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(57) ABSTRACT

The invention provides a method for obtaining L.CD charg-
ing ratio, comprising: measuring V-T curve of LCD, voltage
corresponding to peak (D1) of V-T curve being data signal
voltage (V. ); lighting up heavy-duty and light-duty
images of LCD according to same grayscale respectively,
measuring actual display brightness of the heavy-duty and
the light-duty images; computing a ratio between the actual
display brightness of the heavy-duty and light-duty images;
using the ratio between the actual display brightness of the
heavy-duty and light-duty images as a ratio to find and mark
a measure point (D2) on V-T curve forming the ratio with
peak (V,,..,), voltage corresponding to measure point (D2)
being peak value of pixel voltage; computing LCD charging
ratio according to peak value (V) of pixel voltage and
data signal voltage (V). As such, accuracy is high and

G09G 3/00 (2006.01) applicable to verifying accuracy of results obtained by using
GOIR 19/10 (2006.01) conventional.
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providing an LCD; 51

measuring V-T curve of the LCD, a voltage corresponding to a peak (D1)
of the V-T curve being a data signal voltage (Vdata);

52

lighting up heavy-duty image and light-duty image of the LCD according
to a same grayscale respectively, measuring and recording actual display 03
brightness of the heavy-duty image and the light-duty image;

computing a ratio between the actual display brightness of the heavy-duty image
and the actual display brightness of the light-duty image;

o4

using the ratio between the actual display brightness of the heavy-duty image
and the actual display brightness of the light-duty image as a ratio to find and
mark a measure point (D2) on the V-T curve forming the ratio with the peak (D1),
voltage corresponding to the measure point (D2) being peak value (Vpixel) of
pixel voltage;

50

computing the LCD charging ratio according to the peak value (Vpixel) of pixel

voltage and data signal voltage (Vdata). o6

Fig. 4
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pixel Vdata

Fig. 5
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METHOD FOR OBTAINING LIQUID
CRYSTAL DISPLAY CHARGING RATIO

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the field of display
techniques, and in particular to a method for obtaining liquid
crystal display (LCD) charging ratio.

2. The Related Arts

[0002] The liquid crystal display (LCD), or LCD panel,
provides the advantages of thinness, power-saving, no radia-
tion, and so on, and is widely applied to, such as, liquid
crystal TV, smart phone, digital camera, tablet PC, PC
monitor, or notebook PC, and stays as a leading technology
in panel display.

[0003] The operation principle behind the LCD is to pour
liquid crystal (LC) molecules between the thin film transis-
tor (TFT) array substrate and the color filter (CF) substrate,
and then apply a driving voltage to the two substrates to
control the rotation direction of the LC molecules to refract
the light of the backlight module r to produce the image.
[0004] Refer to FIG. 1. The active area AA of the LCD has
a plurality of pixels P arranged in an array, with each pixel
further comprising a red sub-pixel R, a green sub-pixel G,
and a blue sub-pixel B, arranged in the longitudinal direc-
tion. Each sub-pixel is electrically connected to a TFT T, the
gate of the TFT T is connected to the scan line 100 extending
in the lateral direction, the source is connected to the data
line 200 extending in the longitudinal direction, and the
drain is connected to the pixel electrode PX. Typically, a
pixel P corresponds to a data line 200 and three scan lines
100, which is referred to as tri-gate architecture. Applying
the gate scan signal Gate to the scan line 100 will cause all
the TFTs T connected to the scan line 100 to turn on. Then,
applying the data signal Data to the data line 200 will be able
to write into corresponding sub-pixel to control the LC
transmittance to achieve color and brightness control.
[0005] The charging ratio is an important index for LCD
as the value directly affects the brightness, transmittance,
display quality of the LCD. Refer to FIG. 2. The charging
ratio is computed as:

CRrasio=( mel/ V g 100%

[0006] WhereinV,,,, is the voltage of the data signal Data
when the gate scan signal Gate is in effect, and V.., is the
peak value of corresponding pixel voltage after charging
sub-pixel.

[0007] In general, as shown in FIG. 2, the duration when
the gate scan signal Gate is in effect is equal to the duration
when the data signal Data is in effect. Without pre-charging,
the LCD charging ration is relatively low. To increase
charging ratio, as shown in FIG. 3, the duration when the
gate scan signal Gate is in effect can be set longer than the
duration when the data signal Data is in effect. As such, in
pre-charging, the LCD charging ratio is increased.

[0008] The conventional process to obtain the LCD charg-
ing ratio comprises:

[0009] identifying pixel layout;

[0010] 1identifying the thickness and electric parameters,
such as, conductivity, dielectric constant, and so on, of each
film layer forming the pixel;
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[0011] extracting related electric parameters of resistors,
capacitors;
[0012] establishing a model card of the TFT based on the

TFT characteristics inside the sub-pixel;
[0013] establishing a SPICE model based on the LCD
driving method;

[0014] obtaining pixel voltage by analogy, and computing
charging ratio.
[0015] The aforementioned conventional method has

obvious shortcoming: the charging ratio only has simulation
result, the accuracy cannot be ensured, and cannot be
verified through experiment.

SUMMARY OF THE INVENTION

[0016] The object of the present invention is to provide a
method for obtaining LCD charging ratio, with higher
accuracy, applicable to verifying accuracy of the results
obtained by using the conventional method for obtaining
LCD charging ratio.

[0017] To achieve the above object, the present invention
provides a method for obtaining [LCD charging ratio, which
comprises:

[0018] Step S1: providing an LCD;

[0019] Step S2: measuring V-T curve of the LCD, a
voltage corresponding to a peak of the V-T curve being a
data signal voltage;

[0020] Step S3: lighting up heavy-duty image and light-
duty image of the LCD according to a same grayscale
respectively, measuring and recording actual display bright-
ness of the heavy-duty image and the light-duty image:
[0021] Step S4: computing a ratio between the actual
display brightness of the heavy-duty image and the actual
display brightness of the light-duty image;

[0022] Step S5: using the ratio between the actual display
brightness of the heavy-duty image and the actual display
brightness of the light-duty image as a ratio to find and mark
a measure point on the V-T curve forming the ratio with the
peak, voltage corresponding to the measure point being peak
value of pixel voltage;

[0023] Step S6: computing the LCD charging ratio accord-
ing to the peak value of pixel voltage and data signal
voltage;

Cratic™Vpiet/ Vaaza)x100%
[0024] Wherein C,,,, being LCD charging ratio, V,,,,
being the voltage of the data signal, and V .., being the peak
value of pixel voltage.

[0025] According to a preferred embodiment of the pres-
ent invention, the light-duty image is a white image.
[0026] According to a preferred embodiment of the pres-
ent invention, the heavy-duty image comprises a single-
color red image, a single-color green image, and a single-
color blue image.

[0027] According to a preferred embodiment of the pres-
ent invention, in Step S3, the lighting up the light-duty
image is achieved by lighting up the single-color red image,
the single-color green image, and the single-color blue
image sequentially.

[0028] According to a preferred embodiment of the pres-
ent invention, in Step S4, computing a ratio between the
actual display brightness of the heavy-duty image and the
actual display brightness of the light-duty image uses the
following equation:

LVpaso=(Lvp+Lvg+Lvg)/Lvy
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wherein Lvg,,, is the atio between the actual display bright-
ness of the heavy-duty image and the actual display bright-
ness of the light-duty image, Lv, is the actual display
brightness of the single-color red image, Lv is the actual
display brightness of the single-color green image, v is the
actual display brightness of the single-color blue image, and
Lvy, is the actual display brightness of the white image.
[0029] According to a preferred embodiment of the pres-
ent invention, the same grayscale used in Step S3 is gray-
scale 255.

[0030] According to a preferred embodiment of the pres-
ent invention, the white image, the single-color red image,
the single-color green image, and the single-color blue
image are all stored in pre-charging process.

[0031] The present invention also provides a method for
obtaining LCD charging ratio, which comprises:

[0032] Step S1: providing an LCD;

[0033] Step S2: measuring V-T curve of the LCD, a
voltage corresponding to a peak of the V-T curve being a
data signal voltage;

[0034] Step S3: lighting up heavy-duty image and light-
duty image of the LCD according to a same grayscale
respectively, measuring and recording actual display bright-
ness of the heavy-duty image and the light-duty image;
[0035] Step S4: computing a ratio between the actual
display brightness of the heavy-duty image and the actual
display brightness of the light-duty image;

[0036] Step S5: using the ratio between the actual display
brightness of the heavy-duty image and the actual display
brightness of the light-duty image as a ratio to find and mark
a measure point on the V-T curve forming the ratio with the
peak, voltage corresponding to the measure point being peak
value of pixel voltage;

[0037] Step S6: computing the LCD charging ratio accord-
ing to the peak value of pixel voltage and data signal
voltage;

Crario=( mel/ V aza)x100%

[0038] wherein Cy,,;, being LCD charging ratio, V.,
being the voltage of the data signal, and V,, being the peak
value of pixel voltage;

[0039] wherein the light-duty image being a white image;
[0040] wherein the heavy-duty image comprising a single-
color red image, a single-color green image, and a single-
color blue image;

[0041] wherein in Step S3, the lighting up the light-duty
image being achieved by lighting up the single-color red
image, the single-color green image, and the single-color
blue image sequentially;

[0042] wherein the white image, the single-color red
image, the single-color green image, and the single-color
blue image being all stored in pre-charging process.
[0043] The present invention provides the following
advantages: the invention provides a method for obtaining
LCD charging ratio, comprising: measuring V-T curve of the
LCD, a voltage corresponding to a peak of the V-T curve
being a data signal voltage; lighting up heavy-duty image
and light-duty image of the LCD according to a same
grayscale respectively, measuring and recording actual dis-
play brightness of the heavy-duty image and the light-duty
image; computing a ratio between the actual display bright-
ness of the heavy-duty image and the actual display bright-
ness of the light-duty image; using the ratio between the
actual display brightness of the heavy-duty image and the

ixel
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actual display brightness of the light-duty image as a ratio to
find and mark a measure point on the V-T curve forming the
ratio with the peak, voltage corresponding to the measure
point being peak value of pixel voltage; computing the LCD
charging ratio according to the peak value of pixel voltage
and data signal voltage. As such, the accuracy is high and
applicable to verifying accuracy of the results obtained by
using the conventional method for obtaining LCD charging
ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] To make the technical solution of the embodiments
according to the present invention, a brief description of the
drawings that are necessary for the illustration of the
embodiments will be given as follows. Apparently, the
drawings described below show only example embodiments
of the present invention and for those having ordinary skills
in the art, other drawings may be easily obtained from these
drawings without paying any creative effort. In the draw-
ings:

[0045] FIG. 1 is a schematic view showing a known
tri-gate architecture LCD with active areas;

[0046] FIG. 2 is a schematic view showing the timing
sequence without pre-charging process for the LCD of FIG.
L

[0047] FIG. 3 is a schematic view showing the timing
sequence with pre-charging process for the LCD of FIG. 1,
[0048] FIG. 4 is a schematic view showing the flowchart
of a preferred embodiment of the method for obtaining LCD
charging ratio of the present invention;

[0049] FIG. 5 is a schematic view showing the V-T curve
used in a preferred embodiment of the method for obtaining
LCD charging ratio of the present invention;

[0050] FIG. 6 is a schematic view showing lighting up a
white image in a preferred embodiment of the method for
obtaining LCD charging ratio of the present invention,
[0051] FIG. 7 is a schematic view showing the timing
sequence corresponding to FIG. 6;

[0052] FIG. 8 is a schematic view showing lighting up a
single-color green image in a preferred embodiment of the
method for obtaining LCD charging ratio of the present
invention;

[0053] FIG. 9 is a schematic view showing the timing
sequence corresponding to FIG. 8;

[0054] FIG. 10 is a schematic view showing the principle
of method for obtaining LCD charging ratio of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0055] Referring to FIG. 4, FIG. 4 is a schematic view
showing the flowchart of a preferred embodiment of the
method for obtaining LCD charging ratio of the present
invention. The method comprises:

[0056] Step S1: providing an LCD.

[0057] The LCD is a tri-gate architecture LCD as shown
in FIG. 1, wherein the active area is disposed with a plurality
of pixels P arranged in an array, with each pixel further
comprising a red sub-pixel R, a green sub-pixel G, and a
blue sub-pixel B, arranged in the longitudinal direction.
Each sub-pixel is electrically connected to a TFT T, the gate
of the TFT T is connected to the scan line 100 extending in
the lateral direction, the source is connected to the data line
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200 extending in the longitudinal direction, and the drain is
connected to the pixel electrode PX. Typically, a pixel P
corresponds to a data line 200 and three scan lines 100.
Applying the gate scan signal Gate to the scan line 100 will
cause all the TFTs T connected to the scan line 100 to turn
on. Then, applying the data signal Data to the data line 200
will be able to write into corresponding sub-pixel to control
the LC transmittance to achieve color and brightness con-
trol.

[0058] Step S2: as shown in FIG. 5, measuring V-T curve
of the LCD (V is the voltage and T is the transmittance
ratio).

[0059] The voltage corresponding to a peak D1 of the V-T
curve is a data signal voltage V.

[0060] Step S3: as shown in FIG. 6 and FIG. 8, lighting up
heavy-duty image and light-duty image of the LCD accord-
ing to a same grayscale respectively, measuring and record-
ing actual display brightness of the heavy-duty image and
the light-duty image.

[0061] Specifically, the same grayscale used is preferably
grayscale 255.
[0062] The light-duty image is a white image; that is, the

red sub-pixel R, the green sub-pixel G and the blue sub-pixel
B are all lighted up at grayscale 255. Refer to FIG. 6 and
FIG. 7. The light-duty image for lighting up the L.CD 1is
stored in the pre-charging process, and the pre-charging
voltage is higher. The final peak value V.., of pixel voltage
can reach the data signal V..

[0063] Theheavy-duty image comprises a single-color red
image, a single-color green image, and a single-color blue
image. In Step S3, the lighting up the light-duty image is
achieved by lighting up the single-color red image, i.e.,
lighting up red sub-pixel R at grayscale 255, the single-color
green image i.e., lighting up green sub-pixel G at grayscale
255, and the single-color blue imag, i.e., lighting up blue
sub-pixel B at grayscale 255, sequentially. Refer to FIG. 8
and FIG. 9. The heavy-duty image (take the single-color
green image as example) for lighting up the LCD is stored
in the pre-charging process, and the pre-charging voltage is
lower. The final peak value V.., of pixel voltage is lower
than the data signal V,,_.

[0064] Step S4: computing a ratio between the actual
display brightness of the heavy-duty image and the actual
display brightness of the light-duty image.

[0065] Specifically, in Step S4, computing a ratio between
the actual display brightness of the heavy-duty image and
the actual display brightness of the light-duty image uses the
following equation:

ixe,

Lvgano~(IvgtLve+Lvg)/Lvy

wherein Lvg,,;, is the ratio between the actual display
brightness of the heavy-duty image and the actual display
brightness of the light-duty image, Lv is the actual display
brightness of the single-color red image, Lv; is the actual
display brightness ofthe single-color green image, Lv is the
actual display brightness of the single-color blue image, and
Lvy, is the actual display brightness of the white image.

[0066] Step S5: as shown in FIG. 5, using the ratio
between the actual display brightness of the heavy-duty
image and the actual display brightness of the light-duty
image as a ratio to find and mark a measure point D2 on the
V-T curve forming the ratio with the peak D1, voltage
corresponding to the measure point D2 being peak value of
pixel voltage V,

ixel*
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[0067] Step S6: computing the LCD charging ratio accord-
ing to the peak value of pixel voltage and data signal
voltage;

Craric™Vpixet/V aata)*100%

[0068] Wherein Cy,,;, being LCD charging ratio, V,,,,
being the voltage of the data signal, and V ,, being the peak
value of pixel voltage.

[0069] Refer to FIG. 10, in combination with FIG. 5. The
principle of the method for obtaining the LCD charging ratio
is as follows:

[0070] Because the heavy-duty image (e.g., the single-
color green image) is insufficiently charged, the actual
display brightness at 255 grayscale is less than the actual
display brightness of the white image at 255 grayscale. For
example, the actval display brightness of the single-color
green image at 255 grayscale is only 91% of the actual
display brightness of the white image at 255 grayscale; that
is, the actual display brightness of the single-color green
image at 255 grayscale is equal to the actual display bright-
ness of the white image at 232 grayscale. The brightness
equality correspondingly means equal peak value V., of
pixel voltage, and the brightness corresponds to transmit-
tance ratio. As such, using the ratio between the actual
display brightness of the heavy-duty image and the actual
display brightness of the light-duty image as a ratio to find
and mark a measure point D2 on the V-T curve forming the
ratio with the peak D1, voltage corresponding to the measure
point D2 is peak value of pixel voltage V,,..; Then, by
computing the ratio between the peak value V., of pixel
voltage and data signal voltage V.. the LCD charging
ratio Cy,,;, 1s obtained. This method obtains LCD charging
ratio through actual measurement so that the accuracy is
higher and applicable to verifying accuracy of the results
obtained by using the conventional method for obtaining
LCD charging ratio.

[0071] In summary, the invention provides a method for
obtaining LCD charging ratio, comprising: measuring V-T
curve of the LCD, a voltage corresponding to a peak of the
V-T curve being a data signal voltage; lighting up heavy-
duty image and light-duty image of the LCD according to a
same grayscale respectively, measuring and recording actual
display brightness of the heavy-duty image and the light-
duty image; computing a ratio between the actual display
brightness of the heavy-duty image and the actual display
brightness of the light-duty image; using the ratio between
the actual display brightness of the heavy-duty image and
the actual display brightness of the light-duty image as a
ratio to find and mark a measure point on the V-T curve
forming the ratio with the peak, voltage corresponding to the
measure point being peak value of pixel voltage; computing
the LCD charging ratio according to the peak value of pixel
voltage and data signal voltage. As such, the accuracy is high
and applicable to verifying accuracy of the results obtained
by using the conventional method for obtaining LCD charg-
ing ratio.

[0072] It should be noted that in the present disclosure the
terms, such as, first, second are only for distinguishing an
entity or operation from another entity or operation, and
does not imply any specific relation or order between the
entities or operations. Also, the terms “comprises”,
“include”, and other similar variations, do not exclude the
inclusion of other non-listed elements. Without further

ixel
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restrictions, the expression “comprises a . . . ” does not
exclude other identical elements from presence besides the
listed elements.

[0073] Embodiments of the present invention have been
described, but not intending to impose any unduly constraint
to the appended claims. Any modification of equivalent
structure or equivalent process made according to the dis-
closure and drawings of the present invention, or any
application thereof, directly or indirectly, to other related
fields of technique, is considered encompassed in the scope
of protection defined by the claims of the present invention.

What is claimed is:

1. A method for obtaining liquid crystal display (LCD)

charging ratio, which comprises:

Step S1: providing an LCD;

Step S2: measuring V-T curve of the LCD, a voltage
corresponding to a peak of the V-T curve being a data
signal voltage;

Step S3: lighting up heavy-duty image and light-duty
image of the LCD according to a same grayscale
respectively, measuring and recording actual display
brightness of the heavy-duty image and the light-duty
image;

Step S4: computing a ratio between the actual display
brightness of the heavy-duty image and the actual
display brightness of the light-duty image;

Step S5: using the ratio between the actual display bright-
ness of the heavy-duty image and the actual display
brightness of the light-duty image as a ratio to find and
mark a measure point on the V-T curve forming the
ratio with the peak, voltage corresponding to the mea-
sure point being peak value of pixel voltage;

Step S6: computing the LCD charging ratio according to
the peak value of pixel voltage and data signal voltage;

Crario™( mel/ V gara)x100%;

wherein Cg,,,, being LCD charging ratio, V ,,, being the
voltage of the data signal, and V,, , being the peak
value of pixel voltage.

2. The method for obtaining LCD charging ratio as
claimed in claim 1, wherein the light-duty image is a white
image.

3. The method for obtaining LCD charging ratio as
claimed in claim 2, wherein the heavy-duty image comprises
a single-color red image, a single-color green image, and a
single-color blue image.

4. The method for obtaining LCD charging ratio as
claimed in claim 3, wherein in Step S3, the lighting up the
light-duty image is achieved by lighting up the single-color
red image, the single-color green image, and the single-color
blue image sequentially.

5. The method for obtaining LLCD charging ratio as
claimed in claim 4, wherein in Step S4, computing a ratio
between the actual display brightness of the heavy-duty
image and the actual display brightness of the light-duty
image uses the following equation:

ixel

Lvpane=(LvgtLvg+Lvg)/Lvys;

wherein Lvg,,., is the atio between the actual display
brightness of the heavy-duty image and the actual
display brightness of the light-duty image, Lv is the
actual display brightness of the single-color red image,
Lv,; is the actual display brightness of the single-color
green image, L is the actual display brightness of the
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single-color blue image, and Lv,;, is the actual display
brightness of the white image.

6. The method for obtaining LCD charging ratio as
claimed in claim 4, wherein the same grayscale used in Step
S3 is grayscale 255.

7. The method for obtaining LCD charging ratio as
claimed in claim 3, wherein the white image, the single-
color red image, the single-color green image, and the
single-color blue image are all stored in pre-charging pro-
cess.

8. A method for obtaining liquid crystal display (LCD)
charging ratio, which comprises:

Step S1: providing an LCD;

Step S2: measuring V-T curve of the LCD, a voltage
corresponding to a peak of the V-T curve being a data
signal voltage;

Step S3: lighting up heavy-duty image and light-duty
image of the LCD according to a same grayscale
respectively, measuring and recording actual display
brightness of the heavy-duty image and the light-duty
image;

Step S4: computing a ratio between the actual display
brightness of the heavy-duty image and the actual
display brightness of the light-duty image;

Step S5: using the ratio between the actual display bright-
ness of the heavy-duty image and the actual display
brightness of the light-duty image as a ratio to find and
mark a measure point on the V-T curve forming the
ratio with the peak, voltage corresponding to the mea-
sure point being peak value of pixel voltage;

Step S6: computing the LCD charging ratio according to
the peak value of pixel voltage and data signal voltage;

Cratio™Vpiet/ Vaara*100%;

wherein Cg ., being LCD charging ratio, V ,,,, being the
voltage of the data signal, and V., being the peak
value of pixel voltage;

wherein the light-duty image being a white image;

the heavy-duty image comprising a single-color red

image, a single-color green image, and a single-color
blue image;

in Step S3, the lighting up the light-duty image being

achieved by lighting up the single-color red image, the
single-color green image, and the single-color blue
image sequentially;

wherein the white image, the single-color red image, the

single-color green image, and the single-color blue
image being all stored in pre-charging process.

9. The method for obtaining LCD charging ratio as
claimed in claim 8, wherein in Step S4, computing a ratio
between the actual display brightness of the heavy-duty
image and the actual display brightness of the light-duty
image uses the following equation:

Lvpgie=(LvptLv+Lvg)/ Ly

wherein Lv,,., is the atio between the actual display
brightness of the heavy-duty image and the actual
display brightness of the light-duty image, Lvy is the
actual display brightness of the single-color red image,
Lv,; is the actual display brightness of the single-color
green image, Lvy is the actual display brightness of the
single-color blue image, and Lv,, is the actual display
brightness of the white image.
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10. The method for obtaining LCD charging ratio as
claimed in claim 8, wherein the same grayscale used in Step
S3 is grayscale 255.
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