielectric layer 31 and covered by the
gate cladding layer 32. A drain electrode pad D coupled to
the data line Dy and a first source electrode pad Sa are
formed on the gate cladding layer 32 and covered by the
interlayer insulating layer 33 for planarization. Both of the
drain electrode pad D and the first source electrode pad Sa
are in contact with the semiconductor channel layer 311 via
a conductive column p made of conductive material. The
metal wire Wn and a second source electrode pad Sb are
formed on the interlayer insulating layer 33 and covered by
the interlayer insulating layer 34. The second source elec-
trode pad Sb is connected to the first source electrode pad Sa
via the conductive column p. A transparent electrode El
acting as the common electrode Sn is formed on the inter-
layer insulating layer 34 and covered by the interlayer
insulating layer 35. The transparent electrode E1 is con-
nected with the metal wire Wn via the conductive contact
portion C. A plurality of transparent electrodes E2 with a
predetermined interval acting as the pixel electrode Px, y are
formed on the interlayer insulating layer 35 and covered by
the electrode cladding layer 36. The transparent electrode E2
is connected to the second source electrode pad Sb via the
conductive column p. With this structure, when the pixel is
driven, electric field lines generated from the plurality of
transparent electrodes E2 of the pixel electrode Px, y will
pass through the interval therebetween and reach the com-
mon electrode Sn. The cross section of the pixel shown in
FIG. 3B can be compared with the cross section of the panel
shown in FIG. 1. The transparent electrode E1 (the common
electrode Sn) can be compared to the common electrode 133
shown in FIG. 1. The interlayer insulating layer 35 can be
compared to the dielectric layer 132 shown in FIG. 1. The
transparent electrode E2 (the pixel electrode Px,y) can be
compared to the pixel electrode 131 shown in FIG. 1. The
electrode cladding layer 36 can be compared to the align-
ment layer 134 shown in FIG. 1. The gate dielectric layer 31,
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the gate cladding layer 32, and the interlayer insulating
layers 34 and 35 can be made of material chosen from
silicon dioxide, silicon nitride, silicon oxynitride, and the
combination thereof. The interlayer insulating layer 33 act-
ing a planarization layer can include insulating material,
such as perfluoroalkoxy (PFA) polymer resin. The electrode
cladding layer 36 can be organic polymer, for example
polyimide (PI).

[0040] In the panel manufacturing process, patticles such
as dust may drop into between two adjacent common
electrode blocks Sn or two adjacent metal wires Wn and
cause short circuit. Therefore, a short circuit test on the
common electrode blocks Sn must be performed before the
control chip IC is formed on the panel to prevent from the
situation of short circuit.

[0041] FIG. 4 is a diagram showing a common electrode
short circuit test circuit in accordance with an embodiment
of the invention. FIG. 5 is a diagram showing the short test
result. To detect whether there is a short circuit between two
adjacent common electrode blocks Sn or two adjacent metal
wires Wn, the invention makes two adjacent metal wires Wn
respectively coupled to different voltage levels. Specifically,
the odd metal wire Wn is coupled to the voltage level
VCOMI, and the even metal wire Wn is coupled to the
voltage level VCOM2. There is a switch element SW1
disposed between each metal wire Wn and one of the voltage
levels VCOM1 and VCOM2. The control terminals of all
switch elements SW1 are unitedly controlled by one control
signal SB_VCOM, so that connection/non-connection
between each metal wire Wn and one of the voltage levels
VCOM1 and VCOM2 can be controlled. In the common
electrode short circuit test, all pixel electrodes Px,y are
charged to the highest gray level voltage through the data
lines Dy, and the control signal SB_VCOM turns on all
switch element SW1 to make the odd metal wires Wn
coupled to the voltage level VCOM1 and the even metal
wires Wn coupled to the voltage level VCOM2. Therefore,
the adjacent common electrode blocks Sn (for example the
common electrode blocks S1 an S2 adjacent in the column
direction, or the common electrode blocks S1 and S1+1
adjacent in the row direction) receive different voltage levels
VCOMI and VCOM2. If two adjacent metal wires Wm and
Wm+1 as shown in FIG. 4 are short, a current will generate
between the metal wires Wm and Wm+1, which flows from
one of the voltage levels VCOM1 and VCOM 2 having a
higher voltage level to the other of the voltage levels
VCOMI1 and VCOM 2 having a lower voltage level (for
example, the arrow direction). Thus, the common electrode
blocks Sm connected with the metal wire Wm and the
common electrode blocks Sm+1 connected with the metal
wire Wm+1 have the same voltage level.

[0042] The result of the common electrode short circuit
test is shown in FIG. 5. Because the adjacent common
electrode blocks Sn are coupled to different voltage levels
VCOMI1 and VCOM2, when all pixel electrodes Px, y are
charged to the highest gray level voltage, the displayed
image will show a checkerboard pattern. Each check corre-
sponds to a common electrode block Sn, and the adjacent
blocks show different gray levels. If there are no defections
in the checkerboard pattern as shown in FIG. 5a, the test
result is “normal.” If there are any two adjacent checks
showing the same gray level in the checkerboard pattern as
the portion circled shown in FIG. 5, it means that there is
a short circuit between the common electrode blocks Sn or
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the metal wires Wn that correspond to the two checks. In this
case, a detail checking should be performed in the area
where the short circuit exists to remove the short circuit
situation.

[0043] When the circuit shown in FIG. 4 is disposed on the
touch display panel shown in FIG. 2, there are several
examples are shown in FIGS. 6-8. Because the control chip
IC has not been bonded yet when the common electrode
short circuit test is performed, the control chip IC is repre-
sented by a dash line. In FIG. 6, a test pad 61, a test pad 62,
and a control pad 63 are disposed on the OLB area 22 of the
lower substrate of the touch display panel 60. The test pad
61, the test pad 62, and the control pad 63 are respectively
connected with a metal wire 61', a metal wire 62', and a
metal wire 63'. The three metal wires 61', 62, and 63' extend
along the edge of the display area 23 and reach the top edge
of the overlap area 21. The switch elements SW1 are
disposed adjacent to the top boundary area of the overlap
area 21, and one of the switch elements SW1 is connected
between the metal wire 61' and one of the odd metal wires
Whn or between the metal wire 62' and one of the even metal
wires Wn. The control terminals of all switch elements SW1
are connected to the metal wire 63'. When the common
electrode short circuit test is performed, the test pad 61 is
supplied with the voltage level VCOMI, the test pad 62 is
supplied with the voltage level VCOM?2, and the test pad 63
is supplied with the control signal SB_VCOM. In this way,
the voltage level of the control signal SB_VCOM turns on
all switch elements SW1 to accomplish the common elec-
trode short circuit test.

[0044] Another example of the test circuit disposed on the
touch display panel is shown in FIG. 7. The metal wires 61',
62', and 63' and the switch elements SW1 of the touch
display panel 70 are all disposed adjacent to the bottom
boundary area of the overlap area 21. This structure can not
only perform the same common electrode short circuit test
as shown in FIG. 6, but also perform an open circuit test on
each metal wire Wn connected to a common electrode block
Sn. Before the common electrode open circuit test is per-
formed, a display test is performed in advance. Specifically,
all pixel electrodes Px.y are charged by the same gray level
voltage through the data lines Dy, and all common electrode
block Sn are supplied with the same voltage (the test pad 61
and 62 are supplied with the same voltage level). Then the
displayed image is checked by the human eye if there is
bright point or dark point to determine if any abnormal pixel
exists. The special feature of the structure shown in FIG. 7
is that the open circuit test to each metal wire Wn connected
to a common electrode block Sn can be also performed
during the display test. If an open circuit occurs on the metal
wire W1 as shown in FIG. 7, the voltage level of the
common electrode block 51 will be different from the
voltage level of the other common electrode blocks. Thus, a
check with abnormal gray level can be observed on the
displayed image. This check corresponds to the common
electrode block S1, so whether or not the metal wire W1
connected to the common electrode block S1 has an open
circuit can be determined.

[0045] Another example of the test circuit disposed on the
touch display panel is shown in FIG. 8. The test pads 61 and
62, the control pad 63, the metal wires 61', 62', and 63', and
the switching elements SW1 are all disposed on a redundant
area 81 outside the touch display panel 80. The metal wires
Whn extend to the redundant area 81 outside the touch display

Dec. 8, 2016

panel 80. The redundant area 81 could be a part of the lower
substrate and cut off after the common electrode shott circuit
test is finished. Therefore, after the redundant area 81 is cut
off, only that the metal wires Wn extend to the edge of the
substrate can be observed from the appearance of the touch
display panel 80. In another embodiment, the metal wires
Whn between the switching elements SW1 and the common
electrode blocks Sn can be cut by laser. For example, in FIG.
8, a laser beam is moved along a cutting line (in FIG. 8, the
solid line that is located between the redundant area 81 and
the overlap area 21) to cut off the redundant area 81, and the
common electrode blocks Sn are isolated from the switching
elements SW1.

[0046] After the display test, the common electrode open
circuit test, and the common electrode short circuit test, if
there are no defections, the touch display panel can be sent
to the assembly process. However, there may be residual
charges in the touch display panel after a number of tests. If
residual charges stay on the pixel electrode for a long time,
liquid-crystal molecules could be polarized and damaging
the touch display panel. Therefore, the invention further
improves the circuit of FIG. 4 to provide a function of
discharging pixel electrodes.

[0047] FIG. 9 is a diagram showing a pixel electrode
discharge circuit in accordance with an embodiment of the
invention. In FIG. 9, in addition to the circuit of FIG. 4, the
data line group D[1], D[2], D[p], and D[p+1] are also
connected to the metal wire providing the voltage level
VCOM1 or VCOM2 via the switch elements SW2. The
control terminals of all switch elements SW2 are unitedly
controlled by one control signal SB_DATA, so that connec-
tion/non-connection between each data line group and one
of the voltage levels VCOM1 and VCOM2 can be con-
trolled. Note that the symbol D[n] (n is a positive integer)
represents a group including at least a data line rather than
just one data line. Further, FIG. 9 shows the data line group
D[1] is connected to the metal wire providing voltage level
VCOM1 via one of the switch elements SW2, and the data
line group D[2] is connected to the metal wire providing
voltage level VCOM2 via one of the switch elements SW2,
but in another embodiment, the data line groups D[1] and
D[2] can also be connected to the same metal wire. The
reason 1is that the voltage level VCOMI1 equals the voltage
level VCOM2 during the period the pixel electrodes are
discharged. Thus the data line group can be connected any
one of the metal wire providing voltage level VCOM1 and
the metal wire providing voltage level VCOM2. When the
pixel electrodes are discharged, all gate lines Gx turn on the
corresponding thin film transistors, and the control signals
SB_VCOM and SV_DATA make all the switch elements
SW1 and SW2 conductive separately. Thus, the all common
electrode blocks Sn and all data lines Dy are coupled to the
voltage level VCOM1 or VCOM2. Because the voltage level
VCOMI equals the voltage level VCOM2 at this time, the
voltage level of the all data lines Dy equals the voltage level
of the all common electrode blocks Sn, so as to discharge the
residual charges on the pixel electrodes.

[0048] The circuit of FIG. 9 can be disposed on the touch
display panel of FIG. 2 in the manner of one of the three
arrangements shown in FIGS. 6-8. In this case, the newly
added elements includes the switch elements SW2 and a
control pad (not shown) disposed adjacent to the control pad
63 to provide the control signal SB_DATA to the control
terminals of all switch elements SW2. Except for the above
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difference, the other features of the touch display panel
provided with the circuit of FIG. 9 are the same as the
embodiments of FIGS. 6-8, so the detailed description is not
repeated again.

[0049] When the touch display panel of the invention
adopts the circuit of FIG. 9, three modes can be performed:
the display test mode, the common electrode short circuit
test mode, and the pixel electrode discharge mode. Follow-
ing, the variation of the voltage levels VCOM1, VCOM2,
the control signals SB_VCOM, and SB_DATA when the
three modes are performed. FIG. 10 is a diagram of an
example showing the variation of operating voltages when
the circuit of FIG. 9 is operated in the display test mode, the
common electrode short circuit test mode, and the pixel
electrode discharge mode. In the example of FIG. 10, the
touch display panel is operated under the display test mode
1, the common electrode short circuit test mode II, and the
pixel electrode discharge mode I1I in sequence. It is assumed
that the switch elements SW1 and SW2 are NMOS transis-
tors that are conductive when the control terminal is sup-
plied with a high voltage level. As shown in FIG. 10, when
the touch display panel is operated under the display test
mode I, the voltage level VCOM1 equals the voltage level
VCOM2 (for example, -1V), the control signal SB_VCOM
is high level H that turn on the switch element SW1, and the
control signal SB_DATA is low level L that turn off switch
element SW2, so as to check whether there are any bright/
dark point or abnormal area on the displayed image. When
the touch display panel is operated under the common
electrode short circuit test mode II, the voltage level
VCOMI1 isn’t equal to the voltage level VCOM2 (for
example, the voltage level VCOM1 is -0.5V and the voltage
level VCOM2 is -1.5V), the control signal SB_VCOM is
high level H that turns on the switch element SW1, and the
control signal SB_DATA is low level L that turns off switch
element SW2, so as to show a checkerboard image and
check whether there are any adjacent checks having the
same gray level. When the touch display panel is operated
under the pixel electrode discharge mode III, the voltage
level VCOMI1 equals the voltage level VCOM2 (for
example, 0V), the control signal SB VCOM is high level H
that turns on the switch element SW1, and the control signal
SB_DATA is high level H that turns on switch element SW2,
so that all common electrode blocks Sn and pixel electrodes
Px,y have the same voltage level. The residual charges in the
pixel electrodes Px,y are discharged via the data lines Dy
and the switch elements SW2. (It is assumed that the voltage
levels VCOMI1 and VCOM2 are grounded).

[0050] From FIG. 10, it is understood that the touch panel
provided with the circuit of FIG. 9 can be operated in three
modes. However, the aforementioned operating voltages are
described for an example. The invention is not limited
thereto. The switch elements SW1 and SW2 of the invention
can be PMOS transistors that are conductive when the
control terminal is supplied with a low voltage level.
[0051] According to the embodiments, the invention pro-
vides a touch display panel and a test method thereof capable
of testing whether common electrode blocks are short-
circuited or open-circuited and discharging pixel electrodes.
[0052] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as
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would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A touch display panel, comprising:

a lower substrate where a common electrode layer, a first

test pad, and a second test pad are formed,

an upper substrate disposed above the common electrode

layer,

a liquid crystal layer sandwiched between the upper

substrate and the lower substrate,

wherein the common electrode layer is divided into a

plurality of common electrode blocks, and any two
adjacent common electrode blocks of the plurality of
common electrode blocks are coupled to the first test
pad and the second test pad, respectively.

2. The touch display panel as claimed in claim 1, wherein
the plurality of common electrode blocks are arranged in a
matrix.

3. The touch display panel as claimed in claim 1, wherein
a first control pad and a plurality of first switch elements are
formed on the lower substrate,

wherein at least one of the plurality of first switch

elements is coupled between one of the common elec-
trode blocks and one of the first test pad and the second
test pad, and

the first control pad is connected to control terminals of

the plurality of first switch elements.

4. The touch display panel as claimed in claim 3, wherein
a plurality of data lines, a second control pad and a plurality
of second switch elements are formed on the lower substrate,

wherein at least one of the plurality of data lines is

connected to one of the first test pad and the second test
pad via one of the plurality of the second switch
elements, and

the second control pad is connected to control terminals of

the plurality of second switch elements.

5. The touch display panel as claimed in claim 3, wherein
an area of the lower substrate protrudes with respect to an
edge of the upper substrate, and

the first test pad, the second test pad, and the first control

pad are formed on the area of the lower substrate.

6. The touch display panel as claimed in claim 1, wherein
the common electrode block is a quadrilateral and the length
of each side of the quadrilateral is 1 mm~5 mm.

7. The touch display panel as claimed in claim 1, wherein
the upper substrate is a color filter substrate and the lower
substrate is a thin film transistor substrate.

8. A touch display panel, comprising:

a lower substrate where a common electrode layer is

formed,

an upper substrate disposed above the common electrode

layer,

a liquid crystal layer sandwiched between the upper

substrate and the lower substrate,

wherein the common electrode layer is divided into a

plurality of common electrode blocks in a matrix, and
each of the plurality of common electrode blocks is
separately coupled to a metal wire extending to an edge
of the lower substrate.

9. A test method of a touch display panel, the touch
display panel comprising: a plurality of pixel electrodes, a
plurality of common electrode blocks, a first test pad, and a
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second test pad, wherein any two adjacent common elec-
trode blocks of the plurality of common electrode blocks are
separately coupled to the first test pad and the second test
pad,
wherein the test method is a common electrode short
circuit test method comprising:

charging the plurality of pixel electrodes to the same
voltage level,

providing a first voltage level to the first test pad and a
second voltage level not equal to the first voltage level
to the second test pad so as to make the touch display
panel show checkerboard pattern, and

checking whether there are any two adjacent checks
showing the same gray level in the checkerboard pat-
tern.

10. The test method as claimed in claim 9, wherein the
touch display panel comprises: a first control pad and a
plurality of first switch elements, wherein anyone of the
plurality of first switch elements is coupled between one of
the common electrode blocks and one of the first test pad and
the second test pad, and the first control pad is connected to
control terminals of the plurality of first switch elements,
and

wherein the common electrode short circuit test method
comprises:

providing a predetermined voltage level to the first control
pad to turn on the plurality of first switch elements.
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11. The test method as claimed in claim 9, wherein the
touch display panel comprises: a plurality of data lines, a
second control pad, and a plurality of second switch ele-
ments, wherein anyone of the plurality of data lines is
connected to one of the first test pad and the second test pad
via one of the plurality of the second switch elements, and
the second control pad is connected to control terminals of
the plurality of second switch elements,

wherein the test method is a discharge method compris-

ing:

conducting the plurality of pixel electrodes with the

plurality of data lines,

providing a third voltage level to the first test pad and the

test pad, and

providing a predetermined voltage level to the first control

pad and the second control pad to turn on the plurality
of first switch elements and the plurality of second
switch elements to discharge the plurality of pixel
electrodes.

12. The test method as claimed in claim 9, wherein the test
method is a common electrode open circuit test method
comprising:

charging the plurality of pixel electrodes to the same

voltage level, providing a fourth voltage level to the
first test pad and the second test pad so as to make the
touch display panel show an image with the same gray
level, and

checking whether there is any area with an abnormal gray

level on the image.

* #* * #* #®
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