US 20090135333A1

asy United States
a2 Patent Application Publication (o) Pub. No.: US 2009/0135333 A1
Tai et al. (43) Pub. Date: May 28, 2009
(54) LCD WITH AMBIENT LIGHT SENSE Publication Classification
FUNCTION AND METHOD THEREQF (51) Int.CI
.  Tr . GO2F 1/1335 (2006.01)
(75) Inventors: Ya-Hsiang Tai, Hsinchu City (TW); HO5B 37/02 (2006.01)
Han-Ching Ho, Taipei City (TW); 52) US.Cl 349/61; 250/214 AL
Chia-Pin Cheng, Kaohsiung (52) US.Cl oo ;25
The invention discloses an LCD with an ambient light sense
Correspondence Address: function and its method. The method compraises the step of:
BACON & THOMAS, PLLC coupling a capacitor to a source electrode of a thin film
625 SLATERS LANE, FOURTH FLOOR transistor; calculating a transmission time which required by
ALEXANDRIA, VA 22314-1176 (US) a potential change from the reduction of electric charges; and
finally, calculating an intensity of the ambient light according
(73) Assignee: NATIONAL CHIAO TUNG to the transmission time. The invention further discloses an

UNIVERSITY, Hsinchu City (TW) ambient light sense circuit having a thin film transistor, a
capacitorand a read-out switch. As the ambient light changes,

(21) Appl. No.: 12/073,485 aleakage current of the thin film transistor is changed accord-
ingly, and the transmission time which required by the poten-
(22) Filed: Mar. 6, 2008 tial change is therefore changed. The read-out switch trans-
mits said potential to a data read-out line in order to calculate
(30) Foreign Application Priority Data the intensity of the ambient light from the transmission time.
The LCD of this invention includes a plurality of capacitors,

Nov. 27,2007 (TW) oo, 096145046  aplurality of read-out switches and a processing module.

!

ROC

Vdd AMBIENT
—  LIGHT ~ Cref

Ts

ROL



Patent Application Publication

Vdd AMBIENT
LIGHT

May 28, 2009 Sheet 1 of 12 U

S 2009/0135333 Al

O

Ts

FIG.1

ROL



Patent Application Publication = May 28, 2009 Sheet 2 of 12 US 2009/0135333 A1

&3
[ Z
oQ
¥ m
~
wn !
© 9
>
| l 1 I | I [ | | l’?
o o o "o "o o
p— L ] y— e e *
> ¢ o e e <
- = S S S
— o0 \O <t (q\|

(SPDINATIIND DNILIDATIOLOHd



Patent Application Publication = May 28, 2009 Sheet 3 of 12 US 2009/0135333 A1

100
130 /
A
Vdd ROL Vvdata Vdd
T 120
o—u—m //
4
A\/_“‘ _l__0 ! T2
\_\_—’, Tl_iq—l r—"_ Nl
GL IP—\_%D
| T Cst
0—l_|—0
i

— 145
150 T\ _"—F T I

140
FIG.3



Patent Application Publication = May 28, 2009 Sheet 4 of 12 US 2009/0135333 A1

Couple a capacitor to a source of -S10
a thin film transistor
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LCD WITH AMBIENT LIGHT SENSE
FUNCTION AND METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play, and more particularly to a liquid crystal display with an
ambient light sense function.

BACKGROUND OF THE INVENTION

[0002] At present, information technology is well devel-
oped in our society, and the electronic display instruments are
used extensively in industries and homes to serve as an inter-
active media between users and various electronic instru-
ments. Since liquid crystal display comes with the features of
light weight and low power consumption, it has become an
indispensable one to our daily life. The liquid crystal display
comprises a backlight module as a light source, a liquid
crystal layer and several thin film transistors for controlling
the deflection angle of liquid crystals, wherein the thin film
transistor is one of field-effect transistors which primarily
was made by depositing different thin films, such as an active
layer, a dielectric layer and a metal electrode layer over a
substrate. The thin film transistor also comes with the features
of small volume and light weight, and thus thin film transistor
1s commonly used in liquid crystal display.

[0003] However, the power consumption of a liquid display
panel (or screen) of a notebook computer still occupies one-
third of the overall power consumption of the notebook com-
puter. Thus, it is a long-term objective for manufacturers to
develop a power-saving liquid crystal display (or screen) for
users, as science or technology advances. Therefore, the way
of using the traditional manufacturing method should be
reviewed carefully without direct adopting. For example, the
brightness of the screen in the past is produced in above a
certain level of intensity to avoid the LCD screen being
dimmed under a bright ambient light, while such arrangement
consumes lots of power, and the bright screen may irritate
user’s eyes.

[0004] To save power, a new-generation liquid crystal dis-
play has come with a feature of adjusting itself intensity of a
light emission to provide the most suitable brightness for
users in accordance with the brightness of an ambient light In
other words, the new-generation liquid crystal display can
correct its own brightness according to the brightness of the
ambient light source to achieve the goal of providing suffi-
cient brightness without irritating users’ eyes.

[0005] One of the methods of detecting ambient light are
disclosed in prior arts is U.S. Pat. No. 7,218,048. Referring to
FIG. 1 for a schematic view of a structure of a prior art
electronic display device, the cited prior art adopts a photo
sensing diode (or PIN diode) as a photo sensing element. This
component can produce a leakage current of a different inten-
sity under the projection of a light of a different intensity, and
the prior art uses this feature to detect the brightness of the
environmental surrounding. However, the level of leakage
current is approximately equal to 8~10 amperes as shown in
FIG. 2, and thus an external circuit cannot read such a small
signal to correct the brightness. Therefore, it is necessary to
connect a plurality of photo sensing diodes in parallel as
shown in FIG. 3 in order to connect a plurality of transistors
(Ts) in parallel for accumulating a current flow and achieve
the detection range of the external circuit. Obviously, the
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prior art requires a very large detecting area; while it not only
increased the non-displaying area of a screen, but also
increased the cost amount.

[0006] In view of the the prior art, the inventor of the
present invention based on years of experience in the related
industry to conduct extensive researches and experiments,
and finally developed a liquid crystal display with an ambient
light sense function and its method to overcome the short-
comings of the prior art.

SUMMARY OF THE INVENTION
[0007] Tt is a primary objective of the present invention to
provide a liquid crystal display with an ambient light sense
function and its method to overcome the shortcomings of the
prior art especially in its too-large sensing area and its too-
high cost amount.
[0008] Another objective of the present invention is to pro-
vide an ambient light sense method applicable for a thin film
transistor, and the method comprises the steps of: coupling a
capacitor to a source electrode of a thin film transistor; reduc-
ing the electric charges of the capacity according to a leakage
current of the thin film transistor; calculating a transmission
time ofa potential from the reduction of electric charges; and
finally calculating the intensity of the ambient light according
to the transmission time.
[0009] A further objective of the present invention is to
provide an ambient light sense circuit applicable for a pixel
structure, and the circuit comprises: a thin film transistor,
having an intensity of leakage current directly proportional to
the intensity of the ambient light; a capacitor, with an end
coupled to a source electrode of the thin film transistor, and
another end coupled to the ground; and a read-out switch,
coupled between the source electrode of the thin film transis-
tor and a data read-out line. If the ambient light changes, the
leakage current of the thin film transistor is changed accord-
ingly, and a transmission time which required by a the poten-
tial change is therefore calculated, wherein the read-out
switch transmits said potential to a data read-out line, and the
external circuit calculates the intensity of the ambient light
according to the transmission time of the capacitor.
[0010] The present invention further provides a liquid crys-
tal display that can adjust the brightness of an illuminating
module according to the ambient light, and comprises a plu-
rality of capacitors, coupled to a plurality of pixels of the
liquid crystal display; a plurality of read-out switches,
coupled between the capacitor and a data read-out line, for
reading said potential; and a processing module, for calculat-
ing the intensity of the ambient light according to the trans-
mission time which required by the potential change, in order
to adjust the brightness of the illuminating module.
[0011] In view of the description above, the liquid crystal
display with an ambient light sense function and its method in
accordance with the present invention have the following

advantages:

[0012] (1) The sensing area can be reduced effectively.
[0013] (2) The power consumption can be lowered.
[0014] (3) The potential can be outputted by a digital signal.
[0015] (4) The production cost can be reduced.

[0016] To make it easier for the examiner to understand the
object, shape, structure, device, characteristics and functions
of this invention, the specification accompanied by the draw-
ings is described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1isaschematic view of a structure of aprior art
electronic display device;
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[0018] FIG. 2 is a schematic view of a leakage current of a
prior art electronic display device;

[0019] FIG. 3 is a schematic view of a portion of a prior art
electronic display device;

[0020] FIG. 4 is a flow chart of an ambient light sense
method of the present invention;

[0021] FIG. 5 is a schematic view of a structure of an
ambient light sense circuit in accordance with the present
invention;

[0022] FIG. 6is a schematic view of another structure ofan
ambient light sense circuit in accordance with the present
invention;

[0023] FIG. 7 is a schematic view of a pixel structure of an
ambient light sense circuit in accordance with the present
invention;

[0024] FIG. 8is aschematic view of another pixel structure
of an ambient light sense circuit in accordance with the
present invention;

[0025] FIG. 9 is a waveform diagram of an ambient light
sense circuit in accordance with the present invention;
[0026] FIG. 10 is a schematic view of a liquid crystal dis-
play in accordance with the present invention;

[0027] FIG. 11 is a simulated waveform diagram of the
present invention; and

[0028] FIG. 12 is a waveform diagram of an actual mea-
surement in accordance with a preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] The liquid crystal display with an ambient light
sense function and its method in accordance with the present
invention are described in details together with related draw-
ings as follows. For simplicity, like reference numerals of the
following embodiments refer to like parts of the invention.
[0030] Referring to FIG. 4 for a flow chart of an ambient
light sense method of the invention, the method comprises the
steps of: coupling a capacitor to a source electrode of a thin
film transistor (Step S10), wherein the leakage current of the
thin film transistor is directly proportional to the intensity of
the ambient light, and thus the electric charges of the capaci-
tor are reduced according to the leakage current of the thin
film transistor (Step S20); calculating a transmission time for
transmitting the potential from high to low from the reduction
of electric charges (Step S30); and finally calculating the
intensity of the ambient light according to the transmission
time (Step S40).

[0031] In other words, the method to manufacture a thin
film transistor can be set by the present panel manufacturing
processes, to store electric charges in a capacitor firstly, and
then use the thin film transistor features of the leakage current
varies in different intensity of light source, to make a differ-
ence of time required when losing electric charges in the
capacitor. Therefore, if the ambient light is stronger, the time
for transmitting the potential is therefore shorter. Besides, the
clock of a scan line on the panel is used here to drive a circuit
to read said potential signal, so as to achieve the goal of
detecting the intensity of the ambient light. Since the compo-
nents adopted in this method match with the present existing
manufacturing process, the liquid crystal display of the inven-
tion can be manufactured by the present existing panel manu-
facturing process without changing the manufacturing pro-
cess to achieve the goal of lowering the manufacturing cost.
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[0032] In the method of a preferred embodiment, a data
read-out line is provided for obtaining said potential. To digi-
tize the potential signal, this embodiment also connects a
logic gate to the data read-out line. In other words, after the
potential is fed into a logic NOT gate, the potential is output-
ted to the data read-out line. To make it easy to identify the
outputted signal, an inverting amplifier is added to the logic
NOT gate. Further, a read-out switch can be coupled between
the data read-out line and the capacitor, and the existing scan
line signal ofa liquid crystal panel is used to sequentially start
a plurality of read-out switches, so that the data read-out line
can obtain a plurality of electric potential signals of the
capacitors sequentially. To provide a better interactive rela-
tion between the leakage current of the thin film transistor and
the ambient light, the thin film transistor of the embodiment
adopts an amorphous silicon thin film transistor or a polysili-
con thin film transistor.

[0033] Referring to FIG. 5 for a schematic view of a struc-
ture of an ambient light sense circuit in accordance with the
presentinvention, the circuit is applicable for a pixel structure
and comprises an input voltage 100, a scan line 200, a data
read-out line 300, a photo sensing thin film transistor 400, a
capacitor 500 and a read-out switch 600. Their connections
are shown in FIG. 5 and thus will not be described further
here. After the scan line 200 turns on the photo sensing thin
film transistor 400, the input voltage 100 pulls the potential
Ve 500 to a high potential. If the scan line 200 turns off the
photo sensing thin film transistor 400, the photo sensing thin
film transistor 400 will produce a leakage current under the
projection of an ambient light, and the magnitude of the
leakage current is directly proportional to the intensity of the
ambient light. The leakage current will gradually consume
the electric charges which stored in the capacitor 500, and the
potential Ve 500 will drop accordingly. And then, the read-out
switch 600 transmits the change of the potential V¢ to the data
read-out line 300, so that an external circuit can estimate the
intensity of the ambient light based on the time required for
transmitting the potential Ve from high potential to low
potential. The aforementioned photo sensing thin film tran-
sistor 400 can be an amorphous silicon thin film transistor or
a polysilicon thin film transistor to achieve a better sensing
effect of the ambient light.

[0034] Referring to FIG. 6 for a schematic view of another
structure of an ambient light sense circuit in accordance with
the present invention, an inverting amplifier 700 is coupled
between the capacitor 500 and the read-out switch 600. The
potential V¢ 500 can be converted into an inverted and ampli-
fied digital signal by the inverting amplifier 700 to achieve the
advantages of a low level of complexity and a high level of
precision, so as to facilitate the external circuit to determine
the intensity of the ambient light.

[0035] Referring to FI1G. 7 for a schematic view of a struc-
ture of an ambient light sense circuit in accordance with a
preferred embodiment of the present invention, the read-out
switch 600 is a thin film transistor switch 610. In addition, a
pre-stage of the read-out switch 600 can be coupled to a signal
amplification transistor 620 for amplifying the output voltage
Vout.

[0036] Referring to FI1G. 8 for a schematic view of a struc-
ture of an ambient light sense circuit in accordance with
another preferred embodiment of the present invention, the
inverting amplifier 700 comprises a p-type thin film transistor
710 and a n-type thin film transistor 720, and its operating
principle is a prior art, and thus will not be described in details
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here. The read-out switch 600 is comprised of a thin film
transistor switch 610 and controlled at a second scan line 220.
Therefore, all components in this embodiment can be
achieved by the present existing manufacturing procedure.
The scan signals of a liquid crystal display are fed into a first
scan line 210 and a second scan line 220 to start a photo
sensing thin film transistor 400 and a thin film transistor
switch 610 sequentially. Therefore, the data read-out line 300
can obtain the waveforms of the output voltage Vout sequen-
tially. In FIG. 9, the data read-out line 300 uses a scan signal
as a basic frequency to calculate the transmission time of the
output voltage signal. For example, the output voltage Vout
within one basic frequency is converted from high potential to
low potential under the projection of a strong light. If the
ambient light becomes weaker, the output voltage Vout may
be converted in 2~3 basic frequencies.

[0037] Referring to F1G. 10 for a schematic view of a struc-
ture of a liquid crystal display in accordance with the present
invention, the invention comprises a processing module 810,
an illuminating module 820, a panel 900, a data read-out line
300, a plurality ofread-out switches 600, a plurality of capaci-
tors 500 and a plurality of pixels 830. As we all know, the
panel 900 has a plurality of pixel structures, and users can
connect the capacitor 500 and the read-out switch 600 accord-
ing to the requirements of the manufacturing procedure, or
the consideration of cost on a portion or the whole of the
pixels 830. If an ambient light is projected onto a thin film
transistor with the pixels 830 to produce a leakage current, the
potential 500 keeps on dropping as the electric charges of the
capacitor 500 are removed according to the leakage current.
The processing module 810 starts the read-out switch 600 to
transmit the potential signals 500 to a data read-out line 300
sequentially. After the processing module 810 obtains a trans-
mission time of the potential represented by the ambient light
through the data read-out line 300, the intensity of the illumi-
nating module 820 such as the backlight module of the
capacitor 500 can be adjusted to achieve the power saving
effect. To amplify the potential signals 500 in order to
improve the identification level and digitize the transmission
time of the electric potential, the capacitor 500 can be coupled
to a logic NOT gate such as an inverting amplifier 700.

[0038] Referring to FIG. 11 for a simulated waveform dia-
gram of the present invention, the simulated waveform simu-
lates the intensity of the leakage current of the TFT under the
projection of ambient light of a different intensity. Referring
to FIG. 12 for an actual measured waveform diagram of a
preferred embodiment of the present invention, the status of a
leakage current of the TFT is projected by an ambient light of
a different intensity after a first scan line signal and an input
voltage signal are actually measured.

[0039] Although the invention uses the magnitude of a
leakage current of the thin film transistor that is directly
proportional to the intensity of the ambient light to detect a
change of ambient light, yet the invention is not limited to
such arrangement only. If the magnitude of leakage current of
the thin film transistor is indirectly proportional to the inten-
sity of the ambient light, the objective of detecting the ambi-
ent light in accordance with the present invention can be
achieved without departing the spirit of the invention of using
the leakage current of the thin film transistor to detect the
ambient light. Therefore, the aforementioned thin film tran-
sistor is preferably an amorphous silicon thin film transistor
or a polysilicon thin film transistor, but the invention is not
limited to such arrangement.
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[0040] Insummation of the description above, the present
invention of the liquid crystal display with an ambient light
sense function and its method has the following features:
[0041] 1. The thin film transistor produced by the present
manufacturing process can be used as an ambient light sensor.
[0042] 2. The sensing area can be reduced.

[0043] 3. The power consumption can be decreased.
[0044] 4. The production cost can be lowered.

[0045] 5. The potential can be outputted by a digital signal.
[0046] While the invention has been described in terms of
specific embodiments of the present invention, it is not lim-
ited to such detail since numerous modifications and varia-
tions could be made thereto by those skilled in the art without
departing from the scope and spirit of the present invention.
Therefore, the features and advantages of the present inven-
tion will be set forth in the claims.

What is claimed is:

1. An ambient light sense method, applicable for a thin film
transistor, comprising the steps of’

coupling a capacitor to a source electrode of the thin film
transistor;

reducing electric charges of the capacitor according to a
leakage current of the thin film transistor;

calculating a transmission time which required by a poten-
tial change from the reduction of electric charges; and

calculating an intensity of the ambient light according to
the transmission time.

2. The ambient light sense method of claim 1, further
comprising a step of coupling a logic NOT gate to the capaci-
tor, for transmitting said potential into a digital signal.

3. The ambient light sense method of claim 2, wherein the
logic NOT gate is an inverting amplifier.

4. The ambient light sense method of claim 1, further
comprising a step of coupling a data read-out line to the
capacitor, for outputting said potential.

5. The ambient light sense method of claim 4, further
comprising a step of coupling a read-out switch between the
capacitorand the data read-out line, for reading said potential.

6. The ambient light sense method of claim 1, wherein the
thin film transistor is an amorphous silicon thin film transistor
or a polysilicon thin film transistor.

7. An ambient light sense circuit, applicable for a pixel
structure, comprising:

a thin film transistor, with a leakage current directly pro-

portion to the ambient light;

a capacitor, with an end coupled to a source electrode of the
thin film transistor, and another end coupled to a ground;
and

a read-out switch, coupled between a source electrode of
the thin film transistor and a data read-out line;

thereby, if the ambient light changes, the leakage current of
the thin film transistor is changed accordingly, so that a
transmission time which required by a potential change
is therefore changed, wherein the read-out switch trans-
mits said potential to the data read-out line.

8. The ambient light sense circuit of claim 7, further com-
prising a logic NOT gate, coupled between the capacitor and
the read-out switch, for transmitting said potential into a
digital signal.

9. The ambient light sense circuit of claim 8, wherein the
logic NOT gate is an inverting amplifier.

10. The ambient light sense circuit of claim 7, wherein the
thin film transistor is an amorphous silicon thin film transistor
or a polysilicon thin film transistor.
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11. A liquid crystal display, for adjusting a brightness ofan
illuminating module according to an ambient light, compris-
ing:

a plurality of capacitors, coupled to a plurality of pixels of

the liquid crystal display;

a plurality of read-out switches, coupled between the
capacitors and a data read-out line, for reading said
potential; and

aprocessing module, calculated an intensity of the ambient
light in accordance with the transmission time which
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required by a potential change, for adjusting the bright-
ness of the illuminating module.

12. The liquid crystal display of claim 11, further com-
praising a plurality of logic NOT gates, coupled between the
capacitors and the read-out switches, for transmitting said
potential into a digital signal.

13. Theliquid crystal display of claim 12, wherein the logic
NOT gate is an inverting amplifier.

14. The liquid crystal display of claim 11, wherein the
illuminating module is a backlight module.
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