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(57) ABSTRACT

A method for driving a display panel is disclosed. At the
transitions of scan periods, common and pixel electrode are
coupled together to receive one of the power supply voltage
and the ground in one phase of a transition, and the common
and pixel electrode are further coupled together to receive
one of the power supply voltage and the ground in another

Appl. No.: 11/081,546 phase of a consecutive transition, during which the common
driver and the source driver of the display panel induce no
Filed: Mar. 17, 2005 power consumption.
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LOW POWER MULTI-PHASE DRIVING METHOD
FOR LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a driving method
for liquid crystal display (LCD), and more particularly to a
driving method for liquid crystal display wherein a low
power consumption is achieved by multi-phase charging
sharing.

[0003] 2. Description of the Prior Art

[0004] FIG. 1 shows a typical active matrix LCD. The
LCD 100 includes a matrix of rows and columns of display
cells. Each display cell includes a TFT (thin film transistor)
104 on an upper substrate 102, wherein the voltage on a
source line 108 is coupled to a pixel electrode 105 and
charges a storage capacitor (not shown) connected thereto
when the TFT 104 being turned on by the voltage on a gate
line 107 during a scan period. Each storage capacitor helps
to hold the voltage on the pixel electrode 105 when the TFT
104 is turned off beyond the scan period. The voltages on the
gate lines 107 and source lines 108 are respectively genet-
ated by a gate driver 110 and source driver 106. Besides, a
common electrode 112 is disposed on a lower substrate 116
facing the upper substrate 102. A common voltage driver 114
provides a common voltage to the common electrode 112.
Thus, molecules of a liquid crystal layer (not shown) sealed
between the upper and lower substrates are rotated in
response to voltage differences between the source and
common electrodes, which determines the brightness or/and
color of each display cell.

[0005] FIG. 2 shows an equivalent circuit of the matrix of
the display cells in the LCD shown in FIG. 1. The same
elements in FIGS. 1 and 2 refer to the same symbols for
clarity. In each of the display cells, a switch 208 is coupled
between the source line 108 and one end of a capacitor 202,
and controlled by the voltage signal on the gate line (not
shown). The other end of the capacitor 202 is coupled to the
common electrode 112. The switch 208 is formed by the
TFT 104 shown in FIG. 1 while the capacitor 202 results
from the parallel connection of the storage capacitor with a
capacitor formed by the pixel electrode 105, liquid crystal
(LC) layer and the common electrode 112. In each column
of the display cells, a parasitic capacitor 302 is formed
between the common electrode 112 and the source line 108.

[0006] FIG. 3 shows waveforms of a common and source
voltage respectively on the common electrode 112 and
source line 108 of one of the display cells shown in FIG. 2
during three consecutive scan periods in a traditional line
inversion driving method. The common voltage Vcom is
alternately pulled up and down to the high common voltage
level Vo and the low common voltage level Vogy . at
each transition of scan periods. The transition period D,
starts from the middle of the first scan period and ends at the
middle of the second scan period while the transition period
D, starts from the middle of the second scan period and ends
at the middle of the third scan period. The voltages Vopmg
and Vo, are provided by directly pumping a power
supply voltage V; up to 2V or down to -V through a
DC/DC pumping circuit, wherein the power supply voltage
is derived from a current source driver. The source voltage

1. Field of the Invention
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Vs is pulled by the (data) signal on the source line 108 to
corresponding levels for generation of desired voltage dif-
ferences +V,, =V, and +V_ between the source and common
electrodes of the display cell respectively during the three
scan periods.

[0007] The power consumption P, resulting from each
scan period transition of one display cell, of the source or
common voltage driver is VI, where V is the voltage
supplied by the source or common voltage driver, and 1 g
is the average current drawn from the source or common
voltage driver during the transition period D1 or D2 (having
the same length of the scan period). Since the equivalent
load of each display cell is dominated by the parasitic
capacitor C,_,,, the average current 1,,,5 is approximately
equal to the current flowing through the parasitic capacitor
C,o.q and is derived by the equation:

Tav6=CloaaXVoxF M
where V, is the difference between the voltages across the
parasitic capacitor C,_,, before and after the transition, and

F is the scan rate (reciprocal of one scan period). Further, the
voltage difference V_, is derived by the equation:

Vo=Veost/ Vxecl @
where V4 is the positive one of the voltages across the
parasitic capacitor C,,,4 before and after the transition, and
the Vg 1s the negative one. Therefore, the power con-
sumption P is derived by the following equation:

P=VppxCroaaX(PposH Frea IXE 3)
Accordingly, during the transition period D, the power
consumption is 2V ;xC,,,x(V,+V,)xF. During the transi-
tion period D,, the power consumption is 3V xC, _, ;x(V +
V_xFE. Thus, for the scan period starting from the middle of
the transition period D, and ending at the middle of the
transition period D,, the average power consumption P, ., is
derived by the equation:

Prorai=Y2X2 VerxCoaaX (Vo V)X F+Yax3 VX g%

Vot VoOxE &)
[0008] However, such a power consumption is relatively
large. A power-saving driving method is necessary for
improvement of the display device.

SUMMARY OF THE INVENTION

[0009] Accordingly, it is an object of the present invention
to provide an improved line inversion driving method for
liquid crystal display to save more power by multi-phase
charging sharing.

[0010] Tt is another object of the present invention to
provide a method for driving a display panel wherein no
power consumption of the common driver and the source
driver of the display panel is induced during portions of the
scan periods.

[0011] In accordance with the present invention, a low
power multi-phase driving method for display panel is
disclosed. In one embodiment, the common electrode is
pulled to one of a first and second voltage level both
provided by pumping a power supply voltage, and the pixel
electrode is pulled to corresponding voltage levels for gen-
eration of the desired voltage differences for each display
cell of the display panel. At the transitions of the scan
periods, the common and pixel electrode are coupled
together to receive the power supply voltage in one of
several phases of the transition. Further, the common and
pixel electrode are further coupled together to ground in
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another phase of the transition. In another embodiment, the
common electrode is further coupled to the first voltage level
while the voltage difference between the pixel electrode and
the common electrode remains identical due to the charge
holding across the corresponding parasitic capacitor of the
display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The objectives, features of the present invention as
well as the advantages thercof can be best understood
through the following preferred embodiments and the
accompanying drawings, wherein:

[0013]

[0014] FIG. 2 shows an equivalent circuit of the matrix of
the display cells in the LCD shown in FIG. 1,

[0015] FIG. 3 shows waveforms of a common and source
voltage respectively on the common electrode and source
line of one of the display cells shown in FIG. 2;

[0016] FIG. 4 shows a display device according to one
embodiment of the invention;

FIG. 1 shows a conventional active matrix LCD;

[0017] FIG. 5 shows waveforms of a common and source
voltage respectively on the common electrode and source
line of one of the display cells shown in FIG. 4 according
to one embodiment of the invention;

[0018] FIG. 6 shows waveforms of a common and source
voltage respectively on the common electrode and source
line of one of the display cells shown in FIG. 4 according
to another embodiment of the invention;

[0019] FIG. 7 shows a first special case of the second
embodiment in FIG. 6; and

[0020] FIG. 8 shows a second special case of the second
embodiment in FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0021] The invention will be explained in detail in accor-
dance with the accompanying drawings. It is necessary to
illustrate that the drawings below could be in simplified
forms and not drawn in proportion to the real cases. Further,
the dimensions of the drawings are enlarged for explaining
and understanding more clearly.

[0022] FIG. 4 shows a display device according to one
embodiment of the invention. The same elements in FIGS.
2 and 4 refer to the same symbols for clarity. The switches
controlled by the signals SC1, SC2, SC3 and SC4 are
coupled between the common electrode 112 and nodes
receiving the voltages Veopm Veours Yor and a ground
voltage GND, respectively. Each of the switches controlled
by the signal SS1 is coupled between the source line 108 and
a node receiving one of the voltages (data signals) DA_1,
DA_2...and DA_n. Each of the switches controlled by the
signal SS2 is coupled between the source line 108 and a
node receiving the voltage V;. Fach of the switches con-
trolled by the signal SS3 is coupled between the source line
108 and ground.

[0023] FIG. 5 shows waveforms of the common and
source voltage respectively on the common electrode 112
and source line 108 of one of the display cells in the display
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device shown in FIG. 4 during three consecutive scan
periods in a line inversion driving method according to one
preferred embodiment of the invention. Similarly to FIG. 3,
the common voltage Veom is pulled up and down to Vg
and V ooy during the two consecutive transition periods D,
and D,, respectively. The source voltage Vs is pulled by the
signal DA_1, DA_2, . . . or DA_n on the source line 108 to
corresponding levels for generation of desired voltage dif-
ferences +V, -V_ and +V_between the source and common
electrodes of the display cell respectively during the three
scan periods. It is noted that the transition period D, is
composed of 3 phases D,;, D, and D5, and the transition
period D, is composed of 3 phases D,,, D,, and D,;.

[0024] TInitially, during the phase D,;, only the two
switches controlled by the signals SC2 and SS1 are closed,
whereby the voltages Vcom and Vs are Vogpp and Ve +
V- During the phase D, ,, the two switches controlled by the
signals SC2 and SS1 are opened while those controlled by
the signals SC3 and SS2 are closed so that the source line
108 and common electrode 112 are coupled together to
receive the voltage V,, whereby the voltages Vcom and Vs
are pulled up to V. During the phase D, 5, the two switches
controlled by the signals SC3 and SS2 are opened while
those controlled by the signals SC1 and SS1 are closed so
that the source line 108 and common electrode 112 are
respectively coupled to receive the voltages V oy and the
corresponding signal DA_1, DA_2, ... or DA_n, whereby
the voltages Vcom and Vs are pulled to Veony and
VCOMHL'Va~

[0025] During the phase D,,, the switches controlled by
the signals SC1 and SS1 stay closed and the voltages Vcom
and Vs remain at Vg and Vegy—V,. During the phase
D,,, the two switches controlled by the signals SC1 and SS1
are opened while those controlled by the signals SC4 and
SS3 are closed so that the common electrode 112 and the
source line 108 are coupled together to the ground, whereby
the voltages Vcom and Vs are pulled down to GND. During
the phase D.,;, the two switches controlled by the signals
SC4 and SS3 are opened while those controlled by the
signals SC2 and SS1 are closed so that the common elec-
trode 112 and the source line 108 are coupled to receive the
voltages Vopr. and the corresponding data signal DA_1,
DA_2, ...or DA_n, whereby the voltages Vcom and Vs are
pulled to Vegpg and Voo +Ve-

[0026] Tt is noted that no power consumption of the
common voltage or source driver is induced during the
phases D, and D,, although the voltages Vcom and Vs are
varied. This is because, during the phases D, , and D,,, the
source and common electrodes are coupled together, which
results in a voltage difference of zero therebetween. Thus,
the average power consumption P, ,,; during the scan period
starting from the middle of the transition period D, and
ending at the middle of the transition period D, is derived by
the equation:

Prgra=/2%Pp, 3+ Pp53 (©)

where P, ; and P, are the power consumptions during the
phases D,; and D, respectively. Further, according to the
equation (3), the average power consumption P, .., is
derived by:

Proar =722V o1 XCloq X VX F+72%3V e X CppqX VX F (6)
[0027] By comparison of the equations (4) and (6), it is
noted that the average power consumption in the previously
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described embodiment is less than that in the prior art. For
example, when Veonm=4-5V, Veomr=lV, V=28V,
V=23V, V,=3.2V and V_=2.3V, the average power con-
sumption caused by the traditional line inversion driving
method is 13.75 C,_,,xF while that caused by the previously
described line inversion driving method is 7.1C,, ;xF.

[0028] FIG. 6 shows waveforms of the common and
source voltage respectively on the common electrode 112
and source line 108 of one of the display cells in the display
device shown in FIG. 4 during three consecutive scan
periods in a line inversion driving method according to
another embodiment of the invention. Similarly to FIG. 5,
the common voltage Vcom is pulled up and down to Vqpog
and Vg during the two consecutive transition periods D,
and D,, respectively. The source voltage Vs is pulled by the
signal DA_1, DA_2, . .. or DA_n on the source line 108 to
corresponding levels for generation of desired voltage dif-
ference +V, =V, and +V_ between the source and common
electrodes of the display cell respectively during the three
scan periods. It is noted that the transition period D, is
composed of 4 phases D, Dj,, D,; and D,,, and the
transition period DD, is composed of S phases D,;, D,,, D,;,
D,, and D,s.

[0029] Initially, during the phase D,,, only the two
switches controlled by the signals SC2 and SS1 are closed,
whereby the voltage Vecom and Vs are Vgpg and Veopr +
V,,. During the phase D, ,, the two switches controlled by the
signal SC2 and SS1 are opened while those controlled by the
signals SC3 and SS2 are closed so that the source line 108
and common electrode 112 are coupled together to receive
the voltage V., whereby the voltages Vcom and Vs are
pulled up to V. During the phase D, ;, the switch controlled
by the signal SC3 is opened and the switches controlled by
the signal SS2 stay closed while the switch controlled by the
signal SC1 is closed, whereby the voltage Vcom is pulled to
V conr and the voltage Vs remains at V ;. During the phase
D, ,, the switch controlled by the SC1 stays closed and the
switches controlled by the signal SS2 are open while the
switches controlled by the signal SS1 are closed and the
source lines 108 are coupled to receive the corresponding
signal DA_1, DA_2, . . . or DA_n, whereby the voltage
Veom remains at Vegpg and Vs are pulled to Vegpg =V,

[0030] During the phase D,;, the switches controlled by
the signals SC1 and SS1 stay closed and the voltages Vcom
and Vs remain at V. gy and Ve -V, During the phase
D,,, the two switches controlled by the signals SC1 and SS1
are opened while those controlled by the signals SC3 and
SS2 are closed so that the common electrode 112 and the
source line 108 are coupled together to receive the voltage
Vp, whereby the voltages Vecom and Vs are pulled down to
Ve During the phase D3, the switches controlled by the
signal SS2 stay closed and the switch controlled by the
signal SC3 is opened while the switch controlled by the
signal SC4 is closed so that the common electrode 112 is
coupled to the ground, whereby the voltage Veom is pulled
down to GND and the voltage Vs remains at V ;. During the
phase D,,, the switches controlled by the signal SS2 and
SC4 are opened while the switch controlled by the SC2 is
closed so that the common electrode 112 is coupled to
receive the voltage Vo, Whereby the voltage Vcom is
pulled to Vg and the voltage Vs is accordingly pulled
down to Veop+Ver since the voltage across the parasitic
capacitor still holds at V ;. During the phase D, s, the switch

loa

Sep. 21, 2006

controlled by the SC2 stays closed while the switches
controlled by the signal SS1 are closed so that the voltage
Veom remains at Vgyg and the source lines 108 are
coupled to received the corresponding signal DA_1, DA_2,
... or DA_n, whereby the voltage Vcom and Vs are pulled
10 Veopg, A0d Vg Ve, wherein the sum of the V; and
V., is equal to V. as shown in FIG. 6.

[0031] It is noted that no power consumption of the
common driver or source driver is induced during the phases
D,,, D,, as well as D,, although the voltage Vcom and Vs
are varied. This is because, during the phases D, and D.,,
the source and common electrodes are coupled together,
which results in a voltage difference of zero therebetween,
while during the phase D,,, the common voltage Vcom is
pulled to Vo as well as the source line is decoupled from
any charging operation, thereby the source voltage Vs would
accordingly change from V; to V. +V o along with the
variation of the common voltage Vecom from GND to
V comr, Which does not consume any extra power. Thus, the
average power consumption P, during the scan period
starting from the middle of the transition period D; and
ending at the middle of the transition period D, is derived by
the equation:

Proar=/x(Pp13+Pp 14)+72x(Pp23+Pryos) )
where Pp, 5, Py, Ppas and Pp,5 are the power consump-
tions during the phases D5, D, ., D,; and D, respectively.
It is noted that, during the phase D, 5, for the reason that the
source voltage Vs is at V ; and the common voltage is pulled
t0 2V (1., Veoym)s the charging current within the C,,,
would flow from the common electrode to the pixel elec-
trode, in other words, a power energy Ppo={Y%x(2V -
Ve)XCroaaxVaixF} would be charged back to the power
supply coupled to the pixel electrode. So, as the whole
concerned, the actual total power consumption during the
phase D,; is equal to Pp;-Prp=Y2xVxC g%V, XF,
where V_, is equal to V. Besides, it is also noted that,
during the phase D,;, since the common voltage Vcom
finally reaches GND and the source voltage is at V., which
is just equal to the power supply voltage, the charging
operation to make the voltage across the capacitor C,_ 4 from
0 to +V,, is mainly driven by the source voltage (V) and
that is like the power supply directly charges the capacitor
Cionq through the source electrode without any pumping
operation. Thus, the equivalent power consumption during
the phase D, is equal t0 Pp,,,=%xV xC, %V xF, where
V., is equal to V. Further, according to equation (6), the
average power consumption P, in this embodiment is
derived by:

Proar=72X2V 01X Cloq X VX F+Y2X VX Ci g Vo (X F+Y2X

VerXCoagX Vo ixF+2x3 Ve xC g XV xF (8)
[0032] Similarly, by comparison of the equations (4), (6)
and (8), it is noted that the average power consumption in the
second embodiment described above is less than that in the
prior art and even less than that in the first embodiment
earlier described. For example, when Vogup=4.5V,
Veom =1V, V=28V, V=23V, V =32V and V =23V, the
average power consumption caused by the previously
described line inversion driving method in FIG. 6 is 3.85
Cy.qxF while that caused by the first embodiment is
7.1C,,4xF and that caused by the traditional line inversion
driving method is 13.75 C,xF.

[0033] FIG. 7 shows a first special case of the second
embodiment in FIG. 6. The first special case is applicable
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when the value of the desired voltage difference -V, is equal
to the voltage difference between the common voltage
V. @d the power supply voltage V. The line inversion
driving method of the first special case in FIG. 7 is the same
as that in FIG. 6 except that no phase D, exists in the first
special case. As the phase D, , is no longer required, and
therefore the average power consumption could be further
conserved.

[0034] FIG. 8 shows a second special case of the second
embodiment in FIG. 6. The second special case is applicable
when the value of the desired voltage difference V_, is equal
to the voltage difference between the power supply voltage
V¢ and the ground level GND (that is, Vi) as shown in
FIG. 8. The line inversion driving method of the second
special case in FIG. 8 is the same as that in FIG. 6 except
that no phase D, exists in the second special case. As the
phase D, is no longer required, and therefore the average
power consumption could be further conserved. Specifically,
in FIG. 8, during the phase D,,, after the source voltage Vs
is naturally pulled down to the V gy +V 7 and the common
voltage Vcom is pulled to Vo, the source voltage Vs
would be maintained at Vg +Ver (as the dotted line
shown) without any charging operation due to the fact that
the voltage across the capacitor still hold at V; (or V) at
this time. Thus, the average power consumption caused by
the phase D, of the second embodiment would be con-
served in the second special case.

[0035] For the discussion described above, the present
invention provides a low power multi-phase driving method
for liquid crystal display, wherein the transition of the scan
periods is divided into several phases through temporarily
coupling the pixel electrode and the common electrode
together to receive the power supply voltage or to the ground
level as well as pulling the source voltage and the common
voltage to different voltage levels. Accordingly, the present
invention conserves a great deal of power compared to the
traditional method.

[0036] Although specific embodiments have been illus-
trated and described, it will be obvious to those skilled in the
art that various modifications may be made without depart-
ing from the spirit which is intended to be limited solely by
the appended claims.

What is claimed is:

1. A method for driving a display panel having an array of
display cells wherein brightness of each display cell is
determined by desired voltage differences between a pixel
and common electrode during a plurality of scan periods, the
method comprising the steps of:

at transitions of the scan periods, pulling a voltage on the
common electrode to one of a first and second voltage
level both provided by pumping a power supply volt-
age, and pulling a voltage on the pixel electrode to
corresponding voltage levels for generation of the
desired voltage differences for each display cell; and

wherein the common and pixel electrode are coupled
together to receive the power supply voltage in one of
a plurality phases of the transition.

2. The method according to claim 1, wherein said com-
mon and pixel electrode are further coupled together to
ground in another of the plurality phases of a consecutive
transition.
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3. The method according to claim 1, wherein said first
voltage level is provided by pumping the power supply
voltage down to minus the power supply voltage, and said
second voltage level is provided by pumping the power
supply voltage up to two times the power supply voltage.

4. The method according to claim 1, wherein said plurality
of phases of the transition comprise three phases during
which the common electrode is pulled from the first voltage
level to the second voltage level higher than the first voltage
level:

a first phase wherein the common electrode is coupled to
receive the first voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to receive the power supply volt-
age; and

a third phase wherein the common electrode is coupled to
receive the second voltage level, and the pixel electrode
is coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell.

5. The method according to claim 4, wherein said plurality
of phases of a consecutive transition comprises three phases
during which the common electrode is pulled from the
second voltage level to the first voltage level lower than the
second voltage level:

a first phase wherein the common electrode is coupled to
receive the second voltage level, and the pixel electrode
is coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to ground; and

a third phase wherein the common electrode is coupled to
receive the first voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell.

6. The method according to claim 1, wherein said com-
mon and pixel electrode are further coupled together to the
power supply voltage in another of the plurality phases of a
consecutive transition.

7. The method according to claim 6, wherein said com-
mon electrode is further coupled to ground and the pixel
electrode is coupled to the power supply voltage in another
of the plurality phases of the consecutive transition.

8. The method according to claim 7, wherein said com-
mon electrode is further coupled to the first voltage level
while the voltage difference between the pixel electrode and
the common electrode remains identical due to charge
holding across a corresponding parasitic capacitor.

9. The method according to claim 1, wherein said plurality
of phases of the transition comprise four phases during
which the common electrode is pulled from the first voltage
level to the second voltage level higher than the first voltage
level:

a first phase wherein the common electrode is coupled to
receive the first voltage level, and the pixel electrode is
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coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to receive the power supply volt-
age;

a third phase wherein the common electrode is coupled to
receive the second voltage level, and the pixel electrode
is coupled to the power supply voltage; and

a fourth phase wherein the common electrode is coupled
to the second voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell.

10. The method according to claim 9, wherein said
plurality of phases of a consecutive transition comprise five
phases during which the common electrode is pulled from
the second voltage level to the first voltage level lower than
the second voltage level:

a first phase wherein the common electrode is coupled to
the second voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to the power supply voltage;

a third phase wherein the common electrode is coupled to
the ground and the pixel electrode is coupled to the
power supply voltage;

a fourth phase wherein the common electrode is coupled
to the first voltage level while the voltage difference
between the pixel electrode and the common electrode
remains identical due to charge holding across a cot-
responding parasitic capacitor; and

a fifth phase wherein the common electrode is coupled to
the first voltage level, and the pixel electrode is coupled
to receive corresponding voltage levels for generation
of the desired voltage differences for each display cell.

11. The method according to claim 1, wherein said

plurality of phases of the transition comprise three phases
during which the common electrode is pulled from the first
voltage level to the second voltage level higher than the first
voltage level:

a first phase wherein the common electrode is coupled to
receive the first voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to receive the power supply volt-
age; and

a third phase wherein the common electrode is coupled to
receive the second voltage level, and the pixel electrode
is coupled to the power supply voltage.

12. The method according to claim 11, wherein said
plurality of phases of a consecutive transition comprise five
phases during which the common electrode is pulled from
the second voltage level to the first voltage level lower than
the second voltage level:
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a first phase wherein the common electrode is coupled to
the second voltage level, and the pixel electrode is
coupled to the poser supply voltage;

a second phase wherein the common and pixel electrode
are coupled together to the power supply voltage;

a third phase wherein the common electrode is coupled to
the ground and the pixel electrode is coupled to the
power supply voltage;

a fourth phase wherein the common electrode is coupled
to the first voltage level while the voltage difference
between the pixel electrode and the common electrode
remains identical due to charge holding across a cor-
responding parasitic capacitor; and

a fifth phase wherein the common electrode is coupled to
the first voltage level, and the pixel electrode is coupled
to receive corresponding voltage levels for generation
of the desired voltage differences for each display cell.

13. The method according to claim 1, wherein said

plurality of phases of the transition comprise four phases
during which the common electrode is pulled from the first
voltage level to the second voltage level higher than the first
voltage level:

a first phase wherein the common electrode is coupled to
receive the first voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to receive the power supply volt-
age;

a third phase wherein the common electrode is coupled to
receive the second voltage level, and the pixel electrode
is coupled to the power supply voltage; and

a fourth phase wherein the common electrode is coupled
to the second voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell.

14. The method according to claim 13, wherein said
plurality of phases of a consecutive transition comprise four
phases during which the common electrode is pulled from
the second voltage level to the first voltage level lower than
the second voltage level:

a first phase wherein the common electrode is coupled to
the second voltage level, and the pixel electrode is
coupled to receive corresponding voltage levels for
generation of the desired voltage differences for each
display cell;

a second phase wherein the common and pixel electrode
are coupled together to the power supply voltage;

a third phase wherein the common electrode is coupled to
the ground and the pixel electrode is coupled to the
power supply voltage; and

a fourth phase wherein the common electrode is coupled
to the first voltage level while the voltage difference
between the pixel electrode and the common electrode
remains identical due to charge holding across a cor-
responding parasitic capacitor.
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15. A method for driving a display panel having an array
of display cells wherein brightness of each display cell is
determined by desired voltage differences between a pixel
and common electrode during, a plurality of scan periods,
the method comprising the steps of:

at transitions of the scan periods, pulling a voltage on the
common electrode to one of a first and second voltage
level, and pulling a voltage on the pixel electrode to
corresponding voltage levels for generation of the
desired voltage differences for each display cell; and

wherein the common and pixel electrode are coupled
together to receive one of the power supply voltage and
ground in one transition of the scan periods, and the
common and pixel electrode are further coupled
together to receive one of the power supply voltage and
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the ground in a consecutive transition of the scan
periods, during which a common driver and a source
driver induce no power consumption.

16. The method according to claim 15, wherein said
common electrode is further coupled to the first voltage level
while the voltage difference between the pixel electrode and
the common electrode remains identical due to charge
holding across a corresponding parasitic capacitor.

17. The method according to claim 15, wherein said first
voltage level is provided by pumping the power supply
voltage down to minus the power supply voltage, and said
second voltage level is provided by pumping the power
supply voltage up to two times the power supply voltage.
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