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7) ABSTRACT

The LCD device includes a pixel circuit and a driving
circuit. The pixel circuit comprises thin film transistors
serving for driving pixels of the LCD The driving circuit is
coupled to the pixel circuit, generating a driving signal for
driving the transistors. The gate terminal driving signal of
the pixel transistors has a high state and a low state, and the
threshold voltage of the transistor is set at a level at zero vollt,
or depending on whether the transistor is n-type or p-type,
between zero volt and the low or high states of the gate
terminal driving signal, respectively.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 92120482, filed on Jul. 28, 2003.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a Liquid Crystal
Display (LCD), more particularly to a low temperature
poly-silicon (LTPS) LCD.

[0004] 2. Description of the Related Art

[0005] Computer, communication and consumer products
have become the main trend of high technology. Portable
electronic devices are also the essential products of devel-
opment. Of course, displays are also included. Today, the
displays include: Plasma Display Panel (PDP), Liquid Crys-
tal Display (LCD), Electro-luminescent Display, Light
Emitting Diode Display, Vacuum Fluorescent Display, Field
Emission Display (FED) and Electro-chromic Display.
Compared with these displays, the low temperature poly-
silicon LCD, however, has advantages of high resolution,
low power consumption, easy manufacturing process, low
costs, low operational temperature, etc. It has potential
application and can become the main trend for the next
generation displays.

[0006] Referring to FIG. 1, it is a timing chart of the low
temperature polysilicon LCD in the prior art. When the gate
terminal driving signals V is in low state, the data signal
V_ camnot be applied thereto. When the gate terminal
driving signals V, is in high state at T1, the data signal V.
can be applied thereto. The pixel voltage V ;. arises. When
the gate terminal driving signals V, is down to low state at
T2, the data signal V,,, also be turned off and the pixel
voltage V.., charges the capacitor and keeps thereat for
turning on the pixel. When the power is disconnected at T3,
the gate terminal driving signals V, and the data signal V,,
suddenly drop to OV. Because the NMOS thin film transis-
tors have been turned off, the charges stored in the capacitor
can not be discharged immediately. Therefore, remaining
images will exist on the LCD for tens of seconds to several
minutes.

[0007] Referring to FIG. 2, an [-V curve of the NMOS
thin film transistor of the low temperature poly-silicon LCD
panel in prior art is shown. The gate terminal driving signals
V, has a high state V,, and a low state V. Because the
threshold voltage of the NMOS thin film transistors and the
voltage of the driving circuit are both higher than 0V, the
remaining images exist. Therefore, when the gate terminal
driving signals V, is down to 0V, the NMOS thin film
transistors are turned off and the pixel voltage V ;, cannot
be discharged immediately.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0008] The present invention is directed to a Liquid Crys-
tal Display (LCD) device in which substantially no remain-
ing image, or in some cases, almost no remaining image will
exist therein when the power is disconnected.
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[0009] The LCD device includes a pixel circuit and a
driving circuit. The pixel circuit comprises thin film tran-
sistors serving for driving pixels of the LCD. The driving
circuit is coupled to the pixel circuit, generating a driving
signal for driving the transistors. The gate terminal driving
signal of the pixel transistors has a high state and a low state,
and the threshold voltage of the transistor is set at a level
depending on whether the transistor is n-type or p-type.
Preferably, the threshold voltage is equal to or less than 0
volt for the n-type and the threshold voltage is equal to or
greater than 0 volt for the p-type.

[0010] In one embodiment of the present invention, the
pixel transistors comprises NMOS thin film transistors, and
the threshold voltage of the NMOS thin film transistors is set
at a level lower than or equal to zero volt, and higher than
the low state of the gate terminal driving signal. Because the
transistors have a threshold voltage no more than 0V,
substantially no remaining image will exist in the LCD when
the power is disconnected.

[0011] In another embodiment of the present invention,
the pixel circuit comprises a plurality of PMOS thin film
transistors serving for driving pixels of the LCD and the
PMOS thin film transistors have a threshold voltage no less
than 0V, and lower than the high state of the gate terminal
driving signal.

[0012] In another embodiment of the invention, the inven-
tion provides a method of driving a pixel in a liquid crystal
display (LCD) device, comprising: operatively coupling a
thin film transistor of n-type or p-type to the pixel; and
generating a gate terminal driving signal having a low and
high state to drive the thin film transistor. Wherein the
transistor has a threshold voltage that is set at a level at zero
volt, or depending on the whether the transistor is n-type or
p-type, between zero volt and the low or high state of the
gate terminal driving signal, respectively.

[0013] Various embodiments accompanied with figures
are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a timing chart of a conventional low
temperature poly-silicon panel.

[0015] FIG. 2 is an I-V curve of the NMOS thin film
transistor of the conventional low temperature poly-silicon
panel.

[0016] FIG. 3 is a schematic drawing showing a first
exemplary low temperature poly-silicon panel of the present
invention.

[0017] FIG. 4 is a timing chart showing the first exem-
plary low temperature poly-silicon panel of the present
invention.

[0018] FIG. 5 is an I-V curve of the NMOS thin film
transistor of the first exemplary low temperature poly-silicon
panel of the present invention.

[0019] FIG. 6 is a schematic drawing showing a second
exemplary low temperature poly-silicon panel of the present
invention.

[0020] FIG. 7 is a schematic drawing of an electronic
device in accordance with one embodiment of the present
invention.
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DESCRIPTION OF SOME EMBODIMENTS

[0021] First referring to FIG. 7, FIG. 7 is a schematic
diagram of an electronic device 700 in accordance with one
embodiment of the present invention. The electronic device
700 can include a controller 702 and an LCD 704 of the
invention. The LCD 702 includes a pixel circuit 10 and a
driving circuit 20. The electronic device 700 can be for
example, a portable computer, a mobile telephone, a por-
table electronic game. The electronic device includes a LCD
panel in accordance with the present invention as disclosed
below. The descriptions in detail are as follows.

[0022] Referring to FIG. 3, a schematic drawing showing
a LCD 704 shown in FIG. 7. The LCD panel 704 can be a
low temperature polysilicon LCD panel, but is not limited
thereto. The pixel circuit 10 is one of pixel circuits in the low
temperature poly-silicon LCD. The driving circuit 20 is
coupled to the pixel circuit 10, wherein the pixel circuit 10
comprises a NMOS thin film transistor 11, a pixel 12 and a
capacitor 13. The driving circuit 20 couples the gate terminal
driving signals V, to the gate terminal of the NMOS thin
film transistor 11 and data signal V. is coupled to the drain
terminal of the NMOS thin film transistor 11. The pixel 12
and the capacitor 13 are coupled to the source terminal of the
NMOS thin film transistor 11 and the pixel voltage V.
serves to control color change and brightness of the pixel 12.
[0023] The driving circuit 20 sends the gate terminal
driving signals V, for driving the NMOS thin film transistor
11. The gate terminal driving signals V, has a high state and
a low state. The high state is higher than zero volt and the
low state is lower than zero volt. For example, the high state
can be 10V and the low state can be -5V. The threshold
voltage of the NMOS thin film transistor 11 is lower than, or
equal to, OV, but higher than the low state (ie., -5V).

[0024] When the gate terminal driving signals V, is -5V
which is lower than the threshold voltage of the NMOS thin
film transistor 11, the V., cannot be applied thereto. When
the gate terminal driving signals V,, is 10V which is higher
than the threshold voltage of the NMOS thin film transistor
11, the V. can be applied thereto and the capacitor 13 is
being charged. When the power is disconnected, the gate
terminal driving signals V_ suddenly drops to OV. Because
the gate terminal driving signals V,, is still higher than the
threshold voltage, the capacitor 13 can be discharged rapidly
and substantially no remaining image exists, and in some
cases, NO remaining image exists.

[0025] Referring to FIG. 4, a timing chart showing the
first exemplary low temperature poly-silicon LCD of the
present invention is shown. When the gate terminal driving
signals V,, is in low state, the V., cannot be applied thereto.
Therefore, the pixel voltage V ;. keeps at the low state.
When the gate terminal driving signals V, is in high state at
T1, the Vg, can be applied thereto and the pixel voltage
V _, charges the capacitor. The charge step is complete at T,
and the gate terminal driving signals V is down to low state.
Therefore, the pixel Voltage Vioixel keeps at the required state.
At T3, When the power is dlsconnected, the pixel voltage
V __ can be discharged and no remaining image exists.

pixel

[0026] Referring to FIG. 5, an [-V curve of the NMOS
thin film transistor of a first exemplary low temperature
poly-silicon LCD of the present invention is shown. In the

embodiment, the threshold voltage of the NMOS thin film

Feb. 3, 2005

transistor is no more than OV. When the gate terminal driving
signals V is down to OV, the NMOS thin film transistor will
not be turned off and the pixel voltage V ;. can be dis-
charged.

[0027] Referring to FIG. 6, a schematic drawing showing
a second exemplary low temperature poly-silicon LCD of
the present invention is shown. The pixel circuit 30 is one of
pixel circuits in the low temperature poly-silicon LCD. The
driving circuit 40 is coupled to the pixel circuit 30, wherein
the pixel circuit 30 comprises a PMOS thin film transistor
31, a pixel 32 and a capacitor 33. The driving circuit 40
couples the gate terminal driving signals V, to the gate
terminal of the PMOS thin film transistor 31 and data signal
V 4.ta 18 coupled to the drain terminal of the PMOS thin film
transistor 31. The pixel 32 and the capacitor 33 are coupled
to the source terminal of the PMOS thin film transistor 31
and the pixel voltage V., serves to control color change
and brightness of the pixel 32.

[0028] The driving circuit 40 sends the gate terminal
driving signals V,, for driving the PMOS thin film transistor
31. The gate terminal driving signals V, has a high state V.,
and a low state V. The threshold voltage of the PMOS thin
film transistor 31 is higher than, or equal to, OV, but smaller
than V.

[0029] Because the operation of the PMOS thin film
transistor is opposite to that of the NMOS thin film transis-
tor, the operation of the gate terminal driving signals V is
opposite to that of gate terminal driving signals V_ in the first
embodiment. The descriptions similar thereto are not
repeated herein, and it should be understood by the ordinary
skilled artisans.

[0030] Although the present invention has been described
in terms of exemplary embodiments, it is not limited thereto.
Rather, the appended claims should be constructed broadly
to include other variants and embodiments of the invention
which may be made by those skilled in the field of this art
without departing from the scope and range of equivalents of
the invention.

What is claimed is:

1. A circuit for driving a pixel in a liquid crystal display
(LCD) device, comprising:

a pixel circuit, having a thin film transistor of n-type or
p-type, operatively coupled to the pixel; and

a driving circuit, operatively coupled to the pixel circuit,
generating a gate terminal driving signal having a low
and high state for driving the thin film transistor,

wherein the transistor has a threshold voltage that is set at
a level at zero volt, or depending on the whether the
transistor is n-type or p-type, between zero volt and the
low or high state of the gate terminal driving signal,
respectively.

2. The circuit of claim 1, wherein the transistor is n-type,
and its threshold voltage is set at a level between the low
state of the gate terminal driving signal and no more than
ZETo volt.

3. The circuit of claim 2, wherein the transistor is an
NMOS transistor.
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4. The circuit of claim 1, wherein the transistor is p-type,
and its threshold voltage is set at a level between the high
state of the gate terminal driving signal and no less than zero
volt.

5. The circuit of claim 4, wherein the transistor is a PMOS
transistor.

6. The circuit of claim 5, wherein the pixel is of low
temperature poly-silicon type.

7. A liquid crystal display device, comprising:

at least one liquid crystal display pixel;

a circuit as in claim 1.

8. The liquid crystal display device as in claim 7, wherein
the liquid crystal display pixel is of low temperature poly-

silicon type.
9. An electronic device, comprising:

a liquid crystal display device as in claim 7,

a controller providing image data to the liquid crystal
display device.
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10. The electronic device as in claim 9, wherein the liquid
crystal display device is of low temperature poly-silicon
type.

11. A method of driving a pixel in a liquid crystal display
(LCD) device, comprising:

operatively coupling a thin film transistor of n-type or
p-type to the pixel; and

generating a gate terminal driving signal having a low and
high state to drive the thin film transistor, wherein the
transistor has a threshold voltage that is set at a level at
zero volt, or depending on the whether the transistor is
n-type or p-type, between zero volt and the low or high
state of the gate terminal driving signal, respectively.

12. The method as in claim 10, wherein the pixel is of
low-temperature poly-silicon type.
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