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(57) ABSTRACT

An exemplary liquid crystal display (LCD) panel includes
scan lines, data lines, a scan driver connected to the scan
lines, a data driver connected to the data lines, a controller
connected to the scan driver and the data driver, and pixels
formed by the scan lines and the data lines. The LCD panel
is divided into five detecting regions, and the first detecting
region is in a center of the LCD panel, and others surround
the center portion of the LCD panel. Each detecting region
includes a photo sensor. The controller is used to control the
five detecting regions to have substantially the same flicker
level.
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LIQUID CRYSTAL DISPLAY PANEL WITH PHOTO
SENSORS AND METHOD FOR ADJUSTING
REFERENCE VOLTAGE IN THE PANEL

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display (LCD) panel and a method for adjusting voltage
applied in the LCD panel; and particularly to an LCD panel
with a reduced flicker effect, and a method for adjusting
voltage applied in the LCD panel in order to reduce or even
eliminate any flicker effect.

[0003]

[0004] Generally, one well-known major disadvantage of
cathode ray tube (CRT) monitors is the flicker problem.
Liquid crystal display (LCD) monitors can also exhibit the
flicker problem. In practice, a user is liable to be inconve-
nienced or annoyed by the flicker problem no matter which
kind of monitor he or she has.

[0005] The reason for the occurrence of the flicker prob-
lem in an LCD monitor is as follows. To illustrate why an
LCD panel flickers, suppose that a manufactured LCD panel
has a common voltage (Vcom) of 5.5V according to its
specifications. If an input video signal varies between 0 V
and 10V, the full-scale voltage applied to different electric
fields of the pixel-based graphic display varies accordingly.
In one field, the full-scale voltage may be 4.5V; and in
another field, the full-scale voltage may be 5.5V. This
difference in full-scale voltage translates to a difference in
light intensity, which is perceived as flicker by a viewer.

1. Field of the Invention

2. General Background

[0006] In mass manufacturing, due to the variations in the
construction of each LCD panel, the optimal Vcom voltage
can differ from LCD panel to LCD panel or even across a
single LCD panel. Original equipment manufacturers must
therefore adjust each of the LCD panels coming out of the
factory to eliminate flicker. For small LCD screens where
the backplane of the LCD panel can be considered as a
low-impedance ground, a single potentiometer can be con-
nected to the LCD panel for adjustment of the common
voltage. Traditionally, the potentiometer is manually con-
nected to the LCD panel, and the adjustment is performed by
a human operator. However, this procedure has low preci-
sion, and the LCD panel is liable to be accidentally damaged
by the operator. In addition, the procedure is generally only
suitable for small LCD panels. Furthermore, due to human
error in viewing the displayed image, the flicker problem
may still occur in the LCD panel even after meticulous
adjustment by the operator.

[0007] What is needed, therefore, is a liquid crystal dis-
play panel and a method for adjusting voltage applied in a
liquid crystal display panel which can overcome the above-
described problems.

SUMMARY

[0008] An exemplary of liquid crystal display panel
(LCD) includes a plurality of scan lines, a plurality of data
lines, a scan driver, a data driver, a timing controller, and a
common electrode. The scan lines and the data lines cross
each other and form a crisscross matrix which defines a
plurality of pixels. Both of the data and scan drivers are used
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to drive the pixels. The controller electrically connects to the
scan driver and the data driver. The LCD panel defines a first
detecting area and a second detecting area. The first detect-
ing area is located in a center portion of the LCD panel and
the second detecting area is located in a portion of LCD
panel other than the center portion. Each of the first and
second detecting area includes a photo sensor (e.g. a pho-
tonic diode or a photonic transistor, etc.). By comparing a
flicker level of the first detecting area and a minimum value
of the flicker level of the second detecting area through the
photo sensors so as to adjust a voltage applied to the
common electrode through the timing controller. Therefore,
the flicker problem can be substantially eliminated.

[0009] An exemplary of method for adjusting voltage
applied in an LCD panel is also provided. The LCD panel
includes a first detecting area and a second detecting area
where the first detecting area is located in a center portion of
the LCD panel and the second detecting area is located in a
portion other than the center portion of the LCD panel. The
method includes the following steps: (a) detecting a bright-
ness of the at least one first detecting area and a brightness
of the second detecting area; (b) transforming each of the
brightnesses of the at least one first detecting area and the
second detecting area to an analog signal; (c) obtaining at
least one minimum value of first flicker level from the at
least one first detecting area and a second flicker level from
the second detecting area; (d) comparing the at least one
minimum value of first flicker level and the second flicker
level; (e) adjusting a voltage of the common electrode of
said LCD panel if any one of the at least one minimum value
of first flicker level is not equal to the second flicker level,
and (f) fixing a voltage of the common electrode of said
LCD panel if each of the at least one minimum value of first
flicker level is substantially equal to the second flicker level.

[0010] Other advantages and novel features of embodi-
ments of the present invention will become more apparent
from the following detailed description when taken in con-
Junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an abbreviated block diagram of a liquid
crystal display panel according to an exemplary embodiment
of the present invention.

[0012] FIG. 2 is a flowchart of a method for adjusting
voltage applied in a liquid crystal display panel, according
to another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0013] Referring to FIG. 1, this is an abbreviated block
diagram of a liquid crystal display (LCD) panel according to
an exemplary embodiment of the present invention. The
LCD panel 100 includes a plurality of parallel scan lines 1,
a plurality of parallel data lines 2, a scan driver 3, a data
driver 4, a timing controller 6 connecting to both the scan
driver 3 and the data driver 4, and a common electrode (not
shown). The scan lines 1 and the data lines 2 cross each other
and form a crisscross matrix, which defines a plurality of
pixels 5. The scan driver 3 and data driver 4 are connected
to the plurality of scan lines 1 and the plurality of data lines
2 respectively, so as to drive the pixels 5 to display images.
In the preferred embodiment, each pixel 5 has a photo sensor
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(not shown) such as a photonic diode or a photonic transis-
tor. The photo sensor can be embedded in each pixel 5
during a semiconductor manufacturing process.

[0014] In the preferred embodiment, the LCD panel 100
can be divided into five detecting areas. The first detecting
area E is located in a center portion of the LCD panel 100,
and other four areas (a second detecting area A, a third
detecting area B, a fourth detecting area C, and a fifth
detecting area D) surround the first detecting area E. The
timing controller 6 is used to compare a minimum value of
flicker level of each of the four detecting areas A, B, C, D
to the flicker level of the first detecting area E. When one of
the minimum values of flicker level (i.e. A or B or C or D)
is different from the flicker level of the first detecting area E,
a reference voltage of the common electrode is adjusted
accordingly to eliminate the difference. If all of the mini-
mum values of flicker level are identical to the flicker level
of the first detecting area E, the reference voltage of the
common electrode is fixed at its current (optimum) value.
With the reference voltage fixed at the optimum value, all
flicker levels over the whole LCD panel 100 should be
identical.

[0015] FIG. 2 is a flowchart 10 of a method for adjusting
voltage applied in an LCD panel, according to another
exemplary embodiment of the present invention. In the
method, flicker levels of each of pixels are measured, flicker
levels from different locations on the LCD panel 100 are
compared, and then an optimized common electrode voltage
is calculated. The method includes the following steps:

[0016] Step S1: detecting a brightness of the first, second,
third, fourth, and fifth detecting areas E, A, B, C, and D
sequentially. Subsequently, the brightness data of each of the
detecting areas E, A, B, C, D is transformed to a corre-
sponding analog signal. Step S2: obtaining flicker levels e,
a, b, ¢, and d from the corresponding first, second, third,
fourth, and fifth detecting areas. Step S3: comparing varia-
tions between the flicker levels e and a, e and b, e and ¢, e
and d by means of internal logic pre-stored in the timing
controller 6 of the LCD panel 100. If each of minimum
values of the flicker levels a, b, ¢, or d is not equal to the
flicker level e, step S4 is carried out; otherwise, step S4 is
skipped. Step S4: adjusting the reference voltage applied to
the common electrode of the LCD panel 100 with a view to
equalizing the above-described flicker levels. Then steps S1
to S3 are repeated. Steps S4 and S1 to S3 are repeated in this
way as many times as needed until every minimum value of
the flicker levels a, b, ¢, and d is equal to the flicker level e.
Step S5: fixing the current reference voltage of the common
electrode as the optimum value when all the minimum
values of the flicker levels a, b, ¢, and d are equal to the
flicker level e.

[0017] Ttis to be noted that in Step S1, the analog signals
are transformed from the brightness data of the detecting
areas E, A, B, C, and D. In practice, the greater an analog
signal, the greater the corresponding flicker level; and vice
versa. In the preferred embodiment, the 127 gray level is
adopted to represent a standard level of brightness of each of
the five detecting areas E, A, B, C, and D among gray level
gradations from O to 255. This is because the middle gray
level is more easily recognized by the human eye.

[0018] Tt is to be further understood that even though
numerous characteristics and advantages of various embodi-
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ments have been set forth in the foregoing description,
together with details of structures and functions of certain
embodiments, the disclosure is illustrative only, and changes
may be made in detail, including in matters of shape, size,
and arrangement of parts within the principles of the inven-
tion to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.

We claim:
1. A liquid crystal display (LCD) panel, comprising:

a plurality of scan lines;

a plurality of data lines, said scan lines and said data lines
being arranged in a matrix thereby defining a plurality
of pixels;

a scan driver driving said scan lines;

a data driver driving said data lines, said data driver and
said scan driver being used to drive said pixels;

a controller connected to said scan driver and said data
driver; and

a common electrode;

wherein said LCD panel defines at least one first detecting
area and a second detecting area, the second detecting
area is located in a center portion of said LCD panel
and the at least one detecting area is located in a portion
of said LCD panel other than the center portion, each
of the at least one first detecting area and the second
detecting area comprises a photo sensor; and

when a voltage is applied to said common electrode
through said controller, said photo sensors detect at
least one minimum value of flicker level of the at least
one first detecting area and a flicker level of the second
detecting area, and said controller is configured to
compare the at least one minimum value of flicker level
of the at least one first detecting area with the flicker
level of the second detecting area and adjust the voltage
applied to said common electrode in order that the at
least one minimum value of flicker level of the at least
one first detecting area becomes substantially equal to
the flicker level of the second detecting area.

2. The liquid crystal display parnel as claimed in claim 1,
wherein said photo sensor is a photonic diode.

3. The liquid crystal display panel as claimed in claim 1,
wherein said photo sensor is a photonic transistor.

4. The liquid crystal display panel as claimed in claim 1,
wherein said controller is further configured to fix the
voltage applied to said common electrode when the at least
one minimum value of flicker level of the at least one first
detecting area is substantially equal to the flicker level of the
second detecting area.

5. A method for adjusting voltage applied in a liquid
crystal display panel (LCD), said LCD panel comprising a
common electrode, at least one first detecting area, and a
second detecting area, wherein the second detecting area is
located in a center portion of said LCD panel and the at least
one first detecting area is located in a portion of said LCD
panel other than the center portion, the method comprising:
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(a) detecting a brightness of the at least one first detecting
area and a brightness of the second detecting area;,

(b) transforming each of the brightnesses of the at least
one first detecting area and the second detecting area to
an analog signal;

(¢) obtaining at least one minimum value of first flicker
level from the at least one first detecting area and a
second flicker level from the second detecting area;

(d) comparing the at least one minimum value of first
flicker level and the second flicker level;

(e) adjusting a voltage of the common electrode of said
LCD panel if any one of the at least one minimum value
of first flicker level is not equal to the second flicker
level; and

(D fixing a voltage of the common electrode of said LCD
panel if each of the at least one minimum value of first
flicker level is substantially equal to the second flicker
level.

6. The method as claimed in claim 5, wherein said LCD
panel employs gray level gradations, and the brightnesses
detected are with reference to a standard level of brightness
that is a medium-range gray level in the gray level grada-
tions.

7. The method as claimed in claim 6, wherein the
medium-range gray level in the gray level gradations is a
127 gray level among gray level gradations from 0 to 255.

8. The method as claimed in claim 5, wherein the bright-
nesses of said LCD panel are detected by at least one
photonic diode.

9. The method as claimed in claim 5, wherein the bright-
nesses of said LCD panel are detected by at least one
photonic transistor.
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10. A liquid crystal display (LCD) panel, comprising:
a plurality of scan lines;

a plurality of data lines, said scan lines and said data lines
being arranged in a matrix thereby defining a plurality
of pixels;

a scan driver driving said scan lines;

a data driver driving said data lines, said data driver and
said scan driver being used to drive said pixels;

a controller connected to said scan driver and said data
driver; and

a common electrode;

wherein said LCD panel defines at least one first detecting
area and a second detecting area, said second detecting
area defining a smaller distance to a center of the LCD
panel than the first detecting area, each of the at least
one first detecting area and the second detecting area
comprises a photo sensor; and

when a voltage is applied to said common electrode
through said controller, said photo sensors detect at
least one minimum value of flicker level of the at least
one first detecting area and a flicker level of the second
detecting area, and said controller is configured to
compare the at least one minimum value of flicker level
of the at least one first detecting area with the flicker
level of the second detecting area and adjust the voltage
applied to said common electrode in order that the at
least one minimum value of flicker level of the at least
one first detecting area becomes substantially equal to
the flicker level of the second detecting area.
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