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7) ABSTRACT

The invention provides an active matrix type TFT LCD in
which a driving voltage of pixel TFTs is reduced. A pixel is
formed with two thin film transistors, i.¢., a positive-voltage-
applying n-channel TFT for applying a data voltage having
a positive polarity to a pixel electrode and a negative-
voltage-applying p-channel TFT for applying a data voltage
having a negative polarity to the pixel electrode. A source
electrode of the positive-voltage-applying TFT is connected
to the pixel electrode; a drain electrode of the same is
connected to a data bus line for applying the positive
voltage; and a gate electrode of the same is connected to a
gate bus line for applying the positive voltage. A source
electrode of the other TFT is also connected to the pixel
electrode; a drain electrode of the same is connected to a
data bus line for applying the negative voltage; and a gate
electrode of the same is connected to a gate bus line for
applying the negative voltage.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display (LCD) and, more particularly, to an active matrix
type TFT LCD having a TFT (thin film transistor) as a
switching element at each pixel.

[0003]

[0004] The market of LCDs is rapidly growing because
LCDs have become able to provide display quality that
sufficiently allows them to replace CRTs which have been
typical displays in the related art. They are used as displays
of various viewers, cellular phones, PDAs (personal digital
assistants), and notebook type personal computers as well as
for monitors of desktop computers and television receivers
for home use, thanking to their advantage of being flat
panels. Thus, LCDs are used as displays that provide from
small screens having diagonal dimensions of about 2 inches
to large screens having diagonal dimensions in the excess of
40 inches. More and more LCDs are used in various fields
as full-color displays capable of displaying still image and
dynamic images.

[0005] Referring to the trend in LCD techniques, the main
stream has shifted from the passive matrix type that has no
switching element in a pixel to the active matrix type that
has switching elements such as TFTs. Further, referring to
the material of channel regions (active semiconductor lay-
ers) of TFTs formed in pixels of active matrix type LCDs,
a-Si (amorphous silicon) is being replaced by p-Si (poly-
silicon) having higher carrier mobility.

[0006] Structure of TFT LCDs will now be briefly
described. For example, in the case of a transmission type
TFT LCD that employs a back-light unit, a TFT substrate
(array substrate) that is a transparent insulated substrate such
as a glass substrate and an opposite substrate are combined
in a face-to-face relationship with a predetermined cell gap
therebetween, and a liquid crystal is scaled between the
substrates. A plurality of pixel electrodes are provided in the
form of a matrix on the TFT substrate, and the TFT is
connected to each of the pixel electrodes. A common elec-
trode is formed on the opposite substrate. In the case of a
color display LCD, a color filter (CF) is formed on either the
TFT substrate or the opposite substrate. Alignment films are
formed at interfaces between the substrates and the liquid
crystal layer. Polarizers having a crossed Nicols configura-
tion, for example, are applied to the outside of both sub-
strates.

[0007] FIG. 7 is an equivalent circuit for one pixel of a
TFT LCD in the related art. As shown in FIG. 7, a gate
electrode G of a TFT is connected to a gate bus line Lg. A
source electrode S of the TFT is connected to a pixel
clectrode Pe, and a drain electrode D is connected to a data
bus line Ld. A liquid crystal layer lc is sandwiched by the
pixel electrode Pe and a common electrode Ce to form a
liquid crystal capacitance Clc. A storage capacitor Cs is
connected in parallel with the liquid crystal capacitance in
practice, although not shown.

[0008] A gate voltage Vg is applied to the gate bus line Lg
from a gate bus line driving circuit that is not shown. A

1. Field of the Invention

2. Description of the Related Art
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grayscale voltage Vd is applied to the data bus line Ld from
a data bus line driving circuit that is not shown. A common
voltage Veom (=0 V) is applied to the common electrode Ce.

[0009] The liquid crystal lc is positively or negatively
anisotropic 1in its dielectric constant, which results in a
property that the liquid crystal molecules rotate in accor-
dance with the strength of an electric field applied thereto.
The liquid crystal lc is also anisotropic in its refractive
index, which results in a property that the polarization of
light passing through the liquid crystal lc changes in accor-
dance with the rotation of the liquid crystal molecules.
Therefore, when a voltage is applied between the pixel
electrode Pe and the common electrode Ce, the liquid crystal
molecules rotate in accordance with the value of the applied
voltage, which results in a change in the polarization of the
light that has been linearly polarized by the entrance side
polarizer in the liquid crystal Ic. The quantity of the light that
passes through the polarizer at the light emitting side is
thereby adjusted to display a tone.

[0010] While a voltage of about 5 V can be applied to
common liquid crystal materials, when an electric field is
continuously applied to the liquid crystal Ic only in one
direction, the liquid crystal material will be degraded. In
order to prevent this, the electric field for driving the liquid
crystal is applied to the liquid crystal lc with the polarity
thereof inverted in a predetermined cycle. In general, a
frame inversion driving is used in which the polarity is
inverted in the cycle of display frames.

[0011] A separate pixel electrode Pe is provided for each
pixel, and a single electrode is provided as the common
electrode Ce such that it will be shared by all pixels. A
driving method as shown in FIG. 8 is used to achieve the
frame inversion driving with utilizing such common elec-
trode Ce. FIG. 8 shows time in the horizontal direction and
voltages in the vertical direction to indicate a relationship
between the gate voltage Vg, the grayscale voltage Vd, and
the common voltage Vcom.

[0012] As shown in FIG. 8, the common voltage (the
potential at the common electrode) Vecom (=0 V) is constant.
The grayscale voltage Vd that ranges up to £2.5 V of the
common voltage Vcom is applied to the data bus line Ld.
FIG. 8 shows a state in which the grayscale voltage Vd
(data) having an absolute value V0=2.5 V is output on the
data bus line Ld in each frame fn, the polarity of the voltage
being inverted in each frame fn.

[0013] When an n-channel type TFT connected to the gate
bus line Lg is to be kept off state, a potential Vg (off) is
output which has an absolute value that is smaller than the
maximum negative polarity grayscale voltage Vd=-VO0 (V)
by V1 (absolute value). When the TFT is to be kept on state,
a potential Vg (on) is output which has an absolute value that
is greater than the maximum positive polarity grayscale
voltage Vd=+VO0 (V) by V2 (absolute value). That is, a gate
pulse having a potential Vg=Vg(on) is output to the gate bus
line Lg during a period in which the TFT is made to be on
state. The height of the gate pulse is V1+2xV0+V2. The
voltage V1 must be increased when the off-current is poorly
disconnected, and the voltage V2 must be increased when
the on-current is small for reasons associated with the
property of retaining accumulated charges and the data
rewriting speed. Therefore, a driving voltage of about 13 V
is normally used such the TFT will be reliably turned on and
off regardless of the polarity of the same.
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[0014] As thus described, a power supply circuit of 13 V
is required to drive the TFT LCD in the related art in spite
of the fact that the maximum grayscale voltage Vd required
for writing the pixel electrodes Pe is 2.5 V. The driving
voltage of 13 V is applied not only to the gate bus line
driving circuit but also to switching elements in the data bus
line driving circuit for controlling the flow of signals output
to the data bus lines Ld. The maximum driving voltage
depends on the liquid crystal material used, and some TFT
LCDs require a driving voltage of 16 V or 18 V or more that
is higher than the voltage in the present example.

[0015] As thus described, in the TFT LCD in the related
art, the power supply voltage for the gate bus line driving
circuit and the data bus line driving circuit for driving the
liquid crystal lc at each pixel is very much higher than the
voltage band of 5 V applied to the liquid crystal Ic. There-
fore, the TFT must have a high gate withstand voltage and
drain withstand voltage. This results in a need for counter-
measures including an increase in the thickness of gate oxide
films of the TFT, an increase in the channel length, and an
increase in the LDD (lightly doped drain) length. However,
such countermeasures result in an increase in fluctuation of
a threshold voltage Vth of the TFT and a reduction in the
on-current of the TFT. Consequently, a further increase of
the driving voltage will be required to achieve proper
operations in the presence of a great fluctuation of the
threshold Vth, and still further increase of the driving
voltage will be required to achieve a required switching
speed while suppressing any reduction in the on-current.
This only results in a vicious cycle, and no reduction of the
driving voltage can be achieved. An increase of the driving
voltage is problematic also in that it leads to an increase of
power consumption and an increase of electromagnetic
interference with environment.

[0016] The recent establishment of low temperature poly-
silicon manufacturing processes has made it possible to
fabricate a FET having a channel region formed from p-Si
(polysilicon) on a member having a relatively low melting
point such as a glass substrate. It therefore becomes possible
to fabricate a TFT substrate integral with peripheral circuits
in which various circuits including a gate bus line driving
circuit and a data bus line driving circuit are incorporated in
peripheral regions of a glass substrate on which pixel TFTs
are to be fabricated. FETs of the peripheral circuit sections
must be formed with a gate length that is as small as possible
to allow an operation at a high speed, and they must
inevitably be of a low voltage drive type. Further, balanced
circuits that consume low power cannot be obtained unless
they are of a low voltage drive type.

[0017] When the pixel TFTs are of a high voltage drive
type, a mixture of the low voltage drive type FET’s and high
voltage drive type TFTs must be formed on a single glass
substrate, which results in a problem in that the manufac-
turing process will become complicated and the manufac-
turing cost will increase. Therefore, to manufacture a TFT
substrate integral with peripheral circuits utilizing a low
temperature polysilicon manufacturing process, the driving
voltage of the pixel TFTs must be reduced to become as
close as possible to the driving voltage of the FET’s of the
peripheral circuits.
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SUMMARY OF THE INVENTION

[0018] The invention has an object to provide a liquid
crystal display in which a driving voltage of pixel TFTs is
reduced.

[0019] The above described object is achieved by a liquid
crystal display comprising a liquid crystal capacitance
formed by sandwiching a liquid crystal between electrodes
facing each other; a positive polarity driving circuit system
for applying a voltage of a positive polarity between the
electrodes to charge the liquid crystal capacitance with a
positive charge, and a negative polarity driving circuit
system provided separately from the positive polarity driv-
ing circuit system for applying a voltage of a negative
polarity between the electrodes to charge the liquid crystal
capacitance with a negative charge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is an cquivalent circuit diagram of four
pixels of a TFT LCD according to a first embodiment of the
invention;

[0021] FIG. 2 shows a relationship between a gate voltage
Vg, a grayscale voltage Vd, and a common voltage Vcom
during frame inversion driving according to the first embodi-
ment in the mode for carrying out the invention;

[0022] FIG. 3 is an cquivalent circuit diagram of four
pixels of a TFT LCD according to a second embodiment of
the invention in the mode for carrying out the invention;

[0023] FIG. 4 shows a relationship between a gate voltage
Vg, a grayscale voltage Vd, and a common voltage Vcom
during frame inversion driving according to the second
embodiment in the mode for carrying out the invention;

[0024] FIG. 5 is an cquivalent circuit diagram of four
pixels of a TFT LCD according to a third embodiment of the
invention in the mode for carrying out the invention,

[0025] FIG. 6 shows a relationship between a gate voltage
Vg, a grayscale voltage Vd, and a common voltage Vcom
during frame inversion driving according to the third
embodiment in the mode for carrying out the invention;

[0026] FIG.7 is an equivalent circuit diagram of one pixel
of a TFT LCD in the related art; and

[0027] FIG. 8 shows a relationship between a gate voltage
Vg, a grayscale voltage Vd, and a common voltage Vcom
during frame inversion driving according to the related art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] Liquid crystal displays and methods for driving the
same in a mode for carrying out the invention will now be
described with reference to FIGS. 1 to 6. A liquid crystal
display (TFT LCD) in the present mode for carrying out the
invention is characterized in that a liquid crystal capacitance
is charged with a positive charge and a negative charge by
separate circuit systems (a positive polarity driving circuit
system and a negative polarity driving circuit system),
respectively. For this purpose, two TFTs are provided at each
pixel; one of the TFTs functions as a switching element for
writing grayscale data having the positive polarity; and the
other TFT functions as a switching element for writing
grayscale data having the negative polarity.
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[0029] While voltages having the positive and negative
polarities are applied to a pixel electrode by a single com-
mon driving circuit in a TFT LCD in the related art, a
positive voltage and a negative voltage are respectively
applied by separate driving circuits in the present mode for
carrying out the invention. Therefore, the amplitude of each
of grayscale data voltages applied to the TFT to which a
positive voltage is to be applied and the TFT to which a
negative voltage, can be reduced to half of the amplitude
according to the related art, which makes it possible to
suppress gate pulse voltages applied to gate electrodes of the
TFTs.

[0030] TFT LCDs and methods of driving the same in the
present mode for carrying out the invention will now be
specifically described with reference to preferred embodi-
ments of the invention.

[0031] [First Embodiment]

[0032] ATFTLCD of a first embodiment of the invention
and a method for driving the same will be described with
reference to FIGS. 1 and 2. First, a schematic configuration
of the TFT LCD of the present embodiment will be
described with reference to FIG. 1. FIG. 1 shows an
equivalent circuit of four pixels P11, P12, P21, and P22
adjacent to each other among a plurality of pixels Pmn
provided in the form of a matrix on an insulated substrate.
At the pixels Pmn, liquid crystal capacitances Clcmn are
formed by sandwiching a liquid crystal Ic between pixel
electrodes Pe on a TFT substrate and a common electrode Ce
on an opposite substrate. A common voltage (common
electrode potential) Vecom (=0 V) is applied to the common
electrode Ce.

[0033] In peripheral regions of the substrate adjacent to
the region where the pixels are formed, peripheral circuits
are formed integrally with the region where the pixels are
formed using a low temperature polysilicon manufacturing
process, for example. Referring to some of the peripheral
circuits, there are formed a gate bus line driving circuit GD1
for positive polarity driving, a gate bus line driving circuit
GD2 for negative polarity driving, a data bus line driving
circuit DD1 for positive polarity driving, and a data bus line
driving circuit DD2 for negative polarity driving.

[0034] Gate bus lines Lg 11, Lg21, L.g31, . . . for applying
a positive voltage extending in the horizontal direction of the
figure are connected to the gate bus line driving circuit GD1
for positive polarity driving. Gate bus lines Lg 12, [.g22,
Lg32,. .. for applying a negative voltage that adjoin the gate
bus lines Lgll, Lg21, Lg3dl, . . . for applying a positive
voltage, respectively, and extend in parallel with them are
connected to the gate bus line driving circuit GD2 for
negative polarity driving.

[0035] Data bus lines Ld 11, 1.d21, L.d31, . . . for applying
a positive voltage extending in the vertical direction of the
figure are connected to the data bus line driving circuit DD1
for positive polarity driving. Data bus lines Ld 12, [.d22, .
.. for applying. a negative voltage that adjoin the data bus
lines Ld11, 1.d21,L.d31, ... for applying a positive voltage,
respectively, and extend in parallel with them are connected
to the data bus line driving circuit DD2 for negative polarity
driving.

[0036] A positive polarity driving circuit system is formed
by the gate bus line driving circuit GD1 for positive polarity
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driving, the gate bus lines Lgll, Lg21, Lgdl, . . . for
applying a positive voltage, the data bus line driving circuit
DD1 for positive polarity driving, and the data bus lines
Ldl1, I.d21, L.d31, . . . for applying a positive voltage. The
positive polarity driving circuit system is used for charging
the liquid crystal capacitances Clemn with a positive charge
by applying a positive voltage between the electrodes Pe of
the pixels Pmn and the electrode Ce.

[0037] Anegative polarity driving circuit system is formed
by the gate bus line driving circuit GD2 for negative polarity
driving, the gate bus lines Lgl2, 1g22, [.g32, . . . for
applying a negative voltage, the data bus line driving circuit
DD2 for negative polarity driving, and the data bus lines
Ld12, Ld22, . . . for applying a negative voltage. The
negative polarity driving circuit system is used for charging
the liquid crystal capacitances Clemn with a negative charge
by applying a negative voltage between the electrodes Pe of
the pixels Pmn and the electrode Ce.

[0038] Referring to the pixel P11 by way of example, the
pixel P11 is formed with two thin film transistors, i.e., an
n-channel TFT nll as a positive-voltage-applying TFT for
applying a data voltage having the positive polarity to the
pixel electrode Pe and a p-channel TFT pll as a negative-
voltage-applying TFT for applying a data voltage having the
negative polarity to the pixel electrode Pe.

[0039] A source electrode S of the TFT nll is connected
to the pixel electrode Pe; a drain electrode D of the same is
connected to the data bus line Ld11 for applying the positive
voltage; and a gate electrode G of the same is connected to
the gate bus line Lgll for applying the positive voltage.

[0040] A source electrode S of the TFT pll is also
connected to the pixel electrode Pe; a drain electrode D of
the same 1s connected to the data bus line L.d12 for applying
the negative voltage; and a gate clectrode G of the same is
connected to the gate bus line Lgll for applying the negative
voltage. The rest of the pixels Pmn have the same configu-
ration. Storage capacitors Csmn are connected in parallel
with the liquid crystal capacitances Clemn in practice,
although not shown.

[0041] Inthe above configuration, when a gate pulse Vg1l
(on) for applying the positive voltage is output to the gate
bus line Lgll for applying the positive voltage from the gate
bus line driving circuit GD1 for positive polarity driving in
a display frame f(2n) (n is a positive integer), TFT nll and
TFT nl2, . . . whose gate electrodes G are connected to the
gate bus line Lgll for applying the positive voltage are
turned on. As a result, grayscale voltages Vdl1, Vd2, Vd3l,

. output to the data bus lines Ld1l, Ld21, Ld31, . . .,
respectively, from the data bus line driving circuit DD1 for
positive polarity driving are written in the pixel electrodes
Pe of respective pixels Pln through TFT nln. When the
above operation is performed on all of the gate bus lines
Lgml for positive polarity driving on the basis of line
sequential driving, the writing of grayscale voltages for one
frame period is completed.

[0042] When a gate pulse Vgl2 (on) for applying the
negative voltage is then output to the gate bus line Lgl2 for
applying the negative voltage from the gate bus line driving
circuit GD2 for negative polarity driving in the next display
frame f (20+1), TFTs p11, p12, . . . whose gate electrodes G
are connected to the gate bus line Lgl2 for applying the
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negative voltage are turned on. As a result, grayscale volt-
ages Vdl12, Vd22, . . . output to the data bus lines Ld12,
1Ld22, .. . respectively, from the data bus line driving circuit
DD2 for negative polarity driving are written in the pixel
electrodes Pe of respective pixels P1n through TFTs pln.
When the above operation is performed on all of gate bus
lines Lgm?2 for negative polarity driving on the basis of line
sequential driving, the writing of grayscale voltages for one
frame period is completed.

[0043] The display frames f(2n) and f(2n+1) are sequen-
tially and repeatedly driven to perform frame inversion
driving.

[0044] A detailed description will now be made based on
FIG. 2 and with reference to FIG. 1 on optimum levels
(voltages) of gate pulses Vgm1 (on) for applying the positive
voltage and gate pulses Vgm2 (on) for applying the negative
voltage. In FIG. 2, a time base t is plotted in the horizontal
direction and voltage levels are plotted in the vertical
direction to indicate a relationship between a gate voltage
Vg, a grayscale voltage Vd, and a common voltage Vcom.
In FIG. 2, voltage levels of the positive polarity driving
circuit system relative to the time base t are shown above the
time base t, and voltage levels of the negative polarity
driving circuit system relative to the time base t are shown
under the time base t. For simplicity of description, FIG. 2
shows the gate pulse Vgll (on) for applying the positive
voltage and the gate pulse Vgl2 (on) for applying the
negative voltage that are respectively applied to the gate
electrodes G of the TFTs nll and p11 of the pixel P11.

[0045] The common voltage (common electrode potential)
Veom (=0 V) is constant. In the present embodiment, a
maximum positive grayscale voltage Vdllmax is +2.5 V,
and a maximum negative grayscale voltage Vdl12max is
-2.5 V. A threshold voltage Vthn of the TFT nll is Vth0 (a
typical threshold voltage) +A, and a threshold voltage Vthp
of the TFT p11 is =Vth0zA. Let us assume that the typical
threshold voltage Vth0 is 3 V and that the fluctuation A is 1
V. It is also assumed that VL represents a potential at the
pixel electrodes Pe of the TFTs nll and p1l (see FIG. 1).

[0046] First, the frame inversion driving shown in FIG. 2
will be schematically described. As shown in FIG. 2, a
positive grayscale voltage Vd11 (data) is applied to the pixel
electrode Pe of the pixel P11 in even-numbered frames {2
and f4, and a negative grayscale voltage Vd12 (data) is
applied to the same in odd-numbered frames f1 and f3.

[0047] The magnitude of the gate pulse Vgll (on) for
applying the positive voltage and the gate pulse Vgl2 (on)
for applying the negative voltage is obtained as VO+V1+V2
where the maximum grayscale voltages have an absolute
value V0=2.5 V and where the gate pulses have an absolute
voltage V1 and an absolute voltage V2 as shown in FIG. 2.

[0048] Inother words, in order to keep the TET nll off, the
potential at the gate electrode G of the TFT nll must be kept
lower than a minimum positive grayscale voltage Vd11min=
Veom=0 V by V1 (absolute value). In order to keep the TFT
nll on, the potential at the gate electrode G of the TFT nll
must be kept higher than the maximum positive grayscale
voltage Vd1llmax=V0=2.5 V by V2 (absolute value).

[0049] Inorder to keep the TFT p1l off, the potential at the
gate electrode G of the TFT p11 must be kept higher than a
minimum negative grayscale voltage Vd12min=Vcom=0 V
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by V1 (absolute value). In order to keep the TFT p11 on, the
potential at the gate electrode G of the TFT p11 must be kept
lower than the maximum negative grayscale voltage
Vd12max=-V0=-2.5 V by V2 (absolute value).

[0050] A description will be first made on the gate pulse
Vgl1 (on) for applying the positive voltage that is applied to
the gate electrode G of the TFT nll which is an n-channel
FET by the positive polarity driving circuit system shown
above the time base t in FIG. 2.

[0051] 1In order for the TFT nll to be kept off, a potential
difference between either voltage Vd11 output to the data
bus line Ld11 for applying the positive voltage or voltage VL
at the pixel electrode Pe, whichever lower, and the voltage
Vgll output to the gate bus line Lgll for applying the
positive voltage must be smaller than the threshold voltage
Vthn of the TFT nl1l that is equal to Vth0zA. At a point in
time t1 in FIG. 2 when the voltage VL at the pixel electrode
Pe is 2.5V, the TFT nll must be off.

[0052]
Vell-Min(Vdll, VL)<Vth0-A
[0053] SinceVgll=-V1; Min(Vdll, VL)-2.5; and Vth0-

A=2, Equation 1 canbe rearranged as follows by substituting
those values in the same.

[0054]

[0055] At a point in time t2 when the voltage VL at the
pixel electrode Pe is =2.5 V, the TFT nll must be off.
Therefore, Equation 1 is used just as done at the point in time
tl.

Specifically,

Equation 1

V1>05

Vell-Min(Vdll, VL)<Vth0-A Equation 1
[0056] SinceVgll=-V1; Min(Vdll, VL)=-2.5; and
Vth0-A=2, Equation 1 can be rearranged as follows by
substituting those values in the same.

[0057] V105

[0058] At a point in time t3, the grayscale voltage Vdll=
Vdll (data)=2.5 V. While the voltage VL at the pixel
electrode Pe is —2.5 V at the instance when the TFT nll is
turned on, the voltage VL at the pixel electrode Pe=Vdll
(data)=2.5 V immediately after the grayscale voltage Vd1l
(data) is written in the pixel electrode Pe. The TFT nll must
be kept on until the writing is completed.

[0059] Specifically,
Vgl1-Min(Vdll, VL)>Vth0+A Equation 2
[0060] Since Vgll=V0+V2=2.5+V2; Min(Vdll,

VL)=2.5; and Vth0+A=4, Equation 2 can be rearranged as
follows by substituting those values in the same.

[0061]

[0062] At a point in time t4 when the voltage VL at the
pixel electrode Pe is 2.5 V, the TFT nll must be off.
Therefore, Equation 1 is used just as done at the point in time
t1.

V2>4

Vgl1-Min(Vdll, VL)<Vth0-A

[0063] Since Vgl1=-V1; Min (VdI1l, VL)=2.5; and Vth0-
A=2, Equation 1 canbe rearranged as follows by substituting
those values in the same.

[0064]

Equation 1

V1>-45
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[0065] At a point in time t5 when the voltage VL at the
pixel electrode Pe is 2.5 V and the voltage Vg1l is 0V, the
TFT 011 must be off.
Since Vgll=-V1; Min(Vdl1l, VL)=0; and Vth0-A=2,
Vgll-Min(Vdll, VL)=-V1<0
[0066] The state at a point in time t6 is the same as that at
the point in time t1.

[0067] Therefore, what is required for the gate pulse
Vgml (on) for applying the positive voltage to be applied to
the n-channel TFT nl1 is to satisfy relationships expressed
by V1>0.5 and V2>4. What is required for the gate pulse
Vgm?2 (on) for applying the negative voltage to be applied
to the p-channel TFT pll is to satisfy relationships
expressed by V1>0.5 and V2>4 because the above discus-
sion is absolutely true except that the polarity is inverted.

[0068] Thus, the gate pulse Vgll (on) for applying the
positive voltage and the gate pulse Vgl2 (on) for applying
the negative voltage have a minimum voltage amplitude of
VO0+V1+V2=2.5+0.5+4=7 V where the threshold voltage
Vth0=3 V and the fluctuation A is 1 V. That is, a power
supply voltage of 7 V may be used for both of the positive
polarity driving circuit system and the negative polarity
driving circuit system.

[0069] As thus described, in the present embodiment, the
power supply voltage for the gate bus line driving circuit and
the data bus line driving circuit for driving the liquid crystal
Ic at each pixel can be significantly smaller than that in the
related art. It is therefore possible to use TFTs having a
relatively low gate withstand voltage and drain withstand
voltage as elements for switching pixels. This consequently
makes it possible to reduce the thickness of gate oxide films
of pixel TFTs, to reduce the channel length thereof, and to
reduce the LDD length thereof. Thus, fluctuation of a
threshold voltage Vth of TFTs can be reduced, and any
reduction in the on-current of TFTs can be suppressed.
Further, the reduction of a driving voltage makes it possible
to reduce power consumption and to reduce electromagnetic
interference with environment.

[0070] When a TFT substrate integral with peripheral
circuits is fabricated using a low temperature polysilicon
manufacturing process, the peripheral circuit sections can be
formed using low voltage drive type FETs, which makes it
possible to provide peripheral circuits which are capable of
high speed operations, which consume less power, and
which are well-balanced.

[0071] Further, since pixel TFTs can be of the low voltage
drive type, there is no need for forming a mixture of low
voltage drive type FETs and high voltage drive type TFTs on
a single glass substrate, which makes it possible to simplify
manufacturing processes and to reduce manufacturing costs.

[0072]

[0073] ATFTLCD of a second embodiment of the inven-
tion and a method for driving the same will be described
with reference to FIGS. 3 and 4. FIG. 3 is an equivalent
circuit similar to FIG. 1 for the first embodiment, and it
shows a schematic configuration of the TFT LCD of the
present embodiment. The TFT LCD of the present embodi-
ment has the same configuration as that of the first embodi-
ment except that the p-channel TFTs pmn of the TFT LCD
of the first embodiment are replaced by n-channel TFTs

[Second Embodiment]
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n’mn. Elements that function and operate in a manner
similar to that in the first embodiment are indicated by like
reference numerals and will not be described.

[0074] Referring to a pixel P11 by way of example, the
pixel P11 is formed with two thin film transistors, i.e., an
n-channel TFT nll as a positive-voltage-applying TFT for
applying a data voltage having the positive polarity to a pixel
electrode Pe and an n-channel TFT n’1l as a negative-
voltage-applying TFT for applying a data voltage having the
negative polarity to the pixel electrode Pe.

[0075] A source electrode S of the TFT nll is connected
to the pixel electrode Pe; a drain electrode D of the same is
connected to a data bus line Ld11 for applying a positive
voltage; and a gate electrode G of the same is connected to
a gate bus line Lgll for applying the positive voltage.

[0076] A drain electrode D of the TFT n’11 is connected
to the pixel electrode Pe; a source electrode S of the same is
connected to a data bus line Ld12 for applying a negative
voltage; and a gate electrode G of the same is connected to
a gate bus line Lgll for applying the negative voltage. The
rest of the pixels Pmn have the same configuration.

[0077] A detailed description will now be made based on
FIG. 4 and with reference to FIG. 3 on optimum levels
(voltages) of gate pulses Vgm1 (on) for applying the positive
voltage and gate pulses Vgm?2 (on) for applying the negative
voltage. FIG. 4 indicates a relationship between a gate
voltage Vg, a grayscale voltage Vd, and a common voltage
Vcom during frame inversion driving of the TFT LCD of the
present embodiment under the same conditions as those
shown in FIG. 2 for the first embodiment.

[0078] Since the description of the TFT nll in the first
embodiment absolutely applies to the magnitude of a gate
pulse Vgl (on) for applying the positive voltage to be
applied to the gate electrode G of the TFT nll by a positive
polarity driving circuit system shown above a time base t in
FIG. 4, it is only required that relationships expressed by
V1=0.5 and V2=4 are satisfied. Therefore, a minimum
voltage amplitude of the positive polarity driving circuit
system is 0.5+4+2.5=7 V.

[0079] A description will now be made on a gate pulse
Vgl2 (on) for applying the negative voltage to be applied to
the gate electrode G of the TFT n’11 that is an n-channel
FET by a negative polarity driving circuit system shown
under the time base t in FIG. 4.

[0080] At a point in time t1 in FIG. 4 when a voltage VL
at the pixel electrode Pe is =2.5 V, the TFT n’11 must be off.

[0081]
VgI2-Min(Vd12, VL)<Vth0-A

[0082] Since Vg12=-2.5+V1; Min(Vd12, VL)=-2.5; and
Vth0-A=2, Equation 3 can be rearranged as follows by
substituting those values in the same.

[0083]

[0084] At a point in time t2 when the voltage VL at the
pixel electrode Pe is =2.5 V, the TFT n’11 must be off.
Equation 3 is used just as done at the point in time t1.

Specifically,

Equation 3

Vi<2

Vgl2-Min(Vd12, VL)<Vth0-A Equation 3
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[0085] Since Vgl12=-2.5+V1; Min(Vd12, VL)=-2.5; and
Vth0-A=2, Equation 3 can be rearranged as follows by
substituting those values in the same.

[0086] Vi<2

[0087] At a point in time t3, a positive grayscale voltage
Vd11=Vdl1 (data)=2.5 V is written in the pixel electrode Pe.
At this time, a grayscale voltage Vd12=0 V. While the
voltage VL at the pixel electrode Pe is -2.5 V at the instance
when the TFT nll on the positive polarity side is turned on,
the voltage VL at the pixel electrode Pe =Vdl11 (data) equals
2.5 Vimmediately after the grayscale voltage Vd11 (data) is
written in the pixel electrode Pe. At this time, the TFT n’11
on the negative polarity side must be kept off until the
writing is completed.

[0088]
Vel2-Min(Vd12, VL)<Vih0+A

[0089] Since Vg12=-V0+V1=-2.5+V1; Min(Vd12, VL)=
0; and Vth0-A=2, Equation 3 can be rearranged as follows
by substituting those values in the same.

[0090] Vi<d5

[0091] At a point in time t4 when the voltage VL at the
pixel electrode Pe is 2.5 V, the TFT n’11 must be off.
Therefore, Equation 3 is used just as done at the point in time
tl.

Specifically,

Equation 3

Vgl2-Min(Vd12, VL)<Vth0-A
[0092] Since Vgl2=-2.5+V1; Min (Vd12, VL)=0; and
Vth0-A=2, Equation 3 can be rearranged as follows by
substituting those values in the same.

[0093]

[0094] At a point in time t5 when the voltage VL at the
pixel electrode Pe is 2.5 V and the voltage Vgl2 is 0V, the
TFT 0’11 must be off.

Vel2-Min(Vd12, VL)<Vth0-A
[0095] Since Vgl2=-2.5+V1; Min(Vdl2, VL)=2.5; and

Vth0-A=2, Equation 3 can be rearranged as follows by
substituting those values in the same.

[0096]

[0097] At a point in time t6, the grayscale voltage Vd12=
Vd12(data)=-2.5 V. While the voltage VL at the pixel
electrode Pe is 2.5 V at the instance when the TFT 0’11 is
turned on, the voltage VL at the pixel electrode Pe=Vd12
(data)=-2.5 V immediately after the maximum grayscale
voltage Vd12 (data) is written in the pixel electrode Pe. The
TFT n’11 must be kept on until the writing is completed.

[0098]
Vgl2-Min(Vd12, VL)>Vth0+A

[0099] Since Vg12=V2; Min(Vd12, VL)=-2.5; and Vth0+
A=4, Equation 4 can be rearranged as follows by substituting
those values in the same.

[0100]

[0101] Therefore, what is required for the gate pulse
Vgm?2 (on) for applying the negative voltage to be applied
to the n-channel TFTn’11 on the negative polarity side is to
satisfy relationships expressed by V1<2 and V2>1.5.

Equation 3

V1<0.5

Equation 3

Vi<2

Specifically,

Equation 4

V2>1.5
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[0102] Thus, the gate pulse Vgll (on) for applying the
positive voltage has a minimum voltage amplitude of
VO+V1+V2=2.5+0.5+4=7 V, and the gate pulse Vgl2 (on)
for applying the negative voltage has a minimum voltage
amplitude of VO0+V1(=0)+V2=2.5+1.5=4V where the
threshold voltage Vth0=3V and the fluctuation A is 1 V. That
is, a power supply voltage of 7 V may be used for both of
the positive polarity driving circuit system and the negative
polarity driving circuit system.

[0103] In general, when the off-current of the TFT is
poorly discontinued, the voltage V1 of the TFT nmn on the
positive polarity side is increased, and the voltage V1 of the
TFT n’mn on the negative polarity side is reduced. When the
on-current is small, the voltage V2 of both of the positive
TFT nmn and negative TFT n’mn must increased for reasons
associated with the property of retaining accumulated
charges and the data writing speed. On the contrary, in the
present embodiment, since a low driving voltage can be
used, the gate oxide films of the TFTs can be made thin,
which makes it possible to improve the above-mentioned
characteristics of interest. It is therefore possible to mini-
mize the voltages V1 and V2, which consequently allows a
further reduction of the power supply voltage. [Third
Embodiment]

[0104] ATEFTLCD of a third embodiment of the invention
and a method for driving the same will be described with
reference to FIGS. 5 and 6. FIG. 5 is an equivalent circuit
similar to FIGS. 1 and 3 for the first and second embodi-
ments, and it shows a schematic configuration of the TFT
LCD of the present embodiment. The TFT LCD of the
present embodiment has the same configuration as that of
the second embodiment except that the n-channel TFT nmn
and TFT n’mn for the positive and negative polarities of the
TFT LCD of the second embodiment are replaced by
p-channel TFT pmn and TFT p’mn, respectively. Elements
that function and operate in a manner similar to those in the
second embodiment are indicated by like reference numerals
and will not be described.

[0105] Referring to a pixel P11 by way of example, the
pixel P11 is formed with two thin film transistors, ie., a
p-channel TFT p11 as a positive-voltage-applying TFT for
applying a data voltage having the positive polarity to a pixel
electrode Pe and a p-channel TFT p’1l as a negative-
voltage-applying TFT for applying a data voltage having the
negative polarity to the pixel electrode Pe.

[0106] A drain electrode D of the TFT p11 is connected to
the pixel electrode Pe, and a source electrode S of the same
is connected to a data bus line Ld11 for applying a positive
voltage, and a gate electrode G thereof is connected to a gate
bus line Lgll for applying the positive voltage.

[0107] A drain electrode D of the TFT p’11 is connected
to a data bus line Ld12 for applying a negative voltage; a
source electrode S of the same is connected to the pixel
electrode Pe; and a gate electrode G of the same is connected
to the gate bus line Lgl1 for applying the negative voltage.
The rest of the pixels Pmn have the same configuration.

[0108] FIG. 6 illustrates optimum levels (voltages) of gate
pulses Vgm1 (on) for applying the positive voltage and gate
pulses Vgm2 (on) for applying the negative voltage in the
present embodiment. FIG. 6 indicates a relationship
between a gate voltage Vg, a grayscale voltage Vd, and a



US 2003/0146890 Al

common voltage Vcom during frame inversion driving of
the TFT LCD of the present embodiment under the same
conditions as those shown in FIG. 4 for the second embodi-
ment.

[0109] The description of the TFT nll in the second
embodiment absolutely applies to the magnitude of a gate
pulse Vgll (on) for applying the positive voltage to be
applied to the gate electrode G of the TFT p11 by a positive
polarity driving circuit system shown above a time base tin
FIG. 6 except that the polarity is inverted. The description
of the TFT n’1l in the second embodiment absolutely
applics to the magnitude of a gate pulse Vgl2 (on) for
applying the negative voltage to be applied to the gate
electrode G of the TFT p’11 by a negative polarity driving
circuit system shown under the time base t in FIG. 6 except
that the polarity is inverted.

[0110] It will be apparent from the above that a power
supply voltage of 7 V can be used for both of the positive
polarity driving circuit system and the negative polarity
driving system where a threshold voltage Vth0=3 V and
fluctuation A=1V. The same effects as in the Embodiment 2
can be achieved.

[0111] As described above, in the present mode for car-
rying out the invention, since the pulse height of a gate pulse
output from a gate bus line driving circuit for driving pixels
of an active matrix type LCD can be reduced, a low power
supply voltage can be used for the gate bus line driving
circuit. Since this makes it possible to use a low power
supply voltage for the data bus line driving circuit, a
reduction in power consumption can be achieved. Further,
the low power supply voltage makes it possible to use a gate
oxide film having a smaller thickness, which allows a
transistor to operate at a high speed (i.e., to have high
transconductance) with less fluctuation of a threshold volt-
age Vth. The reduction of the fluctuation of the threshold
voltage Vth allows a further reduction of the driving voltage.
Further, a voltage applied between a drain and a source is
also reduced, which makes it possible to form a TFT with a
transistor structure that requires a small withstand voltage
between the drain and source and that is easily to fabricate.

[0112] Since a pixel structure in the present mode for
carrying out the invention results in the increase in the
quantities of transistors and wirings per pixel, attention must
be paid to a reduction of the aperture ratio. However, the
reduction of the aperture ratio can be suppressed by employ-
ing a fine wiring pattern. In the case of a reflection type LCD
in which a conductive and highly reflective metal such as
aluminum is used for pixel electrodes Pe, no reduction of the
aperture ratio will occur because the TFTs and bus lines are
located on the backside of the pixel electrodes Pe.

[0113] Although the TFT LCD in the present mode for
carrying out the invention has a duplex driving circuit for
each bus line, any increase in manufacturing cost attribut-
able to the duplex driving circuit for each bus line can be
prevented in a configuration integral with peripheral circuits
provided using a low temperature polysilicon manufacturing
process because each bus line driving circuit can be formed
on a glass substrate simultaneously with a pixel region.

[0114] The invention is not limited to the above-described
mode of implementation and may be modified in various
ways.
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[0115] For example, while the mode for carrying out the
invention has been described with reference to transmission
type LCDS, the invention is not limited to them and may be
applied to reflection type LCDs and semi-transmission type
LCDs.

[0116] While the mode for carrying out the invention has
been described with reference to TFTs utilizing p-Si as an
active semiconductor layer, the invention is not limited to
them and may obviously be applied to TFTs utilizing a-Si
(amorphous silicon) as an active semiconductor layer.

[0117] While the mode for carrying out the invention has
been described with reference to LCDs integral with periph-
eral circuits provided by using a low temperature polysilicon
manufacturing process, the invention is not limited to them.
The invention may obviously be applied to LCDs in which
some or all of peripheral circuits are formed separately from
a glass substrate on which pixel TFTs are formed and are
wired using TAB mounting or COG mounting.

[0118] As described above, the invention makes it possible
to reduce a driving voltage of a pixel TFT.

What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal capacitance formed by sandwiching a
liquid crystal between electrodes facing each other;

a positive polarity driving circuit system for charging the
liquid crystal capacitance with a positive charge by
applying a voltage having a positive polarity between
the electrodes; and

a negative polarity driving circuit system provided sepa-
rately from the positive polarity driving circuit system
for charging the liquid crystal capacitance with a nega-
tive charge by applying a voltage having a negative
polarity between the electrodes.

2. A liquid crystal display according to claim 1, wherein

the electrodes facing each other have:

a pixel electrode provided at each of a plurality of pixels
having the liquid crystal capacitance; and

a common electrode facing each of the pixel electrodes
with the liquid crystal interposed therebetween to apply
a common voltage thereto.
3. A liquid crystal display according to claim 2, wherein
the pixels have:

a positive-voltage-applying TFT for applying a voltage
having the positive polarity to the pixel electrode; and

a negative-voltage-applying TFT for applying a voltage
having the negative polarity to the pixel electrode.
4. A liquid crystal display according to claim 3, wherein
the positive polarity driving circuit system has:

a positive-voltage-applying gate bus line for outputting a
positive-voltage-applying gate pulse to a gate electrode
of the positive-voltage-applying TFT; and

a positive-voltage-applying data bus line for outputting a
data voltage having the positive polarity to a source or
drain electrode of the positive-voltage-applying TFT;

wherein the negative polarity driving circuit system has:
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a negative-voltage-applying gate bus line for outputting a
negative-voltage-applying gate pulse to a gate elec-
trode of the negative-voltage-applying TFT; and

a negative-voltage-applying data bus line for outputting a
data voltage having the negative polarity to a source or
drain electrode of the negative-voltage-applying TFT.

5. A liquid crystal display according to claim 4, wherein

the positive polarity driving circuit system has:

a gate bus line driving circuit for positive polarity driving
for outputting the positive-voltage-applying gate pulse
to the positive-voltage-applying gate bus line; and

a data bus line driving circuit for positive polarity driving
for outputting the data voltage having the positive
polarity to the positive-voltage-applying data bus line;

wherein the negative polarity driving circuit system has:

a gate bus line driving circuit for negative polarity driving
for outputting the negative-voltage-applying gate pulse
to the negative-voltage-applying gate bus line; and
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a data bus line driving circuit for negative polarity driving
for outputting the data voltage having the negative
polarity to the negative-voltage-applying data bus line.

6. A liquid crystal display according to claim 4, wherein
a conductivity type of channels of the positive-voltage-
applying TFT and the negative-voltage-applying TFT is an
n-type.

7. A liquid crystal display according to claim 4, wherein
a conductivity type of channels of the positive-voltage-
applying TFT and the negative-voltage-applying TFT is a
p-type.

8. A liquid crystal display according to claim 4, wherein
with respect to a conductivity type of the channel of the
positive-voltage-applying TFT and the negative-voltage-
applying TFT, one is of n-type and the other is p-type.

9. A liquid crystal display according to claim 1, wherein
the positive polarity driving circuit system and the negative
polarity driving circuit system are integrally formed on an
insulated substrate on which either of the electrodes is
formed.
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