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7) ABSTRACT

A method and cireuit for improving a quality of display on
an LCD screen are disclosed. The method is to synchronize
a vertical synchronization signal of a video signal supplied
to an LCD system with an oscillation signal produced by a
burst mode DC-to-AC inverter driving the lamps of the
system in order to suppress interference noise appearing on
an LCD screen. The circuit suggested includes mainly two
semiconductor switches, impedance elements, and a diode to

(22) Filed: Jun. 17, 2003 realize the synchronization function.
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METHOD AND CIRCUIT FOR IMPROVING A
QUALITY OF DISPLAY ON AN LCD SCREEN

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a method and
circuit for improving a quality of display on an LCD screen.
More particularly, the present invention relates to a method
of and circuit for synchronizing a vertical synchronization
signal of the video signal supplied to an LCD system with
an oscillation signal produced by a burst mode inverter in
order to suppress interference noise appearing on an LCD
screerl.

[0003]

[0004] Producing an image using a liquid crystal display
(LCD) is well known. LCD’s are widely used for various
applications including monitors, computers, televisions, and
so on. The liquid crystal panel usually comprises a large
number of individual liquid crystal pixel elements. Those
pixel elements are beneficially organized in a matrix com-
prising pixel rows and pixel columns. Typically, the video
signal is applied to the pixel elements by rows. A periodic
vertical synchronization signal of the video signal is pro-
vided to scan all rows repeatedly. In one period of the
vertical synchronization signal, all rows are successively
scanned once. The number of times a pixel element of a
column is scanned in a second is the frequency of the
vertical synchronization signal.

[0005] An LCD system uses a backlight to illuminate the
liquid crystal panel so as to produce an image. A backlight
includes lamps, such as cold cathode fluorescent lamps
(CCFL), for producing light. These lamps are typically
powered by a DC-to-AC inverter. The inverter in turn is
powered by another power source such as an LCD power
supply. It converts a DC voltage to a high AC voltage
required to drive the fluorescent lamp. One type of the
DC-to-AC inverter is called burst mode inverter. The burst
mode inverter generates oscillation waves to produce a
square pulsating signal for dimming of the lamps. During the
square pulses, the lamps are lighted through current. For
example, FIG. 1 illustrates a voltage oscillation signal
V.owtootnr Which 1s a sawtooth waveform, generated by a
burst mode inverter, a burst pulsating signal resulting from
the sawtooth wave, and the current signal I,,,,, flowing
through the lamp. The burst signal is produced according to
the oscillation signal V... compared with respect to a
reference DC voltage Vr. When the voltage of the oscillation
signal is above the reference voltage Vr, the burst signal is
high. Otherwise the burst signal is low. Afterwards, the
current liamp through the lamp is forced during the pulses of
the burst signal. Besides, all lamps are driven in the same
period and in synchronization with each other to reduce
interference noise into the circuit of LCD from lamp or
cables affecting display quality.

[0006] However, conventional LCD systems, especially
multi-lamp LCD systems, still have interference noise prob-
lem. When the burst signal frequency of the burst mode
inverter is equal or near the frequency of the vertical
synchronization signal or its harmonics, a large interference
noise will be generated periodically. This periodic noise will
appear and disappear on the display screen and generates a

1. Field of the Invention

2. Description of the Related Art
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so-called “ripple phenomenon”. For instance, if the fre-
quency of the vertical synchronization signal is 60 Hz, when
the burst signal frequency of Inverter is 120, 180, 240 Hz or
higher (harmonics of 60 Hz), significant noise will result.
The burst signal frequency is often preferably set to be about
150 Hz or higher to avoid being close to the harmonics or
flicker perceived by human eyes. However, the tolerance of
the burst mode frequency could be big due to tolerances of
temperature-dependent components, including especially
capacitors, the controller or operational amplifier of the
inverter. Therefore, the burst mode frequency is not very
stable and the noise problem “ripple phenomenon” is still a
concern. For the forgoing reasons, there is a need for solving
the ripple phenomenon problem due to interference noise.

SUMMARY OF THE INVENTION

[0007] Accordingly, solving the ripple phenomenon prob-
lem due to interference noise is needed for systems, such as
LCD displays, that include DC-to-AC inverters. Therefore,
an object of the present invention is to provide a method of
synchronizing a vertical synchronization signal of the video
signal supplied to an LCD system with an oscillation signal
produced by a burst mode DC-to-AC inverter driving the
lamps of the system so as to reduce the noise. The result of
the synchronization is such that the oscillation signal
switches to a low value when the vertical synchronization
signal switches state and the oscillation signal rises again
and starts oscillation when later the vertical synchronization
signal switches back to another state. Another object of the
present invention is to provide a circuit for implementing the
method.

[0008] A circuit according to the principles of the present
invention includes the following components as an example.
A first impedance element is connected to a supply voltage.
A first semiconductor switch is connected to the first imped-
ance element at a node and to a reference ground, having a
first control terminal. A second impedance element is con-
nected to the first control terminal and receives the vertical
synchronization signal of a VGA controller. A second semi-
conductor switch is connected to a diode or none (short
circuit) and to a reference ground, and has a second control
terminal that is connected to the node, and the diode or none
is connected to the oscillation signal of the Inverter. The
supply voltage is at a voltage that can turn on the second
semiconductor switch when applied to the second control
terminal.

[0009] In conclusion, the invention enables the reduction
of interference noise, including so-called ripple phenom-
enon, appearing on an LCD screen by providing the method
as the solution and circuit for implementing it. Additional
features and advantages will be set forth in the description
that follows, and partly will be apparent from the descrip-
tion, or may be learned by practice of the invention.

[0010] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary, and are intended to provide further explana-
tion of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is the waveforms of the oscillation signal
V. awtooths the burst pulsating signal, and the current signal
liamp;
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[0012] FIG. 2(a) is the waveform of the oscillation signal

sawtooths

[0013] FIG. 2(b) is the wavetorm of the vertical synchro-
nization signal Sync;

[0014] FIG. 2(c) is the waveform of the synchronized
oscillation signal V.

sawtooth?

[0015] FIG. 2(d) is the waveform of the burst pulsating
signal;

[0016] FIG. 3 is a circuit diagram for implementing the
method of the invention; and

[0017] FIG. 4 is another circuit diagram for implementing
the method of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] The method of the present invention is described
and explained herein in more detail. A liquid crystal display
(LCD) system includes a VGA type liquid crystal display
panel containing the LCD pixel array, lamps for producing
light that is directed onto the liquid crystal display panel, and
a burst mode DC-to-AC inverter for driving the lamps.
When the lamps are behind the LCD pixel array, the
DC-to-AC inverter is often called a backlight inverter. For a
VGA type liquid crystal display panel, there are 480 rows in
the pixel array; that is 480 pixel elements in a column. A
video signal is supplied to the LCD system. For instance, an
oscillation signal Vsawtooth produced by the inverter for
driving the lamps is the sawtooth waveform signal shown in
FIG. 2(a) and its frequency is 210 Hz. Hence the period of
Vsawtooth is about 4.76 ms (Y210 second, m=0.001, s stands
for second). Since all lamps should be driven in the same
period and in synchronization with each other, all oscillation
signals for driving the lamps are the same and are synchro-
nized with each other. The periodic vertical synchronization
signal Sync of the video signal is shown in FIG. 2(b) and its
frequency is 60 Hz. In other words, every pixel element of
a pixel column is scanned 60 times in a second. The period
of the signal Sync is thus about 16.67 ms (Yo second).

[0019] The method is to synchronize the oscillation signal
V. wioom With the vertical synchronization signal Sync.
Referring to the synchronized Voo 0f FIG. 2(c), when
the vertical synchronization signal Sync switches state (to a
low value) indicated by 200, the original oscillation signal

oo I FIG. 2(a) is forced to swiich to a low value,
indicated by 202. When later on the vertical synchronization
signal Sync switches state again (back to a high value)
indicated by 204, the oscillation signal V__, ;. in FIG. 2(c)
rises again and starts its oscillation, indicated by 206. The
burst signal is produced according to the synchronized
oscillation signal V.., ., compared with respect to a ref-
erence DC voltage Vr and is shown in FIG. 2(d). When the
voltage of the synchronized oscillation signal is above the
reference voltage Vr, the burst signal is high. Otherwise the
burst signal is low. Afterwards, the current through the lamps
is forced during the pulses of the burst signal.

[0020] Alternatively, if the waveform of the vertical syn-
chronization signal Sync is the type that is reverse to that
shown in FIG. 2(b); that is, durations of the high value state
become durations of the low value state and durations of the
low value state become durations of the high value state, the
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original oscillation signal V_,oom 10 FIG. 2(a) will be
pulled down to a low value when the vertical synchroniza-
tion signal Sync switches state 10 a high value and later on
the oscillation signal V. . will rise again when the
vertical synchronization signal Sync switches state to a low
value.

[0021] Note if there were no synchronization between the
two signals V... and Sync, the frequency of the burst
signal would be the same as that of the original oscillation
signal V..., and is equal to 210 Hz. Therefore its period
would be about 476 ms (Y210 second). Instead after the
synchronization step, the width of the third pulse of the burst
signal is narrower than other pulses as shown in FIG. 2(d),
and the time T,, between the second and the fourth pulses
is less than 2 times the original period (4.76 ms times 2 is
9.52 ms). The total average current through the lamp during
every period of the 60 Hz vertical synchronization signal
Sync is the same.

[0022] Note also that when every time the vertical syn-
chronization signal Sync switches state, the low value to
which the original oscillation signal V., .., 1S pulled down
may not be close to 0 volt. A low value close to 0 volt will
affect the maximum duty cycle of the burst signal achievable
if the minimum voltage of normal oscillation signal is higher
than OV. Thus the low value is suitably set to be lower than
the minimum value of the original oscillation signal V-
tooth & little bit. The maximum duty cycle should be more
than 95% to keep enough image display brightness for the
same root-mean-squared value of lamp current according to
specifications of the LCD system.

[0023] A circuit suggested by the present invention for
implementing the above-mentioned method is described
here. The circuit is shown in FIG. 3. In this circuit, two
NMOS (N type metal oxide semiconductor) field effect
transistors 300 and 302 are used as switches. The first
transistor 300 is connected to a resistor 304 of 10 kilo-ohm
at a node A and connected to a reference ground. The 10
kilo-ohm resistor 304 is then connected to a DC voltage of
5 volt. The DC voltage may be from a power supply and
must be able to turn on the second transistor 302 when
applied to its control terminal. The control terminal of the
first transistor 300 receives the vertical synchronization
signal Sync shown in FIG. 2(b) through a resistor 308 of 1
kilo-ohm. The second transistor 302 is connected to a diode
310 and connected to the reference ground. The diode 310
is then connected to the original oscillation signal V, ..oom
312, which is associated with the backlight inverter. The
control terminal of the second transistor 302 is connected to
the node A.

[0024] The operation principle of the circuit is as follows.
When the vertical synchronization signal Sync switches
state to a low value, the first transistor 300 1s turned off, so
the voltage at node A is about 5 volts, thereby the second
transistor 302 is turned on. Therefore, the original oscillation
signal V.. 312 is pulled down to a low value clamped
as the forward voltage across the diode 310. The diode 310
is used to prevent the original oscillation signal V.. om
from being pulled down to a zero value. On the other hand,
when later on the vertical synchronization signal Sync
switches state again (back to a high value), the first transistor
300 is turned on, causing the voltage at node A to be at
ground, thereby the second transistor 302 is turned off. As a
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result of this, the oscillation signal V..., rises and starts
its oscillation again. In conclusion, this circuit achieves the
purpose of synchronization between the two signals.

[0025] Note that if the waveform of the vertical synchro-
nization signal Sync is reversed as the previously mentioned
possibility, then the circuit in FIG. 3 can be modified to
include a PMOS (p type MOS) field effect transistor in lieu
of the first transistor 300. This is shown in FIG. 4. The
operation principle of the circuit is described as follows.
When the vertical synchronization signal Sync switches
state to a high value, the first transistor 400 is turned off, so
the voltage at node A is about 5 volts, thereby the second
transistor 402 is turned on. Therefore, the original oscillation
signal V.. 412 1s pulled down to a low value equal to
the small forward bias voltage drop across the diode 410.
When later on the vertical synchronization signal Sync
switches state again (back to a low value), the first transistor
400 is turned on, causing the voltage at node A to be at
ground, thereby the second transistor 402 is turned off. As a
result of this, the oscillation signal V___, ., rises and starts
its oscillation again.

[0026] Another possible implementation of the invention
is an LCD system with improved quality of display on the
LCD screen. The LCD system is supplied with a video signal
and a vertical synchronization signal. It contains essential
components including a liquid crystal display panel with
pixel elements arranged in a matrix, lamps for producing
light that’s directed to the liquid crystal display panel, a
DC-to-AC inverter producing an oscillation signal for driv-
ing the lamps, and the same circuit as described above for
synchronizing the vertical synchronization signal with the
oscillation signal.

[0027] While there has been described in considerable
detail the method and circuit of the present invention, it will
be understood that various modifications may be made with
regard to, for example, signal waveforms and numerical
values, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A circuit to be used in a liquid crystal display (LCD)
system for synchronizing a vertical synchronization signal
of the video signal supplied to the LCD system with an
oscillation signal produced by a burst mode DC-to-AC
inverter driving a lamp of the LCD system, the circuit
comprising:

a first impedance element connected to a high voltage
line;

a first semiconductor switch connected to said first imped-
ance element at a node, and connected to a reference
ground, said first semiconductor switch including a first
control terminal;

a second impedance element connected to said first con-
trol terminal and receiving said vertical synchroniza-
tion signal;

a second semiconductor switch connected to a reference
ground, said second semiconductor switch including a
second control terminal, said second control terminal
connected to said node; and
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a diode receiving said oscillation signal and connected to

said second semiconductor switch.

2. The circuit of claim 1, wherein said high voltage line
receives a DC voltage from a power supply that can turn on
said second semiconductor switch when applied to said
second control terminal.

3. The circuit of claim 1, wherein said first semiconductor
switch is a field effect transistor.

4. The circuit of claim 1, wherein said second semicon-
ductor switch is a field effect transistor.

5. The circuit of claim 1, wherein the impedance of said
first impedance element is 10 kilo-ohm.

6. The circuit of claim 1, wherein the impedance of said
second impedance element is 1 kilo-ohm.

7. A method of reducing noises so as to improve a quality
of display in a liquid crystal display (LCD) system including
a liquid crystal display panel, at least one lamp for producing
light that is directed onto said liquid crystal display panel
and a DC-to-AC inverter, the LCD system supplied with a
video signal and a vertical synchronization signal thereof,
said vertical synchronization signal having a first state and
a second state, the method comprising:

synchronizing said vertical synchronization signal with an
oscillation signal produced by said DC-to-AC inverter
driving said at least one lamp, such that said oscillation
signal switches to a low value when said vertical
synchronization signal switches from the first state to
the second state and said oscillation signal rises again
and starts oscillation when later said vertical synchro-
nization signal switches back to the first state.

8. The method of claim 7, wherein a phenomenon of said
noises is called ripple phenomenon on the LCD screen.

9. The method of claim 7, wherein said first state of said
vertical synchronization signal is a high state and said
second state is a low state.

10. The method of claim 7, wherein said first state of said
vertical synchronization signal is a low state and said second
state is a high state.

11. A liquid crystal display supplied with a video signal
and a vertical synchronization signal thereof, said vertical
synchronization signal having a first state and a second state,
the liquid crystal display comprising:

a liquid crystal display panel having a plurality of pixel
elements arranged in a martrix;

at least one lamp for producing light that’s directed to said
liquid crystal display panel;

a DC-to-AC inverter producing an oscillation signal for
driving said at least one lamp; and

a circuit for synchronizing said vertical synchronization
signal with said oscillation signal such that said oscil-
lation signal switches to a low value when said vertical
synchronization signal switches from the first state to
the second state and said oscillation signal rises again
and starts oscillation when later on said vertical syn-
chronization signal switches back to the first state,
comprising:

a first impedance element connected to a high voltage
line;

a first semiconductor switch connected to said first imped-
ance element at a node, and connected to a reference
ground, said first semiconductor switch including a first
control terminal;
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a second impedance element connected to said first con-
trol terminal and receiving said vertical synchroniza-
tion signal;

a second semiconductor switch connected to a reference
ground, said second semiconductor switch including a
second control terminal, said second control terminal
connected to said node; and

a diode receiving said oscillation signal and connected to

said second semiconductor switch.

12. The liquid crystal display of claim 11, wherein said
first state of said vertical synchronization signal is a high
state and said second state is a low state.

13. The liquid crystal display of claim 11, wherein said
first state of said vertical synchronization signal is a low
state and said second state is a high state.
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14. The liquid crystal display of claim 11, wherein said
high voltage line receives a DC voltage from a power supply
that can turn on said second semiconductor switch when
applied to said second control terminal.

15. The liquid crystal display of claim 11, wherein said
first semiconductor switch is a field effect transistor.

16. The liquid crystal display of claim 11, wherein said
second semiconductor switch is a field effect transistor.

17. The liquid crystal display of claim 11, wherein the
impedance of said first impedance element is 10 kilo-ohm.
18. The liquid crystal display of claim 11, wherein the
impedance of said second impedance element is 1 kilo-ohm.
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