US008654063B2

a2 United States Patent (0) Patent No..  US 8,654,063 B2
Kim et al. 45) Date of Patent: Feb. 18, 2014
(54) PHOTO-SENSING TYPE TOUCH PANEL 2008/0192237 Al 82008 Yamamoto
EMBEDDED LIQUID CRYSTAL DISPLAY 20050231568 AT+ 92008 Harad et 1 4551
/ ! arada € e
DEVICE AND METHOD FOR DRIVING THE 5008/0303807 AL1* 12/2008 345007
SAME 2008/0309633 Al* 12/2008 Hotelling etal. .......... 345/173
2009/0161051 Al 6/2009 Fukunaga et al.
(75) Inventors: Cheol-Se Kim, Daegu (KR); Ji-Hyun 2009/0225058 Al 9/2009 Tateuchi et al.
Jung, Gumi-si (KR); Min-Jae Lee,
Daegu (KR); Hoon-Bae Kim, Seoul FOREIGN PATENT DOCUMENTS
(KR)
EP 2151740 2/2010
. . Jp 2006-276223 A 10/2006
(73) Assignee: LG Display Co., Ltd., Seoul (KR) P 2007-127705 A 52007
Jp 2009-128686 A 6/2009
(*) Notice:  Subject to any disclaimer, the term of this ] ]
patent is extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 658 days.
) Primary Examiner — Jonathan Boyd
(21) Appl. No.: 12/648,205 (74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
(22) Filed:  Dec.28, 2009 Birch, LLP
(65) Prior Publication Data (57) ABSTRACT
/
US 201170063243 Al Mar. 17, 2011 A photo-sensing type touch panel embedded liquid crystal
. c - display device and a method for driving same are disclosed,
(30) Foreign Application Priority Data where the device includes a liquid crystal panel includes a
Sep. 15,2009 (KR) wervvvvrerersrinrs 10-2009-0087245 touch sensor provided in each of n pixels, where n is a Natural
’ Number; a ROIC readout part which receives a readout volt-
(51) Int.ClL age value from readout lines provided in the touch panel
G09G 3/36 (2006.01) embedded liquid crystal panel; an ADC conversion part
which converts an analog voltage value transmaitted to the
(52) US.CL hich log vol I itted to th
L0 345/102  ROIC readout part into a digital value; a calculation part
. o which calculates a calculated value by subtracting a corre-
(58) gﬁ;‘ic()f Classification Search 345/102 sponding value detected from the ADC conversion part when
See a hcatlon ﬁle forcomlete searchhlsto no-backlight is applied from a value detected from the ADC
bp P Y conversion part when a backlight is applied; and a position
: etection part for detecting a touch pomt on the photo-sensing
(56) References Cited detecti for detecti hpoi he ph i

U.S. PATENT DOCUMENTS

2006/0103637 Al
2006/0214892 Al

5/2006 Yamaguchi et al.
9/2006 Harada et al.

type touch panel if the calculated value from the calculation
part is beyond a predetermined value.

5 Claims, 17 Drawing Sheets

Dm .
Ck
CL
v Tt roi
wap [P ) 1 Vet
- f/,,_—,,i\
Vear / ’ ~ [ A N
vy \
fd Tl I |
Ga it Cst 11 | — ‘ |
¥\\\.,jw_ﬁl— RS
Vo A\ 4 . \\ i il WP
Vosr = — = l -t
S - N
Veor ' - a
ot A1 e |
ol T pive! Co 1| =5 i —T
L pr e
Vit \ i il
Vgsrﬁrl > i ” 4
A e CTZ CT\

AN Y Y

v
i




U.S. Patent Feb. 18,2014  Sheet 1 of 17 US 8,654,063 B2

FIG. 1
Related Art

A
RN

7 10

3 4

L N

pixel TFT /\/ sensor TFT




U.S. Patent

Gl

174

Feb. 18, 2014

FIG. 2
Related Art

Vv
O ——
/4/{ \[ - Tsensor
1 )
\\ >
Vbias - Cst2
CH S S s
Veom
[ \\

Sheet 2 of 17 US 8,654,063 B2

Y

\L/




U.S. Patent Feb. 18,2014  Sheet 3 of 17 US 8,654,063 B2

FIG. 3
Related Art

T
\
10
amount of external light

* (a) external light - strong

Ref

t of external light
amoun g
(b) external light - medium

: : Ref
T
amount of external light
| T | Ref
| |

(c) external light - weak



U.S. Patent Feb. 18, 2014

- liquid crystal

panel

US 8,654,063 B2

400

Sheet 4 of 17
FIG. 4
~ 100
ROIC
readout part ~—210
\
ADC ;
conversion part ~220
230 240
/ )
‘ (
calculation part— igcgg;lgzﬁ

controller




U.S. Patent Feb. 18,2014  Sheet 5 of 17 US 8,654,063 B2

FIG. 9

after

calculation

B/L on B/L off

external light - strong O - o — O

external light - medium |

external light - weak / _ p—




U.S. Patent Feb. 18,2014  Sheet 6 of 17 US 8,654,063 B2

Da
CE
cL
. Zp /Tl ROI Voo
VCOH] g ) A { 7i
lad 1%
conts
0
L
S \\\\\ ///// CT’Z CT]

Sn—l



U.S. Patent Feb. 18,2014  Sheet 7 of 17 US 8,654,063 B2

FIG. 7

Vv cont]  m—

V cont2

B/L —




US 8,654,063 B2

Sheet 8§ of 17

Feb. 18, 2014

U.S. Patent

FIG. 8

Vi=1V

dark
———==30lux
———60 lux
—-—--—120 lux
— - —230 lux
——500 lux

S W

Pd

Vg (V)



US 8,654,063 B2

U.S. Patent Feb. 18, 2014 Sheet 9 of 17
D
CE
CL
Vi m ROL Veontl
\/VCOIH
] Cwi i L ism
n xel wl
\——\ ._IF’_ Tphl Lo Veont2
g e Q
Vesn ®
Sn '_\g/
'
Vcom
g | L e
Glﬁ‘l ‘Ilpmel}’_ TSW“
\ Tpn2
ng-l T
Vgsn—l L
CT, CTy

SnH



U.S. Patent Feb. 18,2014  Sheet 10 of 17 US 8,654,063 B2

FIG. 10

V contl

V cont2

B/L




U.S. Patent Feb. 18,2014  Sheet 11 of 17 US 8,654,063 B2

FIG. 11

CL
Vian m ROI Veont

CT




U.S. Patent Feb. 18,2014  Sheet 12 of 17 US 8,654,063 B2

FIG. 12

\Y syne

V cont

B/L




U.S. Patent Feb. 18,2014  Sheet 13 of 17 US 8,654,063 B2

FIG. 13A
7 -
No Touch
L Touch
=
2
E 1.9
&)
o
[
1.85
1.8 ! ! |
11.0 11.5 12.0 12.5

X-coord.(a..)



U.S. Patent Feb. 18,2014  Sheet 14 of 17 US 8,654,063 B2

FIG. 13B

0.08
0.06 -
No Touch - Touch
=
E
g 0041
9
S
&
) \;‘AM
0 . H_lmw
1.0 1.3 12.0 12.5

X-coord.(a.u.)



U.S. Patent Feb. 18,2014  Sheet 150f 17 US 8,654,063 B2

FIG. 14A

1.95 +

;
.
s,
N

.

LRI R n R\l
i MR v'fhw;
i

ROIC output (V)
o

185

18 1 1 ]
11.0 115 12.0 12.5

X-coord.(a.1.)



U.S. Patent Feb. 18,2014  Sheet 16 of 17 US 8,654,063 B2

FIG. 14B

0.08

0.06 | BL on - BL off

0.04

ROIC output (V)

0.02

11.0 113 12.0 12,5

X-coord.(a.u.)



U.S. Patent Feb. 18,2014  Sheet 17 of 17 US 8,654,063 B2

FIG. 15

s DR

250 100




US 8,654,063 B2

1
PHOTO-SENSING TYPE TOUCH PANEL
EMBEDDED LIQUID CRYSTAL DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of the Patent Korean
Application No. 10-2009-0087245, filed on Sep. 15, 2009,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present invention relates to a liquid crystal display
(LCD) device, more particularly, to a photo-sensing type
touch panel embedded liquid crystal display device that is
able to sense touching stably, and a method for driving the
samie.

2. Discussion of the Related Art

Recently, as information age really starts, display technol-
ogy for presenting electric information signal visibly has
been developed rapidly and various thinner and lighter flat
display devices having excellent power consumption effi-
ciency have been developed correspondingly to replace the
cathode ray tube (CRT) devices.

Such a flat display devices may include a liquid crystal
display (LCD), plasma display panel (PDP), field emission
display (FED) and electro-luminescent display device (ELD)
device and the like.

Above devices include a flat display panel capable of pre-
senting images as an essential element and such a flat display
panel has a configuration in that a pair of transparent insula-
tion substrate having a luminescent or planarizing material
provided there between.

The LCD device among the devices can control light per-
mittivity by using an electric field to display images. For that,
the LCD device includes a display panel having a liquid
crystal, a backlight unit emitting a light to the display panel
and a driving circuit for driving the backlight unit and a liquid
crystal cell.

The display panel has plural unit pixel regions defined by
plural gate lines and data lines that crosses. Here, a thin film
transistor array substrate and a color filter array substrate face
each other, a space is provided between the two substrates to
form a uniform cell gap, and a liquid crystal filled in the cell
gap may be provided in each of the pixel regions.

The thin film transistor array substrate includes gate/data
lines, a thin film transistor formed at each cross portion
between the gate and data lines as a switching device, a pixel
electrode formed of liquid crystal pixel units to be connected
to the thin film transistor, and an alignment layer coated on the
above elements. The gate and data lines receive signals from
the driving circuits via pad parts for them, respectively.

Here, the thin film transistor responds to a scan signal
supplied to the gate line and the gate line supplies a pixel
voltage signal supplied to the data line to the pixel electrode.

The color filter array substrate includes color filters formed
by the liquid crystal cell unit, a black matrix for identifying
the color filters and for reflecting an external light, a common
electrode for supplying a reference voltage to the liquid crys-
tal cells commonly, and an alignment layer coated on the
above elements.
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The thin film transistor substrate and the color filter array
substrate fabricated independently are aligned and then they
are attached to each other. After that, liquid crystal is injected
and sealed in a gap thereof.

Here, the liquid crystal display device is a passive light
emitting device that may control brightness of a screen by
using a light emitted from the backlight unit arranged in a
backside of the liquid crystal panel.

Techniques for attaching a touch screen panel to such a
liquid crystal display device have been suggested recently.
The touch screen panelis a user interface typically attached to
a display device to sense a cotrresponding touch point by
changing an electrical characteristic at the touch point
touched by an opaque material such as a user’s finger or a
touch pen. When the user’s finger or the touch pen touches a
screen thereof, the touch screen panel attached liquid crystal
display device can detect corresponding touch point informa-
tion to present various applications based on detected infor-
mation.

However, such a liquid crystal display device would cause
several disadvantages, such as a cost increase because of the
touch screen panel, a yield decrease because of additional
process to attach the touch screen panel to the liquid crystal
panel, and brightness deterioration/thickness increase of the
liquid crystal panel.

Thus, recently a photo-sensor has been formed in the dis-
play panel to control the backlight unit based on brightness of
external lights and the touch screen panel has been tried to be
formed in the display panel in order not to be attached to an
outside of the display panel, which would only lead to an
increase in the volume of the display panel.

As follows, a conventional liquid crystal display (LCD)
device will be described.

FIG. 1 is a sectional view schematically illustrating a LCD
device including a conventional photo-type touch panel and
FIG. 2 is a diagram illustrating a circuit of a conventional
touch sensor.

As shown in FIG. 1, an LCD device having the conven-
tional photo-sensing type touch panel embedded therein
includes a liquid crystal panel 10 including a first substrate 1,
a second substrate 2, a pixel TFT 3 and a sensor TFT 4 and a
backlight unit 20 provided under the liquid crystal panel 10 to
transmit a light to the liquid crystal panel 10.

Here, to perform the photo-sensing, a light is emitted
through the liquid crystal panel from the backlight unit 20 and
the emitted light is reflected toward the liquid crystal panel, so
that when a user’s finger or a predetermined material 30
touches the liquid crystal panel, such is sensed by the sensor
TFT 4.

In reference to FIGS. 1 and 2, such a conventional photo-
sensing type touch panel embedded LCD device converts a
digital video data into an analog data voltage with respect to
a Gamma-reference voltage, and it supplies the converted
voltage to data lines DL and a scan pulse to gate lines GL
simultaneously, such that a data voltage is charged in a liquid
crystal cell Clc. For that, a gate electrode of a pixel transistor
Tpixel is connected to GL, a source electrode is connected to
DL, and a drain electrode of the pixel transistor Tpixel is
connected to a pixel electrode of Clc and to an electrode of
capacitor Cstl. A common voltage Vcom is supplied to a
common electrode of the liquid crystal cell Cle. A storage
capacitor Cstl has the data voltage applied from DL charged
therein when the pixel transistor Tpixel is turned on to main-
tain the voltage of the liquid crystal cell Clc. If the scan pulse
is applied to the gate lines GL, the pixel transistor Tpixel is
turned on and a channel is formed between the source elec-
trode and the drain electrode to supply the voltage in DL to the
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pixel electrode of the liquid crystal cell Cle. Here, alignment
of liquid crystal molecules of the liquid crystal cell Clc is
changed by an electric field formed between the pixel elec-
trode and the common electrode such that incident lights may
be modified.

A touch sensor includes a sensing transistor Tsensor for
generating a different light power according to the amount of
lights incident from outside, a sensing capacitor Cst2 for
storing electric charge of the electric currents i and a switch-
ing transistor Tsw for switching output of the electric charges
stored in the sensing capacitor Cst2.

A bias voltage Vbias preset below a threshold voltage
thereofis supplied to a gate electrode of the sensor transistor
Tsensor. A gate electrode of the switching transistor Tsw is
connected to a front gate line GLn-1 and a source electrode
thereof is connected to the sensing capacitor Cst2 and a drain
electrode thereof is connected to the readout line RO.

A driving voltage line having a driving voltage Vdrv
applied there through is connected to a drain electrode of the
sensor transistor Tsensor.

Such a touch sensor detects touch by using difference of
photoelectric currents readout from the readout line RO in
cases of a touch and a non-touch.

Operation of the touch sensor will be schematically
described as follows.

The light reflected in case of a touch increases conductivity
of the sensor transistor Tsensor enough to cause flow electric
current toward the sensing capacitor Cst2 from the bias line
Vbias, and a value beyond an initial voltage below the bias
voltage Vbias is stored in the sensing capacitor Cst2 accord-
ing to a touch condition.

Hence, if the switching transistor switch TFT connected to
the readout line RO is turned on, the electric charge stored in
the sensing capacitor Cst2 is output to the readout line RO to
sense whether there is a touch and the sensing capacitor Cst2
is reset to a reference voltage value. After the reset, sensing
for the touch may be performed and touch sensing is pet-
formed according to the identical process.

FIG. 3 isa diagram illustrating sensing degrees in compari-
son to a reference value according to the amount of external
lights in cases there is a partial touch.

As shown in FIG. 3, as a point of a surface of the liquid
crystal panel 101s touched, a sensing degree of the touch point
T is differentiated according to the light amount strength of
external lights.

To sense touching, a predetermined reference value Ref'is
preset and change of photoelectric current strength of the
backlight reflected light read at the touch point may be
detected.

For example, if a point is touched in case of a strong
external light, the light amount at the touch point is small in
comparison to the reference value. As the difference between
the light amounts at the touched point and the non-touched
area is relatively large with respect to the reference value Ref,
the touch detection may be performed smoothly based on the
light amount difference.

In case of a middle external light, the light difference
between the touched point and the other non-touched area is
substantially not much larger and this light difference is not
much larger with respect to the reference valueref. As a result,
it is difficult to detect the touching because of the little dif-
ference.

In case of a weak external light, the light amount at the
non-touched area is almost identical to the reference value
Ref. In this case, the touched point has a relatively large value
of the light amount with respect to the reference value. How-
ever, there is little difference of the light amount between the
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touched point and the non-touched area, and thus, it is diffi-
cult to detect the touching also.

However, the above conventional touch panel in-cell type
LCD device may have following disadvantages.

First, according to the conventional touch panel embedded
LCD device, the external light as well as the light reflected
from the backlight may be recognized. As a result, the sensor
may fail to recognize the input signal precisely if the illumi-
nation intensity of the reflected light is similar to that of the
external light.

Furthermore, as the output signal according to a touch is
differentiated according to external environment, algorithm
manufacturing for touch point recognition may be compli-
cated only to cause malfunction of the product. That is, if the
external light is higher than the reflected light, the touch
signal is output with a voltage lower than voltages of the other
area. If the external light is lower than the reflected light, the
touch signal is output with a higher voltage. As a result, it is
difficult to recognize an actual touch signal.

Still further, if the sensor transistor is degraded, the touch
sensor might output a non-touch sensing signal even when the
user’s finger or the like touches the liquid crystal cell formed
thereon, and vice versa. The touch panel in-cell type LCD
device may sense the touch point only with the relative dif-
ference of photoelectric current flowing via the sensor tran-
sistors. In this case, if the sensor transistor is degraded, it is
almost impossible to recognize the actual touch precisely. For
example, in case external environment has a strong illumi-
nance, a shadow caused by the external light with the user’s
finger not touching the liquid crystal panel may be recognized
as a touch.

SUMMARY OF THE DISCLOSURE

Accordingly, the present invention is directed to photo-
sensing type touch panel embedded liquid crystal display
device and a method for driving the same.

An object of the present invention is to provide a photo-
sensing type touch panel embedded liquid crystal display
device that is able to sense touching stably regardless of
external light intensity.

Additional advantages, objects, and features of the disclo-
sure will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a photo-sensing type touch panel
embedded liquid crystal display device includes a liquid crys-
tal panel comprising a touch sensor provided in each of n
(n=Natural Number) pixels; a ROIC read/write part for
receiving a readout voltage value from readout lines provided
in the touch panel embedded liquid crystal panel; a ACD
conversion part for converting the analog voltage value trans-
mitted to the ROIC readout part into a digital value; a calcu-
lation part for subtracting a corresponding value detected
from the ADC conversion part when no-backlight is applied
from a value detected from the ADC conversion part when a
backlight is applied; and a position detection part for detect-
ing a touch point if the value calculated from the calculation
part is beyond a predetermined value.



US 8,654,063 B2

5

The photo-sensing type touch panel embedded liquid crys-
tal display device and the method for driving the same may
have following effects.

First of all, according to the method for driving the photo-
sensing type touch panel embedded liquid crystal display
device, the difference between the voltage value of the read-
out lines detected in case of a touch when the backlight is not
applied is subtracted from the voltage value when the back-
light is applied. As a result, regardless of the intensity of the
external light, sensing may be performed stably by the voltage
difference beyond a predetermined value in case of a touch
and a non-touch whether there is the touch or the non-touch.

Furthermore, the present invention may include the touch
sensor embedded in the liquid crystal panel, together with a
thin film transistor array. As a result, an in-cell type touch
panel may be embodied and touch may be detectable based on
the readout voltage of only a touch point except the other area
when the backlight is applied and not applied. Even with
degradation of the touch sensor caused by the long time
operation, enough voltage difference in the touch point and
non-touch area may be maintainable. Because of that, reli-
ability of the liquid crystal panel capable of sensing touch
may be improved.

Also, a liquid crystal display device includes at least one
pixel circuit; a backlight unit which emits back light when
turned on and does not emit the back light when turned off;
and a pair of sensors corresponding to the at least one pixel
circuit, a first of the pair of sensors detecting an amount of first
light while the backlight unit is turned on to output a first
voltage corresponding to the detected amount of the first
light, and a second of the pair of sensors detecting an amount
of second light while the backlight unit is turned off to output
a second voltage corresponding to the detected amount of the
second light.

Also, method of driving a liquid crystal display device
having at least one pixel circuit, first and second sensors
corresponding to the at least one pixel circuit, and a backlight
unit which emits backlight when turned on and does not emit
the backlight when turned off, includes providing a vertical
synchronization signal having a predetermined fallen time
period to the liquid crystal display device; and applying first
and second control signals to first and second control lines of
respective first and second sensors during the predetermined
fallen time period, wherein the first control signal is applied
for a predetermined period while the backlight is on, and the
second control signal is applied subsequent to the predeter-
mined time period while the backlight is off.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are examples and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the disclosure and together with the
description serve to explain the principle of the disclosure.

In the drawings:

FIG. 1is a sectional view schematically illustrating a liquid
crystal display device including a conventional photo-type
touch panel;

FIG. 2 is a circuit view of a conventional touch sensor;
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FIG. 3 is a diagram illustrating a sensing degree in com-
parison to a reference value according to an external light
amount in case of a partial touch;

FIG. 4 is a block view illustrating a photo-sensing type
touch panel embedded liquid crystal display device according
to embodiments of the present invention;

FIG. 5 is a diagram illustrating light amount calculation
according to touch if a backlight is turned on and off accord-
ing to external light intensity;

FIG. 6 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded liquid crystal
display device according to a first embodiment of the present
invention;

FIG. 7 is a diagram illustrating a drive-timing of FIG. 6;

FIG. 8 is a graph illustrating resistance of a photo-sensing
transistor according to a gate voltage:

FIG. 9 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded liquid crystal
display device according to a second embodiment of the
present invention;

FIG. 10 is a diagram illustrating a drive-timing of FIG. 9;

FIG. 11 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded liquid crystal
display device according to a third embodiment of the present
invention;

FIG. 12 is a diagram illustrating a drive-timing of FIG. 11;

FIGS. 13A and 13B are graphs illustrating a voltage read-
out from a readout line in case of touch and non-touch, if a
backlight unit is not switched, and voltage difference;

FIGS. 14A and 14B are graphs illustrating a voltage read-
out from a readout line, in case of touch and non-touch gen-
erated when a backlight unit of the photo-sensing type touch
panel embedded liquid crystal display device is turned on and
off; and

FIG. 15 is a sectional view illustrating the photo-sensing
type touch panel embedded liquid crystal display device
according to the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Reference will now be made in detail to the specific
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

As follows, a touch panel embedded liquid crystal display
LCD device according to embodiments of the present inven-
tion and a method for driving the device will be described in
reference to the accompanying drawings.

FIG. 4 is a block view illustrating the photo-sensing type
touch panel embedded LCD device according to embodi-
ments of the present invention.

As shown in FIG. 4, the photo-sensing type touch panel
embedded LCD device includes a liquid crystal panel 100, a
readout integrated circuit (ROIC) readout part 210, an ADC
conversion part 220, a calculation part 230, and an X-Y posi-
tion detection part 240. The liquid crystal panel 100 is a touch
panel embedded type and includes a photo-sensor, that is, a
touch sensor provided in each of n (n=Natural Number) pix-
els. The ROIC readout part 210 receives a readout voltage
from readout lines provided in the touch panel embedded
liquid crystal panel 100. The ADC conversion part 220
coverts an analog value of the read/writing voltage transmit-
ted from the ROIC readout part 210 into a digital value. The
calculation part 230 calculates a corresponding value
detected from the ADC conversion part 220 in case a back-
light light is applied from the value detected from the ADC
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conversion part. The X-Y position detection part 240 detects
a touch point from a corresponding point in a case when a
value beyond a reference value is calculated from the calcu-
lation part 230.

Here, the ROIC readout part 210, ADC conversion part
220, calculation part 230 and X-Y position detection part 240
are provided in a controller 400, and the controller 400 is
employed to drive the liquid crystal panel 100, rather than to
sense touching. A liquid panel driving part of the controller
400 is omitted and not shown in the drawings.

A function of the calculation part 230 of the photo-sensing
type touch panel embedded LCD device will be described in
relation to external light luminance.

FIG. 5§ is a diagram illustrating calculation of a light
amount of a touch when a backlight is turned on and off
according to an external light luminance.

FIG. 5 shows that the light amount of a state when the
backlight turned on is subtracted from the light amount of a
state when the backlight turned off. There is no difference of
external light in the other area except a touch point when the
backlight is turned on and off. However there is difference of
external light in the touch point because of a backlight reflec-
tion light. In embodiments of the invention, the light amount
of a state when the backlight turned on may be referred to as
a first light, and the light amount of a state when the backlight
turned off may be referred to as a second light. In embodi-
ments of the invention, the first light may include the external
light, the backlight, and or any reflected light from a touch,
and the second light may include the external light, and/or any
reflected light from the touch, but not the backlight. In
embodiments of the invention, external light may be also
referred to as ambient light.

Comparing the light amount of the state when the backlight
is on to the light amount of the state when the backlight is off,
the difference is generated only in the touch point, regardless
of the luminance of the external light. The photo-sensing type
touch panel embedded LCD device detects the touch by using
the difference.

FIG. 6 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded LCD device
according to a first embodiment of the present invention and
FIG. 7 is a diagram illustrating a drive-timing of FIG. 7.

As shown in FIGS. 6 and 7, the photo-sensing type touch
panel embedded LCD device according to this embodiment
of the present invention includes a pixel circuit P formed in a
cross portion between the nth gate line Gn and the mth data
line Dmy; a first touch sensor T1 formed in a cross portion
among a first control line CT1, the nth switching line Vgsn
and the ith readout line RO1; and a second touch sensor T2
formed in a cross portion among a second control line CT2,
the n+1th switching line Vgsn+1 and the ith readout line Roi.

Here, the first touch sensor T1 and the second touch sensor
T2 are adjacent to each other in a pair. The first touch sensor
T1 and the second touch sensor T2 may be alternatively
positioned in each pixel or they may be arranged in each area
corresponding to one touched area in a pair. At this time, the
pixel circuit P may be positioned in every pixel.

The pixel circuit P includes a pixel transistor Tpixel formed
at a cross area among a liquid crystal cell Cle, a gate line Gn
and a data line Dm for driving the liquid crystal cell Clc and
astorage capacitor Cst for maintaining a charge voltage of the
liquid crystal cell Clc for a single frame. Here, the storage
capacitor Cst has a one end connected to a drain electrode of
the pixel transistor Tpixel and the other end connected to a
common line CL. The liquid crystal cell Clc has a one end
connected to the drain electrode of the pixel Tpixel and the
other end connected to a common electrode CE.
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The first touch sensor T1 includes a first sensor transistor
Tphl, a first sensor capacitor Css1 and a first switching tran-
sistor Tsw1. After an enable signal Vigsn is applied to the nth
switching line Sn, the first sensor transistor Tphl generates a
photo electric current while a first control signal Veon1 from
the first control line CT1 is maintained to a high phase, and
not generating a photoelectric current while the first control
signal Vconl1 is maintained to a low phase. The first sensor
capacitor Css1 stores electric charges generated by the pho-
toelectric current. The first switching transistor Tswl
switches the electric charges stored in the first sensor capaci-
tor Css1 to a readout line ROi.

Similar to the first touch sensor T1, the second touch sensor
T2 includes a second sensor transistor Tph2, a second sensor
capacitor Css2 and a second switching transistor Tsw2 with
an identical configuration.

Here, gate electrodes of the first and second sensor transis-
tors Tphl and Tph2 are connected to the first and second
control lines CT1 and CT2, respectively, and source elec-
trodes thereof are connected to a common line CL and drain
electrodes thereof are connected to first and second nodes N1
and N2, respectively.

The first sensor capacitor Cssl is positioned between the
common line CL and the first node N1 and the second sensor
capacitor Css2 is positioned between the common line CL
and the second node N2.

A gate electrode of the first switching transistor Tswl is
connected to the nth switching line Sn and a source electrode
thereof is connected to the first node N1 and a drain electrode
thereof is connected to the ith readout line ROi. A gate elec-
trode of the second transistor Tsw2 is connected to the n+1th
switching line Sn+1 and a source electrode thereof is con-
nected to the second node N2 and a drain electrode thereof is
connected to the ith read out line ROi.

The first and second control signals Veontl and Veont2 are
applied to the first and second control lines CT1 and CT2 for
every falling time of a vertical synchronization signal Vsync.
The falling time is generated every period as shown in FIG. 7.
Thebacklight is put into operation in an initial state before the
vertical synchronization signal Vsync is fallen.

If sequentially described, the first control signal Veont1 is
turned on after the vertical synchronization signal Vsync
falls, and next the first control signal is turned off in a prede-
termined time period. Then, the backlight is turned off and the
second control signal Veont2 is turned on. After the second
control signal Veont?2 is turned off, the backlight is converted
to an on-operation state.

According to this embodiment, when such the first control
signal Vcontl is applied to the first control line CT1, the
electric charge stored in the first sensor capacitor Css1 of the
first touch sensor T1 is transmitted via the first switching
transistor Tsw1 and output to the readout line ROi, with a
predetermined voltage. When the second control signal
Vcont2 is applied to the second control line CT2, the electric
charge stored in the second sensor capacitor Css2 of the
second touch sensor T2 is transmitted via the second switch-
ing transistor Tsw2 and output to the readout line RO1, with a
predetermined voltage.

Here, the voltage output to the readout line from the second
touch sensor T2 is subtracted from the voltage output to the
readout line from the first touch sensor T1 to detect a touch
point.

Operation of such the touch point sensing will be
described.

During an initial period, a reference voltage Vref (which
may be predetermined) of the readout line ROi is maintained
in first and second sensor capacitors Css1 and Css2. The first
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and second control signals Vcontl and Veont2 are applied to
the first and second control lines CT1 and CT2, respectively
during a vertical blank period as shown in FIG. 7.

In case the first control signal Veontl is applied to the first
control line CT1, leak current of the first sensor transistor
Tphl increases and this leak current is stored in the first
sensor capacitor Css1. In case the second control signal
Veont2 is applied to the second control line CT2, the back-
light is turned off and leak current of the second sensor
transistor Tph2 is stored in the second sensor capacitor Css2.
The stored voltage is readout by the corresponding readout
line ROI according to the driving of the first and second
switching transistors Tsw1 and Tsw?2 into a first and second
voltage V1 and V2. In case of no-touch, the first and second
voltages output to the readout line ROi via the first and second
touch sensors T1 and T2 have identical values because of the
identical external light. In case of touch, the first voltage
V1-backlight turned on includes a voltage generated by the
backlight reflection light and the first voltage V2-backlight
turned off includes a reference voltage. As a result, voltage
difference increases. Especially, in case the amount of the
external light is identical to or smaller than the amount of the
reflected light at the time when the panel is touched, the light
amount difference in the vertical blank period when the back-
light is turned on and is turned off are calculated to sense
touch based on a corresponding calculated value. As a result,
it is possible to sense touch stably, regardless of external light
intensity.

At this time, the first and second control signals Vcont1 and
Vcont2 are maintained off in the initial state. When the back-
light is on, the first control signal Vcontl is turned on and off
to be stored in the first sensor capacitor Css1 of the first touch
sensor T1. After the backlight is turned off, the second control
signal Vcont2 is on and off to be stored in the second sensor
capacitor Css2 of the second touch sensor T2. The signal
stored in the first and second sensor capacitors Css1 and Css2
of the first and second touch sensors T1 and T2 may be output
to the readout line according to the switching signal applied to
the switching lines.

FIG. 8 is a graph illustrating resistance of the photo-sensor
transistor according to a gate voltage.

As shown in FIG. 8, according to the resistance of the
photo-sensor transistor based on the gate voltage, if the gate
voltage is below a control voltage Vg, resistance decreases. If
the gate voltage is beyond the control voltage Vg, resistance
increases to maintain a sampling voltage for a predetermined
time period. That is, if a voltage applied by the control signal
is maintained below a predetermined value, the voltage satu-
rated by the readout line ROi will be output. As a result, touch
may be sensed by predetermined much voltage difference
between when the backlight is on and off.

FIG. 9 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded LCD device
according to another embodiment of the present invention
and FIG. 10 is a diagram illustrating a drive-timing of FIG. 9.

FIGS. 9 and 10 show the photo-sensing tvpe touch panel
embedded LCD device according to a second embodiment of
the present invention. In comparison to the first embodiment,
this second embodiment shows that the gate electrodes and
source electrodes of the first and second sensor transistors
Tphl and Tph2 are connected vice versa. That is, the gate
electrodes of the first and second sensor transistors Tphl and
Tph2 are connected to the common line CL, respectively. In
this state, the source electrodes thereof are connected to the
first and second control lines CT1 and CT2, respectively.
According to this embodiment, voltage having an opposite
phase in comparison to the first and second control signals
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Veontl and Vcont2 of the above first embodiment is applied
to the first and second control lines CT1 and CT2 and the
identical value is gained. As described sequentially, the first
and second control signals Veontl and Vcont2 maintains
values in the initial state before the falling of the synchroni-
zation signal Vsync, that is, the vertical blank period. After
the falling of the synchronization signal Vsync. Next, the first
control signal Veontl is turned off and the first control signal
Vceontl is turned back to on in a predetermined time period.
After that, the backlight is turned off and the second control
signal Vcont2 is turned off. Then, the second control signal
Vceont2 is turned on and then the backlight is turned back to
on.

Here, in case of no-touch, the voltage output to the readout
line RO via the first and second touch sensors T1 and T2 has
identical first and second voltage values because of the iden-
tical external line. In case of touch, the first voltage V1-the
backlight on includes a voltage generated by the backlight
reflection light and the second voltage V2-the backlight off
includes a voltage similar to the reference voltage Vref such
that difference between the two voltages may increase.

FIG. 11 is a circuit view illustrating an equivalent circuit of
a photo-sensing type touch panel embedded LCD device
according to a third embodiment of the present invention and
FIG. 12 is a diagram illustrating a drive-timing of the circuit
shown in FIG. 11.

As shown in FIGS. 11 and 12, the photo-sensing type touch
panel embedded LCD device according to the third embodi-
ment of the present invention includes a single control line
CT, compared to the first and second control lines of the first
embodiment. In this case, an off signal may be applied two
times to the single control line in the vertical blank period.

As described sequentially, the control signal Vcont is main-
tained off in the initial state before the falling of the vertical
synchronization signal Vsync and the control signal Vcont is
turned on after the falling of the vertical synchronization
signal Vsync. Then, the backlight is turned off, and then the
control signal is turned off in a predetermined time period.
Then, the control signal is turned on again for a second time.
That is, according to this third embodiment, the control signal
Vceont is driven on two times in a single vertical synchroni-
zation signal. When the control signal is in an on-state each
time, the voltage value output to the first and second touch
sensors T1 and T2 is sensed by the readout line to detect touch
based on a calculated value.

In case of no-touch, the voltage value output to the readout
line RO via the first and second touch sensors T1 and T2 has
identical first and second voltages because of the identical
external light. In case of touch, the first voltage V1-the back-
light on includes a voltage generated by the backlight refec-
tion light and the second voltage V2-the backlight off
includes a voltage similar to the reference voltage. As a result,
difference between the two voltages increases.

In embodiments of the invention, a control signal is applied
in non-overlapping periods. As shown in FIGS. 7,10, and 12,
the same on states, or the same off states of respective control
signals are non-overlapping. Also, it is preferable, but not
required, that the control signal is applied either prior to, or
after, the backlight is turned off. As shown in FIGS. 7 and 10,
the second control signal Vcont2 is applied after the backlight
B/L 1s turned off. Nevertheless, as shown in FIG. 12, such is
not required.

FIGS. 13A and 13B are graphs illustrating a voltage value
readout by the readout line in case of touch and no-touch, with
no-swing of the backlight unit, and difference of the voltage.

FIGS. 13A and 13B show a voltage value readout by the
readout line in case of the touch and no-touch, with the
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backlight unit in on state continuously. As shown in FIG. 13 A,
there is a little voltage difference between when a touch is
generated at a predetermined point of X coordinate and when
a touch is not generated at the touch point.

Specifically, as shown in FIG. 13B, a readout value of the
readout voltage in case of the touch is subtracted from a
readout value of the readout voltage in case of the no-touch. If
then, voltage difference below 0.02V occurs only in the touch
point corresponding to approximately 11.5~12.0 a.u. If the
voltage value is relatively low, it is difficult to sense the touch
and the touch happens to be mal-sensed by an area covered by
the user’s palm, not actual touch of the user’s finger. In this
case, the touch sensing may be performed by the light amount
difference between the external light and the reflected light of
the touch point.

FIGS. 14A and 14B are graphs illustrating a voltage value
readout by the readout line in case of touch and non-touch that
is generated by the turning-on/off of the backlight unit and
voltage value difference.

FIGS. 14A and 14B are graphs corresponding when the
swing of the backlight is applied. As shown in FIG. 14A,
non-touch areas are influenced by the external light uniformly
and they have identical voltage values of readout voltage
when the backlight is turned on and off. The readout voltage
difference when the backlight is turned on and off is gener-
ated only in the touch point.

If the subtraction of the voltage value output from the
readout line when the backlight is on and off is applied as
shown in FIG. 14A, touch is generated in an area between
11.5~12.0 a.u. with respect to X coordinate and the present
invention applies the on/off of the backlight unit thereto to
detect the touch point based onthe subtraction. As aresult, the
touch may be detected based on whether the reflection light is
applied to the touch point, regardless of the influence of the
external light and the touch detection may be enabled by
approximately 0.04V of the difference between the readout
value and the reference voltage value when the reflection light
is applied.

FIG. 15 is a sectional view illustrating the photo-sensing
type touch panel embedded LCD device according to the
present invention.

As shown in FIG. 15, the photo-sensing type touch panel
embedded LCD includes the liquid crystal panel 100 and the
backlight unit 300 formed on a backside of the liquid crystal
panel 100.

Here, the liquid crystal panel 100 includes first and second
substrates 110 and 120 facing each other, gate and data lines
VGsn and Vdatam, as shown in FIG. 6, crossedly aligned on
the first substrate 110 to define pixel regions, a pixel circuit P,
as shown in FIG. 6, formed in each of the pixel regions and a
touch sensor T1 and T2, as shown in FIG. 6. FIG. 15 shows a
single touch sensor for convenience sake.

Here, in the pixel circuit P, Tpixel includes a gate electrode
111a, a gate insulation layer 112 covering the gate electrode
111a, a semi-conductor layer pattern 113a provided on the
gate insulation layer 112, source and drain electrodes 1144
and 1145 provided in both opposite sides of the semi-conduc-
tor layer pattern 113a, a protection layer 115 covering the
source/drain electrodes 114a and 1145, exposing a predeter-
mined area of the drain electrode 1145, and a pixel electrode
116 in contact with the exposed drain electrode 1145.

The touch sensor Tph includes a gate electrode 131, a gate
insulation layer 112 covering the gate electrode 131, a semi-
conductor layer 113/ provided on the gate insulation layer
112, and source and drain electrodes 134a and 1345 provided
in both opposite sides of the semi-conductor layer pattern
1135.
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The second substrate 120 includes a black matrix layer 121
covering a non-pixel region, that is, a region having the gate
and data lines aligned therein, a color filter layer 122 covering
the black matrix layer 121, corresponding to the pixel regions,
and a common electrode formed in a front surface of the
second substrate 120 including the color filter layer 122.

Here, the black matrix layer 121 and the color filter layer
122 opens an area of the sensor transistor Tph corresponding
to the touch sensor. This is because it is preferable to prevent
a light passage from increasing when the user’s finger or the
like reflects the light emitted from the backlight in the photo-
sensing structure for detecting touch based on the light
reflected by the user’s finger or the like from the light emitted
from the backlight unit.

Not shown in the drawings, alignment layers may be
formed on top surfaces of the first and second substrates 110
and 120, respectively.

A liquid crystal layer is filled between the first and second
substrates 110 and 120 and a spacer 200 is formed there
between to maintain a predetermined gap between the first
and second substrates 110 and 120.

First and second planarization plates 141 and 142 are
formed on backsides ofthe first and second substrates 110 and
120, respectively.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A touch sensor embedded liquid crystal display device
including a backlight unit which emits backlight when turned
on and does not emit the backlight when turned off, the liquid
crystal display device comprising:

a liquid crystal panel comprising at least one touch sensor
provided in each of n pixels, where n is a Natural Num-
ber;

an ROIC readout part which receives a readout voltage
value from readout lines provided in the liquid crystal
panel;

an ADC conversion part which converts an analog voltage
value transmitted to the ROIC readout part into a digital
value;

a calculation part which calculates a calculated value by
subtracting a corresponding value detected from the
ADC conversion part when the backlight is not applied
from a value detected from the ADC conversion part
when the backlight is applied; and

a position detection part for detecting a touch point on the
liquid crystal panel if the calculated value from the cal-
culation part is beyond a predetermined value,

wherein the liquid crystal panel further comprises:

at least one pixel circuit for each of the n pixels;

a pair of sensors corresponding to the at least one pixel
circuit, each of the pair of sensors comprising a first
sensor detecting an amount of first light while the back-
light unit is turned on to output a first voltage corre-
sponding to the detected amount of the first light and a
second sensor detecting an amount of second light while
the backlightunit is turned off to output a second voltage
corresponding to the detected amount of the second
light, wherein a difference of the first voltage and the
second voltage is the calculated value in the calculation
part; and
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afirst control line and a second control line, and at least one
of the readout lines connected to the pair of sensors,

wherein each of the first and second sensors comprises,

a sensor transistor driven by a first control signal or a
second control signal of the first and second control lines
to sense light;

a sensor capacitor for storing a signal corresponding to the
light sensed by the sensor transistor; and

a switching transistor connected to the sensor capacitor, to
transmit the signal stored in the sensor capacitor to the at
least one of readout lines when switched,

wherein the first control signal is applied to the first sensor
via the first control line during the backlight unit is
turned on and the second control signal is applied to the
second sensor during the backlight unit is turned off, and
the first and second control signals are applied within a
vertical blank period of a vertical synchronization signal
of the liquid crystal panel.

2. A liquid crystal display device, comprising:

at least one pixel circuit;

abacklight unit which emits back light when turned on and
does not emit the back light when turned off;

a pair of sensors corresponding to the at least one pixel
circuit, each of the pair of sensors comprising a first
sensor detecting an amount of first light while the back-
light unit is turned on to output a first voltage corre-
sponding to the detected amount of the first light, and a
second sensor detecting an amount of second light while
the backlightunit is turned off to output a second voltage
corresponding to the detected amount of the second
light; and

afirst control line and a second control line, and at least one
of the readout lines connected to the pair of sensors,

wherein each of the first and second sensors comprises,

a sensor transistor driven by the first control signal or the
second control signal to sense light;

a sensor capacitor for storing a signal corresponding to the
light sensed by the sensor transistor; and

a switching transistor connected to the sensor capacitor, to
output the signal stored in the sensor capacitor,

wherein the first control signal is applied to the first sensor
via the first control line during the backlight unit is
turned on and the second control signal is applied to the
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second sensor via the second control line during the
backlight unit is turned off, and

wherein the first and second control signals are applied
within a vertical blank period of a vertical synchroniza-
tion signal of the liquid crystal panel.

3. The liquid crystal display device of claim 2, wherein,
when the liquid crystal display device is touched, the detected
amount of the first light and the detected amount of the second
light are different.

4. The liquid crystal display device of claim 2, wherein,
when the liquid crystal display device is not touched, the
detected amount of the first light and the detected amount of
the second light are about the same.

5. A method of driving a liquid crystal display device
having at least one pixel circuit, first and second sensors
corresponding to the at least one pixel circuit, and a backlight
unit which emits backlight when turned on and does not emit
the backlight when turned off, the method comprising:

providing a vertical synchronization signal having a pre-
determined fallen time period to the liquid crystal dis-
play device;

applying first and second control signals to first and second
control lines of respective first and second sensors dur-
ing the predetermined fallen time period;

outputting the respective signals stored in respective sensor
capacitors of the first and second sensors through a read-
out line; and

calculating a difference between the respective signals
from first and second sensors to determine whether the at
least one pixel circuit has been touched,

wherein the first control signal is applied to the first sensor
for a predetermined fallen period via the first control line
while the backlight unit is on, and the second control
signal is applied to the second sensor subsequent to the
predetermined fallen time period via the second control
line while the backlight unit is off, and wherein the first
and second control signals are applied within a vertical
blank period of a vertical synchronization signal of the
liquid crystal panel.
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