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BURNING SYSTEM HAVING
OPTIC-ELECTRIC TRANSFORMER AND
COMPARATOR CIRCUIT AND METHOD

FOR BURNING LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a burning system
for a liquid crystal display (LCD), the burning system
including an optic-electric transformer and a comparator
circuit. The present invention also relates to a method for
burning an LCD.

GENERAL BACKGROUND

[0002] LCDs are commonly used as display devices for
compact electronic apparatuses, because they not only pro-
vide good quality images but are also very thin.

[0003] Referring to FIG. 3, a typical active matrix LCD
100 includes a first glass substrate 10, a second glass
substrate 20 parallel to but spaced apart from the first
substrate 10, a liquid crystal layer 30 sandwiched between
the first and second substrates 10, 20, and a driving inte-
grated circuit (IC) 120 bonded on the first substrate 10.
[0004] Referring also to FIG. 4, the first substrate 10
includes a number n (where n is a natural number) of gate
lines 101 that are parallel to each other and that each extend
along a first direction, and a number m (where m is also a
natural number) of data lines 102 that are parallel to each
other and that each extend along a second direction orthogo-
nal to the first direction. The intersecting gate lines 101 and
data lines 102 define a plurality of pixel units. The first
substrate 10 also includes a plurality of thin film transistors
(TFTs) 106 that function as switching elements. Each TFT
106 is provided in the vicinity of a respective point of
intersection of the gate lines 101 and the data lines 102. The
first substrate 10 further includes a plurality of pixel elec-
trodes 103 formed on a surface thereof that faces toward the
second substrate 20.

[0005] The second substrate 20 includes a plurality of
common electrodes 105 opposite to the pixel electrodes 103.
In particular, the common electrodes 105 are formed on a
surface of the second substrate 20 that faces toward the first
substrate 10. The common electrodes 105 are made from a
transparent material such as ITO (indium-tin oxide) or the
like.

[0006] FIG.5isanequivalent circuit diagram of one of the
pixel units of the active matrix LCD 100. A gate electrode
“g”, a source electrode “s”, and a drain electrode “d” of the
TFT 106 are connected to a corresponding gate line 101, a
corresponding data line 102, and a corresponding pixel
electrode 103 respectively. Liquid crystal material of the
liquid crystal layer 30 sandwiched between the pixel elec-
trode 103 and a corresponding common electrode 105 on the
second substrate 20 is represented as a liquid crystal capaci-
tor C,,.. C,;1s a parasitic capacitor formed between the gate
electrode “g” and the drain electrode “d” of the TFT 106.
[0007] When the active matrix LCD 100 works, an electric
field between the pixel electrode 103 and the common
electrode 105 is generated. The electric field drives the
liquid crystal material of the liquid crystal layer 30 at the
pixel unit. Light beams from a light source such as a
backlight pass through the first substrate 10, the liquid
crystal layer 30, and the second substrate 20. The amount of
light beams penetrating the first and second substrates 10, 20
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is adjusted by controlling the strength of the electric field, in
order to obtain a desired optical output for the pixel unit.
[0008] If an electric field with a certain direction is con-
tinuously provided to the liquid crystal material between the
pixel electrode 103 and the common electrode 105, the
liquid crystal material may deteriorate. Therefore in order to
avoid this problem, pixel voltages that are provided to the
pixel electrode 103 are switched from a positive value 1o a
negative value with respect to a common voltage. This
technique is referred to as an inversion drive method.
[0009] FIG. 6 is an abbreviated timing chart illustrating
operation of the active matrix LCD 100. In the chart, the
x-axis represents time, and the y-axis (not shown) represents
voltage. V, represents a plurality of scanning signals pro-
vided by the driving IC 120. V, represents a plurality of
gradation voltages provided by the driving IC 120. V,
represents a plurality of pixel voltages of the pixel electrode
103. AV, represents an impulse width of each of the scan-
ning signals V, and equals the difference between a gate-on
signal V_, and a gate-off signal Vog Veom Tepresents a
common voltage of the common electrode 105 provided by
an external circuit (not shown). AV represents a voltage
distortion related to the pixel voltage V.

[0010] When a gate-on voltage V,,, is provided to the gate
electrode “g” of the TFT 106 via the gate line 101, the TFT
106 connected to the gate line 101 turns on. At the same
time, a gradation voltage V , generated by the driving IC 120
is provided to the pixel electrode 103 via the data line 102
and the activated TFT 106 in series. The potentials of the
common electrodes 105 are set at a uniform potential V..
Thus, an electric field is generated by the voltage difference
between the pixel electrode 103 and the common electrode
105. The electric field is used to control the amount of light
transmission of the corresponding pixel unit.

[0011] When a gate-off voltage V,,-is provided to the gate
electrode “g” of the TFT 106 via the gate line 101, the TFT
106 turns off. The gradation voltage V, provided to the
liquid crystal capacitor C,_ while the TFT 106 was turned on
should be maintained after the TFT 106 turns off. However,
due to the parasitic capacitance C,, between the gate elec-
trode “g” and the drain electrode “d” of the TFT 106, the
gradation voltage V, provided to the pixel electrode 103 is
distorted. This kind of voltage distortion AV is known as a
kick-back voltage, and the kick-back voltage is obtained by
following formula:

AV = CoaAVy  Coa- (Von = Vo) 68)
T Cu v AV, T Cpa + AV,

[0012] The voltage distortion AV always tends to reduce
the pixel voltage V,, regardless of the polarity of the data
voltage, as shown in FIG. 6.

[0013] In an ideal active matrix LCD 100, as shown by a
dashed line V; in FIG. 6, when the gate-on voltage V_,, is
provided to turn on the TFT 106, the gradation voltage V,
is provided to the pixel electrode 103; and thereby, when the
gate-off voltage V -is provided to turn off the TFT 106, the
provided gradation voltage V, should be maintained as the
pixel voltage. But in the actual active matrix LCD 100, as
shown by a solid line V,, in FIG. 6, when the scanning signal
V, falls, the pixel voltage V,, is reduced by the kickback
voltage AV.
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[0014] An actual value of the voltage applied to the liquid
crystal material is obtained from the area between the pixel
voltage V,, line and the common voltage V., line in FIG. 6.
In one time frame (“Frame”), the pixel voltage V, is greater
than the common voltage V__,,, and this area can be con-
sidered to be a “positive’ area. In an adjacent frame, the pixel
voltage V,, is less than the common voltage V., and this
area can be considered to be a ‘negative’ area. When the
active matrix LCD 100 is driven by an inversion drive
method, the level of the common voltage V,_,,, must be
adjusted to keep the positive area of the one frame equal to
the negative area of the adjacent frame. Therefore, a com-
mon voltage V__ _satisfying the above-mentioned condition
needs to be supplied to the common electrode 105 in order
to suppress optical flicker phenomena of a display screen of
the active matrix LCD 100.

[0015] Referring to FIG. 7, a typical burning system 510
for the active matrix LCD 100 is shown connected to the
active matrix LCD 100. The burning system 510 is used to
burn a parameter representing an optimum common voltage
into an erasable programmable read only memory (EPROM)
of the active matrix LCD 100 at the time the active matrix
LCD 100 is manufactured. The EPROM thus stores the
parameter for use when the active matrix LCD 100 is
operated by an end user. The burning system 510 includes a
first button 511 configured to adjust a common voltage
provided to the active matrix LCD 100 by the burning
system 510, and a second button 512 configured to launch a
burning program of the burning system 510.

[0016] Inoperation of the burning system 510, the burning
system 510 generates a plurality of common voltages, and
provides the common voltages to drive the active matrix
LCD 100. A human operator adjusts the common voltages
until the optical flicker of the active matrix LCD 100
disappears. Then the second button 512 is pressed, and the
burning program is launched to burn the parameter repre-
senting the current common voltage into the EPROM of the
active matrix LCD 100.

[0017] The parameter burned into the active matrix LCD
100 is determined by the human operator observing the
optical flicker of the active matrix LCD 100. This process
involves manual work, and relies on the human operator’s
judgment. The process is somewhat inefficient, and may
result in an inaccurate observation or an incorrect determi-
nation being made. Thus, the reliability of the burning
system 510 may not be satisfactory.

[0018] What is needed, therefore, is a burning system for
an LCD that can overcome the above-described deficiencies.
What is also needed is a burning method using the burning
system.

SUMMARY

[0019] In one preferred embodiment, a burning system for
a liquid crystal display includes an optic-electric trans-
former, a comparator circuit, and a micro-controller unit.
The comparator circuit includes a voltage comparator, and a
reference voltage generator configured for generating a
reference voltage. The optic-electric transformer is config-
ured for measuring optical flicker of a liquid crystal display,
and transforming the measurement into a corresponding
flicker signal. The voltage comparator is configured for
receiving the flicker signal, comparing a voltage of the
flicker signal to the reference voltage, and generating a result
signal based on the comparison. The micro-controller unit is
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configured for adjusting a common voltage provided to the
liquid crystal display in order to reduce or eliminate the
optical flicker of the liquid crystal display, if the result signal
indicates the optical flicker is in excess of a predetermined
threshold, and is configured for burning a parameter of the
common voltage provided to the liquid crystal display into
the liquid crystal display, if the result signal indicates the
optical flicker is within the predetermined threshold or does
not exist.

[0020] Other novel features, advantages and aspects will
become more apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The components in the drawings are not necessar-
ily drawn to scale, the emphasis instead being placed upon
clearly illustrating the principles of at least one embodiment
of the present invention. In the drawings, like reference
numerals designate corresponding parts throughout various
views, and all the views are schematic.

[0022] FIG. 1 is a block diagram of a burning system for
an LCD according to an exemplary embodiment of the
present invention.

[0023] FIG. 2 is a flow chart showing a method for
burning an LCD according to another exemplary embodi-
ment of the present invention.

[0024] FIG. 3 is an isometric view of a conventional active
matrix LCD.
[0025] FIG. 4is an essentially abbreviated circuit diagram

of the active matrix LCD of FIG. 3.

[0026] FIG. 5 is an equivalent circuit diagram of one pixel
unit of the active matrix LCD of FIG. 3.

[0027] FIG. 6 is an abbreviated timing chart illustrating
operation of the active matrix LCD of FIG. 3.

[0028] FIG. 7 is a block diagram of a conventional burning
system connected to the active matrix LCD of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] Reference will now be made to the drawings to
describe preferred and exemplary embodiments of the
present invention in detail.

[0030] Referring to FIG. 1, a burning system for an LCD
according to an exemplary embodiment of the present
invention is shown. The burning system 600 includes an
optic-electric transformer 610, a low-pass filter 620, an
inverting amplifier 630, a full-wave rectifier 640, a com-
parator circuit 650, and a micro-controller unit (MCU) 660.
The burning system 600 is shown connected to an LCD 670.
The LCD 670 includes an EPROM 671 therein.

[0031] The comparator circuit 650 includes a voltage
comparator 651, a reference voltage generator 652, a first
light emitting diode (LED) 655, a first analog-to-digital
circuit (ADC) 653, a second LED 656, and a second ADC
654. In the exemplary embodiment, the first LED 655 is a
green LED, and the second LED 656 is a red LED.

[0032] The optic-electric transformer 610 detects light
beams emitted from the LCD 670, measures an amount of
optical flicker of the light beams, generates a flicker signal
according to the measured optical flicker, and transmits the
flicker signal to the low-pass filter 620. That is, the optic-
electric transformer 610 transforms the optical flicker of the
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LCD 670 into the flicker signal, and transmits the flicker
signal to the low-pass filter 620. A voltage of the flicker
signal increases with an increasing degree of the optical
flicker. The flicker signal is processed by the lower-pass
filter 620, the inverting amplifier 630, and the full-wave
rectifier 640 in that sequence, and is transmitted to the
voltage comparator 651 of the comparator circuit 650.

[0033] The reference voltage generator 652 generates a
reference voltage, and provides the reference voltage to the
voltage comparator 651. The voltage comparator 651 com-
pares the voltage of the flicker signal to the reference
voltage, and generates a result signal. In particular, the
voltage comparator 651 generates a first result signal indi-
cating that a burning procedure can be launched, if the
voltage of the flicker signal is less than the reference voltage.
In such case, the optical flicker of the LCD 670 typically has
disappeared or is negligible. Conversely, the voltage com-
parator 651 generates a second result signal indicating that
a common voltage provided to the LCD 670 needs to be
adjusted, if the voltage of the flicker signal is greater than or
equal to the reference voltage. In such case, the optical
flicker of the LCD 670 typically still exists to a significant
degree.

[0034] The first result signal is transmitted to the first ADC
653 via the first LED 655. The first ADC 653 transforms the
first result signal to a first digital signal, and transmits the
first digital signal to the MCU 660. A burning program in the
MCU 660 is launched to burn a parameter of the common
voltage into the EPROM 671 of the LCD 670. The parameter
represents an optimum common voltage for the LCD 670.

[0035] The second result signal is transmitted to the sec-
ond ADC 654 via the second LED 656. The second ADC
654 transforms the second result signal into a second digital
signal, and transmits the second digital signal to the MCU
660. The MCU 660 automatically adjusts the common
voltage provided to the LCD 670 according to the second
digital signal. That is, the common voltage is increased or
decreased by a voltage step to reduce the optical flicker of
the LCD 670. In a preferred embodiment, the voltage step is
0.1V

[0036] Referring to FIG. 2, an exemplary burning method
for burning the LCD 670 includes the following steps. In
step (a), a flicker signal according to the optical flicker of the
LCD 670 is generated. In step (b), a voltage of the flicker
signal is compared to a reference voltage, thus generating a
result signal. In particular, if the voltage of the flicker signal
is less than the reference voltage, in step (c), a first result
signal is generated. The first result signal indicates that a
burning procedure can be launched. Thus, the procedure
goes directly to step (d) described below. On the other hand,
if the voltage of the flicker signal is greater than or equal to
the reference voltage, in step (e), a second result signal is
generated. The second result signal indicates that a common
voltage provided to the LCD 670 needs to be adjusted. Thus,
the procedure goes to step (f) described below.

[0037] In step (d), a parameter representing an optimum
common voltage is burned into the EPROM 671 of the LCD
670, whereupon the procedure is completed. In step (f), the
common voltage provided to the LCD 670 is automatically
adjusted. That is, the common voltage is increased or
decreased by a voltage step to reduce the optical flicker of
the LCD 670, whereupon the procedure returns to step (b).

Dec. 13, 2007

The cycle of steps (b), (e) and (f) is performed iteratively
until the result signal in step (b) leads to a first result signal
being generated in step (c).

[0038] In summary, the optic-electric transformer 610 of
the burning system 600 can transform the optical flicker of
the LCD 670 into the flicker signal, which helps to deter-
mine whether the optical flicker of the LCD 670 is essen-
tially eliminated or not. The burning system 600 can auto-
matically adjust the common voltage provided to the LCD
670, and can burn the optimum parameter of the common
voltage into the LCD 670 with the help of the optic-electric
transformer 610. All this is automatically performed by the
burning system 600, with no need for manual work. There-
fore, the process is efficient, and results in an accurate
determination of the optimum parameter burned into the
LCD 670. Thus, a reliability of the burning system 600 is
improved.

[0039] In alternative embodiments, the first and second
ADCs 653, 654 can instead be a single ADC. The first LED
655 can be a red or ablue LED, and the second LED 656 can
be a blue or a green LED. The first and second LEDs 655,
656 can be consolidated in a single bicolor LED.

[0040] It is believed that the present embodiments and
their advantages will be understood from the foregoing
description, and it will be apparent that various changes may
be made thereto without departing from the spirit or scope
of the invention or sacrificing all of its material advantages,
the examples hereinbefore described merely being exem-
plary embodiments of the invention.

What is claimed is:

1. A burning system for a liquid crystal display, the
burning system comprising:

an optic-electric transformer configured for measuring

optical flicker of a liquid crystal display, and transform-
ing the measurement into a corresponding flicker sig-
nal;

a comparator circuit comprising:

a reference voltage generator configured for generating
a reference voltage; and

a voltage comparator configured for receiving the
flicker signal, comparing a voltage of the flicker
signal to the reference voltage, and generating a
result signal based on the comparison; and

a micro-controller unit configured for adjusting a common

voltage provided to the liquid crystal display in order to
reduce or eliminate the optical flicker of the liquid
crystal display, if the result signal indicates the optical
flicker is in excess of a predetermined threshold, and
configured for burning a parameter of the common
voltage provided to the liquid crystal display into the
liquid crystal display, if the result signal indicates the
optical flicker is within the predetermined threshold or
does not exist.

2. The burning system as claimed in claim 1, further
comprising a low-pass filter, an inverting amplifier, and a
full-wave amplifier, wherein the flicker signal is respectively
processed by the lower-pass filter, the inverting amplifier,
and the full-wave rectifier in that sequence, and is then
transmitted to the voltage comparator of the comparator
circuit.

3. The burning system as claimed in claim 1, wherein the
comparator circuit further comprises an analog-to-digital
circuit, and the analog-to-digital circuit is configured to
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transform the result signal to a digital signal, and to transmit
the digital signal to the micro-controller unit.

4. The burning system as claimed in claim 3, wherein the
digital signal is a burn signal when the voltage of the flicker
signal is less than the reference voltage.

5. The burning system as claimed in claim 4, wherein the
comparator circuit further comprises an indicator, and the
result signal is transmitted to the analog-to-digital circuit via
the indicator when the voltage of the flicker signal is less
than the reference voltage.

6. The burning system as claimed in claim 5, wherein the
indicator is a light emitting diode.

7. The burning system as claimed in claim 3, wherein the
digital signal is an adjust signal when the voltage of the
flicker signal is greater than the reference voltage.

8. The burning system as claimed in claim 7, wherein the
comparator circuit further comprises an indicator, and the
result signal is transmitted to the analog-to-digital circuit via
the indicator when the voltage of the flicker signal is greater
than the reference voltage.

9. The burning system as claimed in claim 8, wherein the
indicator is a light emitting diode.

10. A method for burning a liquid crystal display, the
burning method comprising:

generating a flicker signal according to an amount of

optical flicker of a liquid crystal display;

comparing a voltage of the flicker signal to a reference

voltage, and generating a first result signal if the
voltage of the flicker signal is less than the reference
voltage, the first result signal indicating that a burning
procedure can be launched; and

burning a parameter representing an optimum common

voltage of the liquid crystal display into the liquid
crystal display.

11. The burning method as claimed in claim 10, wherein
comparing the voltage of the flicker signal to the reference
voltage further comprises generating a second result signal
if the voltage of the flicker signal is greater than or equal to
the reference voltage, the second result signal indicating that
a common voltage provided to the liquid crystal display
needs to be adjusted to reduce the optical flicker of the liquid
crystal display.
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12. The burning method as claimed in claim 11, further
comprising adjusting the common voltage provided to the
liquid crystal display to reduce the optical flicker of the
liquid crystal display, and again generating a flicker signal
according to an amount of optical flicker of the liquid crystal
display.

13. A burning system for a liquid crystal display, the
burning system comprising:

an optic-electric transformer configured for measuring
optical flicker of a liquid crystal display, and transform-
ing the measurement into a corresponding flicker sig-
nal;

a comparator circuit configured for receiving the flicker
signal, comparing a voltage of the flicker signal to a
reference voltage, determining whether optical flicker
of the liquid crystal display is acceptable or nonexistent
based on the comparison, and determining a parameter
representing an optimum common voltage of the liquid
crystal display when the optical flicker of the liquid
crystal display is acceptable or nonexistent; and

a micro-controller unit configured for burning the param-
eter into the liquid crystal display.

14. The burning system as claimed in claim 13, wherein
the comparator circuit comprises a reference voltage gen-
erator configured for generating the reference voltage.

15. The burning system as claimed in claim 14, wherein
the comparator circuit further comprises a voltage compara-
tor, the voltage comparator is configured for receiving the
flicker signal, comparing the voltage of the flicker signal to
the reference voltage, and generating a result signal based on
the comparison.

16. The burning system as claimed in claim 15, wherein
the micro-controller unit is further configured for adjusting
a common voltage provided to the liquid crystal display in
order to reduce or eliminate optical flicker of the liquid
crystal display, when the comparator circuit determines that
the optical flicker of the liquid crystal display is not accept-
able based on the result signal.
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