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G7) ABSTRACT

A power-saving circuit for an active matrix liquid crystal
display (“LCD”) panel that comprises a plurality of first
capacitors, each first capacitor corresponding to a data line
of the LCD panel for collecting electrical charge provided on
an associated data line, at least one set of second capacitors,
at least one set of transistors, each transistor of a set
corresponding to one of the plurality of first capacitors, and
at least two control signals, each control signal correspond-
ing to a set of the at least one set of transistors and
corresponding to a set of the at least one set of second
capacitors, and each control signal functioning to switch
between a first and a second state to control the operation
state of an associated set of transistors, wherein the at least
two control signals switch to a first state in a first sequence
starting from a first control signal to a last control signal, and
then in a second sequence starting from the last control
signal to the first control signal, the first sequence alternating
with the second sequence.
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POWER-SAVING CIRCUITS AND METHODS FOR
DRIVING ACTIVE MATRIX DISPLAY ELEMENTS

FIELD OF THE INVENTION

[0001] This invention relates in general to a circuit for
driving liquid crystal display (“LCD”) devices and, more
particularly, to a circuit and method for reducing power
required for driving LCD devices.

BACKGROUND OF THE INVENTION

[0002] LCD devices are widely used as a TV screen or a
computer monitor for desktops and notebooks. In general,
LCD devices are driven by using techniques that alternate
the polarity of the voltages applied across a cell. These
techniques may include inversion schemes such as frame
inversion, row inversion, column inversion, and dot inver-
sion. Typically, notwithstanding the inversion schemes, a
higher image quality requires higher power consumption
because of frequent polarity conversions. Such LCD
devices, in particular thin film transistor (“TFT”) LCD
devices, may consume significant amounts of power, which
may in turn generate excessive heat. The characteristics of
the LCD devices will be significantly deteriorated due to the
heat generated.

[0003] Charge sharing techniques have been developed in
the art to reduce power consumption required by LCD
devices. An exemplary column driver integrated circuit in
the art uses multiplexers to selectively couple each of the
columns to a common node during a portion of each row
drive period. During the remaining portion of each row drive
period, the multiplexers selectively couple voltage drivers to
the columns of the LCD pixel array. In addition, the common
node can be connected to an external storage capacitor.

[0004] Another power-saving circuit in the art uses
switches and capacitors to passively change the voltage level
on column electrodes without active driving by the column
driver circuit. The power needed by the column driver
circuit to drive voltages of alternating polarity onto the
column electrodes is significantly reduced, particularly for
the pixel inversion and the row inversion schemes.

[0005] The prior art techniques may save a significant
amount of power in the column inversion and the dot
inversion and row inversion schemes, respectively. How-
ever, these techniques in the art are not particularly effective
in other schemes. It is desirable that a circuit is designed to
achieve significant power saving in all the inversion
schemes.

SUMMARY OF THE INVENTION

[0006] Accordingly, the present invention is directed to a
circuit and method that obviate one or more of the problems
due to limitations and disadvantages of the related art.

[0007] To achieve these and other advantages, and in
accordance with the purpose of the invention as embodied
and broadly described, there is provided a power-saving
circuit for an active matrix liquid crystal display (“LCD”)
panel that comprises a plurality of first capacitors, each first
capacitor corresponding to a data line of the LCD panel for
collecting electrical charge provided on an associated data
line, at least one set of second capacitors, at least one set of
transistors, each transistor of a set corresponding to one of
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the plurality of first capacitors, and at least two control
signals, each control signal corresponding to a set of the at
least one set of transistors and corresponding to a set of the
at least one set of second capacitors, and each control signal
functioning to switch between a first and a second state to
control the operation state of an associated set of transistors,
wherein the at least two control signals switch to a first state
in a first sequence starting from a first control signal to a last
control signal, and then in a second sequence starting from
the last control signal to the first control signal, the first
sequence alternating with the second sequence.

[0008] In one aspect, each second capacitor of a set in
response to a first state of an associated control signal
reaches a voltage level that is an average of a voltage level
of the each second capacitor held at a previous first state of
the associated control signal and a voltage level of an
associated first capacitor in proportion to the capacitance
values of the each second capacitor and the associated first
capacitor.

[0009] In another aspect, each transistor includes a gate
coupled to an associated control signal, a first terminal
coupled to an associated first capacitor, and a second ter-
minal coupled to an associated second capacitor.

[0010] Also in accordance with the present invention,
there is provided a power-saving circuit for an active matrix
liquid crystal display (“LCD”) panel that comprises a plu-
rality of first capacitors, each first capacitor corresponding to
a data line of the LCD panel for collecting electrical charge
provided on an associated data line, a plurality of second
capacitors, a plurality of transistors, each transistor includ-
ing a gate, a first terminal coupled to one of the plurality of
first capacitors, and a second terminal coupled to one of the
plurality of second capacitors, and a control signal coupled
to the gates of the plurality of transistors, and functioning to
switch between a first and a second state to control the
operation state of the plurality of transistors, wherein each
second capacitor in response to a first state of the control
signal reaches a voltage level that is an average of a voltage
level of the each second capacitor held at a previous first
state of the control signal and a voltage level of an associated
first capacitor in proportion to the capacitance values of the
each second capacitor and the associated first capacitor.

[0011] In one aspect, each first capacitor includes a first
capacitance value, and each second capacitor includes a
second capacitance value substantially the same as the first
capacitance value.

[0012] Still in accordance with the present invention, there
is provided a method of power saving for an active matrix
liquid crystal display (“LCD”) panel that comprises provid-
ing a plurality of first capacitors, electrically coupling each
first capacitor to a data line of the LCD panel, providing at
least one set of transistors, electrically coupling each tran-
sistor of a set to one of the plurality of first capacitors,
providing at least one set of second capacitors, electrically
coupling each set of second capacitors to a set of transistors,
providing at least one control signal, electrically coupling
each control signal to a set of transistors, each control signal
functioning to switch between a first and a second state to
control the operation state of an associated set of transistors,
switching the at least one control signal to a first state in a
first sequence starting from a first control signal to a last
control signal such that voltage levels of a second capacitor



US 2004/0263507 Al

and an associated first capacitor are averaged in proportion
to their respective capacitance values, and switching the at
least one control signal in a second sequence starting from
the last control signal to the first control signal such that
voltage levels of a second capacitor and an associated first
capacitor are averaged in proportion to their respective
capacitance values.

[0013] Additional objects and advantages of the invention
will be set forth in part in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and advan-
tages of the invention will be realized and attained by means
of the elements and combinations particularly pointed out in
the appended claims.

[0014] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

[0015] The accompanying drawing, which is incorporated
in and constitutes a part of this specification, illustrates
several embodiments of the invention and together with the
description, serves to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a circuit diagram of a liquid crystal
display (“LCD”) panel in accordance with one embodiment
of the present invention;

[0017] FIG. 2 is a timing diagram for the LCD panel
shown in FIG. 1;

[0018] FIG. 3 is another timing diagram for the LCD
panel shown in FIG. 1;

[0019] FIG. 4 is a circuit diagram of a LCD panel in
accordance with another embodiment of the present inven-
tion;

[0020] FIG. 5 is a timing diagram for the LCD panel
shown in FIG. 4;

[0021] FIG. 6 is another timing diagram for the LCD
panel shown in FIG. 4; and

[0022] FIG. 7 is a circuit diagram of a LCD panel in
accordance with one embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0023] Reference will now be made in detail to the present
embodiment of the invention, an example of which is
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0024] FIG. 1 shows a circuit diagram of a liquid crystal
display (“LCD”) panel 10 in accordance with one embodi-
ment of the present invention. Referring to FIG. 1, LCD
panel 10 includes a LCD 12, a plurality of first capacitors 22
and a charge-sharing circuit 14. LCD 12 includes a data
driver 16, a scan driver 18, and a matrix of cells 20. A
representative cell 20' is located near an intersection of a
scan line SL, and a data line DL,. Data driver 16 functions
to supply a video signal to each of the cells 20 through a
corresponding data line DL, DL, . . . or DLy,. A plurality
of control signals SR, SR; . . . SRy, generated from data
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driver 16 are provided to control video signals for output to
cells 20 through corresponding switches SWO, SW, . . .
SW,,. Scan driver 18 functions to select a scan line SL, SL;
...or SLN to turn on cells 20 associated with the scan line.
Representative cell 20' includes an active matrix thin film
transistor (not numbered) including a gate (not numbered)
coupled to a corresponding scan line SL,, a drain (not
numbered) coupled to a corresponding data line DL,, and a
source (not numbered) coupled to one ends of a storage
capacitor Cq and a liquid crystal capacitor C; ~ connected in
parallel. The other ends of storage capacitor Cq and liquid
crystal capacitor C; are coupled to an electrode (not
shown) to which a common voltage V., is applied.

[0025] Charge-sharing circuit 14 includes a plurality of
second capacitors 24, a plurality of transistors 26, and a
control signal SEL. Each transistor 26 includes a gate (not
numbered) coupled to control signal SEL, a first terminal
(not numbered) coupled to one end of a corresponding first
capacitor 22, and a second terminal (not numbered) coupled
to one end of a corresponding second capacitor 24. The other
end of each first capacitor 22 is coupled to a common
electrode (not shown) of LCD 12 to which common voltage
Vcow is applied. The other end of each second capacitor 24
is coupled to a reference level or ground GND. Control
signal SEL functions to switch between a first state and a
second state. In one embodiment according to the invention,
the first state represents a high level voltage signal to turn on
transistors 26, and the second state represents a low level
voltage signal to turn off transistors 26.

[0026] Transistors 26 may include amorphous thin film
transistors (“TFT”) or poly-crystalline thin film transistors.
In one embodiment according to the invention, amorphous
thin film transistors are used to simplify the fabrication
process as the transistors of cells 20 are also amorphous
TFTs. First capacitors 22 may include parasitic capacitances
formed associated with data lines DL, to DL, In one
embodiment, first capacitors 22 and second capacitors 24
have substantially the same capacitance values, for example,
approximately 5 pico farads (pF). Operation of power-
saving circuit 14 is described in further detail by reference
to FIG. 2 where first capacitors 22 and second capacitors 24
have substantially the same capacitance values.

[0027] FIG. 2 is a timing diagram for LCD panel 10
shown in FIG. 1. Referring to FIG. 2, prior to time t,, the
voltage level V; of first capacitor 22 and the voltage level V,,
of second capacitor 24 have an initial value of Vg +V;
and Veom—Ver, respectively, where Vg 1S a voltage
applied to a common electrode of LCD 12, and V, . is a
voltage difference between a pixel electrode and a common
electrode formed on opposite sides of a liquid crystal layer
of LCD 12 having a black-scale image. At time t,, control
signal SEL switches to a first state and does not switch to a
second state to turn off transistors 26 until t,. The high
voltage-level control signal SEL turns on transistors 26 such
that electrical charge collected in first capacitors 22 and
second capacitors 24 are averaged in proportion to, or
precisely, in a reverse proportion to their respective capaci-
tance values. Since it is assumed that each first capacitor 22
and second capacitor 24 have substantially the same capaci-
tance value, voltage levels V; (=Voop+Ver) and V,
(=Vcom—Ver) become Vgy, and Vg, respectively.

[0028] At time t,, scan driver 18 selects a scan line, for
example SL,, to start a row drive period. During the row
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drive period from t, to ts, at time t5, data driver 16 outputs
a high level control signal SR, to turn on switch SW; to
allow a new video image signal to refresh the voltage level
on data line DL, and in turn the voltage level V, of first
capacitor 22 associated with data line DL, to Vop—Ver.
With second capacitors 24, data driver 16 charges data lines
DL, to DLy, from Veoum t0 Veom—Ver, instead of from
V VoL 10 Veou=Ver - At time tg, control signal SEL
switches to a first state again. Voltage levels V, (=V oy~
Vep) and V, (=Vcop) are averaged and become V-
1V and Vg%V, respectively.

[0029] At time to, first capacitors 22 are charged with a
voltage level Vooy+Ve from Vo ~%V;, instead of
from Veom—Ver, 10 VeomtVer. At time t;,, control signal
SEL switches to a first state, and voltage levels V, (=V oo+
Ver) and V, (=Veom—7Ver) are averaged to become
Voot Ver and Veoy+7%4Vey, respectively. The charge
sharing procedure between each first capacitor 22 and its
associated second capacitor 24 continues in response to a
first state of control signal SEL.

[0030] FIG. 3 shows a result of computer simulation for
the charge sharing procedure shown in FIG. 2. Referring to
FIG. 3, after a sufficiently long time, voltage level V, of
second capacitors 24 swings between a stable region V__ +
Y3Vic and Vo~V . Besides, after a sufficiently long
time, during a row drive period, first capacitors 22 dis-
charges from Vo445V 10 Veom—Vie, instead of from
Veomt Vie 10 Veom—Vie or charges from Vg ~V3V  to
Veomt Vie instead of from Voo —Vic 0 Vot Vie
resulting in a reduction of power consumption. Skilled
persons would understand that a same result of the above-
mentioned stable regions of V; and V, is able to be achieved
despite the initial values of V; and V,.

[0031] FIG. 4 is a circuit diagram of a LCD panel 50 in
accordance with another embodiment of the present inven-
tion. Referring to FIG. 4, LCD panel 50 includes a LCD 52
and a power-saving circuit (not numbered). The power-
saving circuit includes a plurality of first capacitors 54, a
first charge-sharing circuit 56, a second charge-sharing
circuit 58, and control signals SEL, and SEL,. First charge-
sharing circuit 56 includes a first set of transistors 62 and
first set of second capacitors 64. Similarly, second charge-
sharing circuit 58 includes a second set of transistors 72 and
second set of second capacitors 74. First charge-sharing
circuit 56 is formed between a data driver (not numbered)
and a cell matrix (not numbered) of LCD 12. Control signals
SEL, and SEL, function to switch between a first state and
a second state to respectively turn on and turn off associated
transistors 62 and 72.

[0032] In one embodiment according to the invention, first
and second sets of transistors 62 and 72 include amorphous
or poly-crystalline TFTs. First capacitors 54 and second
capacitors 64 and 72 include substantially the same capaci-
tance values. In one embodiment according to the invention,
the capacitance value of each first capacitor 54 and second
capacitors 64 and 74 is approximately 5 pico farads (pF).
Operation of the power-saving circuit is explained below by
reference to FIG. 5 under the case that first capacitors 54 and
second capacitors 64 and 74 have substantially the same
capacitance values.

[0033] FIG. 5 is a timing diagram for LCD panel 50
shown in FIG. 4. Referring to FIG. 5, prior to time to, it is
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assumed that the voltage levels V 4 of first capacitors 54, Vg,
of first set of second capacitors 64, and Vg, of second set of
second capacitors 74 have an initial value of Voop+Vers
Veom—Vers and Vg~V , respectively. At time to, con-
trol signal SEL, switches to a first state and does not switch
to a second state to turn off first set of transistors 62 until t,.
The high voltage-level control signal SEL, turns on first set
of transistors 62 such that electrical charge collected in first
capacitors 54 and first set of second capacitors 64 are
averaged. Voltage levels V, (=Veom+Ver) and Vg,
(=Vcom—Ver) become Vo, and Vg, respectively.

[0034] At time t,, control signal SEL, switches to a first
state and does not switch to a second state to turn off second
set of transistors 72 until t,. The high voltage-level control
signal SEL, turns on second set of transistors 72 such that
electrical charge collected in first capacitors 54 and second
set of second capacitors 74 are averaged. Voltage levels V5
(=Vcom) and Vg, (=Vom—Vr) become Vg~V and
Vecom—"2V oy, respectively. In one embodiment according to
the invention, control signals come from a same clock
source (not shown) that applies control signals to first and
second charge-sharing circuits 56 and 58 at different time
periods.

[0035] At time t;, a row drive period occurs. During the
row drive period from t; to t, at time t,, a video image signal
is sent to refresh the voltage level V , of first capacitors 54
t0 Veom—Ver- With second capacitors 64 and 74, data lines
DL, to DLy, are charged from Voop—%Ver t0 Veom—Vers
instead of from Veoym+Vear 0 Veom—Ver At time to,
control signal SEL, switches to a first state again. Voltage
levels V4 (=Veom—Ver) and Vg, (=Veom—7V ey ) are aver-
aged and become Vo ~%V; and Vg ~%V ., respec-
tively. At time tg, control signal SEL, switches to a first state.
Voltage levels V, (=Veon—%Ver) and Vi, (=Veon) are
averaged and become Veon—%Ver and Veou—%Vers,
respectively.

[0036] Next, at time t,, another row drive period occurs.
During the row drive period starting from t,,, at time t;;, a
video image signal is sent to refresh the voltage level V, of
first capacitors 54 to Vop+ V- With second capacitors 64
and 74, data lines DL, to DLy, are charged from V -
¥V oy 10 Voot Ve, instead of from Vo gy—Vep 10 Voot
V- The charge sharing procedure between each first
capacitor 54 and second capacitor 64 or 74 continues in
response a first state of control signal SEL, and SEL,,
respectively.

[0037] FIG. 6 shows a result of computer simulation for
the charge sharing procedure shown in FIG. 5. Referring to
FIG. 6, after a sufficiently long time, voltage level Vy, of
first set of second capacitors 64 swings between a stable
region Vo+% Ve and Vo, and voltage level Vg, of
second set of second capacitors 74 swings between a stable
region Vooy and Veoy—% Vi o Besides, after a sufficiently
long time, during a row drive period, first capacitors 54
discharges from Veom+%Vies Veom 0 Veom—Vies
instead of from V g+ Vi e 10 Vo~ Vi or charges from
Veom="2Vie Veom 10 Veom+ Vi instead of from V|~
Vi to Voot Vi, resulting in a reduction of power con-
sumption. Skilled persons would understand that a same
result of the above-mentioned stable regions of V,, Vg, and
Vg, is able to be achieved despite the initial values of V,,
Vg; and Vg,
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[0038] Although only LCD panel 10 including one charge-
sharing circuit 14 and LCD panel 50 including two charge-
sharing circuits 56 and 58 are described in the above-
mentioned embodiments, skilled persons in the art would
understand that the embodiments support more than two
charge-sharing circuits. As an example of a LCD panel (not
shown) including three charge-sharing circuits (not shown),
three control signals (not shown) are respectively used to
control the transistors (not shown) of the three charge-
sharing circuits. The three control signals switch to a first
state in a first sequence starting from a first control signal to
a third control signal such that the voltage levels of a first,
second, and third sets of second capacitors (not shown) of a
first, second, and third charge-sharing circuits are averaged
with the voltage level of first capacitors (not shown), respec-
tively. Then the three control signals switch to another first
state in a second sequence starting from the third control
signal to the first control signal such that the voltage levels
of the first, second, and third sets of second capacitors held
at the previous first state are averaged with the voltage level
of the first capacitors, respectively. The first sequence alter-
nates with the second sequence.

[0039] Skilled persons in the art would also understand
that a subset of transistors of a charge-sharing circuit may be
coupled to a same second capacitor, as shown in FIG. 7.
Referring to FIG. 7, a LCD panel 80 in accordance with one
embodiment of the present invention includes a plurality of
first capacitors 82, and a charge-sharing circuit (not num-
bered) including a plurality of transistors 84 and a plurality
of second capacitors 86. In this example, every three tran-
sistors 84 are coupled to a second capacitor 86.

[0040] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be con-
sidered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:
1. A power-saving circuit for an active matrix liquid
crystal display (“L.CD”) panel, comprising:

a plurality of first capacitors, each first capacitor corre-
sponding to a data line of the LCD panel for collecting
electrical charge provided on an associated data line;

at least one set of second capacitors;

at least one set of transistors, each transistor of a set
corresponding to one of the plurality of first capacitors;
and

at least two control signals, each control signal corre-
sponding to a set of the at least one set of transistors and
corresponding to a set of the at least one set of second
capacitors, and each control signal functioning to
switch between a first and a second state to control the
operation state of an associated set of transistors,

wherein the at least two control signals switch to a first
state in a first sequence starting from a first control
signal to a last control signal, and then in a second
sequence starting from the last control signal to the first
control signal, the first sequence alternating with the
second sequence.
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2. The circuit of claim 1, wherein each second capacitor
of a set in response to a first state of an associated control
signal reaches a voltage level that is an average of a voltage
level of the each second capacitor held at a previous first
state of the associated control signal and a voltage level of
an associated first capacitor in proportion to the capacitance
values of the each second capacitor and the associated first
capacitor.

3. The circuit of claim 1, wherein each transistor includes
a gate coupled to an associated control signal, a first terminal
coupled to an associated first capacitor, and a second ter-
minal coupled to an associated second capacitor.

4. The circuit of claim 3, wherein the second terminals of
a subset of transistors of a set are coupled to a same second
capacitor.

5. The circuit of claim 1, wherein each first capacitor
includes a first capacitance value, and each second capacitor
includes a second capacitance value substantially the same
as the first capacitance value.

6. The circuit of claim 5, wherein the first and second
capacitance values are predetermined.

7. The circuit of claim 1, wherein the at least two control
signals include a first control signal and a second control
signal, and a voltage level of one set of second capacitors
associated with the first control signal swings between
V out2Vic and Veoy,, and a voltage level of the other set
of second capacitors associated with the second control
swings between Voo and Vo= Vi, Where Vo, IS a
voltage applied to a common electrode of the LCD panel,
and V; . is a voltage difference between a pixel electrode
and a common electrode of the LCD panel during a black-
scale image.

8. The circuit of claim 1, wherein a set of second
capacitors is formed between a data driver and a cell matrix
driven by the data driver of the LCD panel.

9. A power-saving circuit for an active matrix liquid
crystal display (“LLCD”) panel, comprising:

a plurality of first capacitors, each first capacitor corre-
sponding to a data line of the LCD panel for collecting
electrical charge provided on an associated data line;

a plurality of second capacitors;

a plurality of transistors, each transistor including a gate,
a first terminal coupled to one of the plurality of first
capacitors, and a second terminal coupled to one of the
plurality of second capacitors; and

a control signal coupled to the gates of the plurality of
transistors, and functioning to switch between a first
and a second state to control the operation state of the
plurality of transistors,

wherein each second capacitor in response to a first state
of the control signal reaches a voltage level that is an
average of a voltage level of the each second capacitor
held at a previous first state of the control signal and a
voltage level of an associated first capacitor in propor-
tion to the capacitance values of the each second
capacitor and the associated first capacitor.

10. The circuit of claim 9, wherein each first capacitor
includes a first capacitance value, and each second capacitor
includes a second capacitance value substantially the same
as the first capacitance value.

11. The circuit of claim 10, wherein the first and second
capacitance values are predetermined.
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12. The circuit of claim 9, wherein the second terminals
of a subset of the plurality of transistors are coupled to a
same second capacitor.

13. The circuit of claim 9, wherein the number of the
plurality of transistors is same as that of the plurality of
second capacitors.

14. The circuit of claim 9, wherein the a voltage level of
one of the second capacitors swings between Vooy+3Vic
and Vooy—Y3V; o Where Vi, 1s a voltage applied to a
common electrode of the LCD panel, and V; . is a voltage
difference between a pixel electrode and a common elec-
trode of the LCD panel during a black-scale image.

15. A method of power saving for an active matrix liquid
crystal display (“LLCD”) panel, comprising:

providing a plurality of first capacitors;

electrically coupling each first capacitor to a data line of
the LCD panel;

providing at least one set of transistors;

electrically coupling each transistor of a set to one of the
plurality of first capacitors;

providing at least one set of second capacitors;

electrically coupling each set of second capacitors to a set
of transistors;

providing at least one control signal;

electrically coupling each control signal to a set of tran-
sistors, each control signal functioning to switch
between a first and a second state to control the
operation state of an associated set of transistors;
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switching the at least one control signal to a first state in
a first sequence starting from a first control signal to a
last control signal such that voltage levels of a second
capacitor and an associated first capacitor are averaged
in proportion to their respective capacitance values; and

switching the at least one control signal in a second
sequence starting from the last control signal to the first
control signal such that voltage levels of a second
capacitor and an associated first capacitor are averaged
in proportion to their respective capacitance values.

16. The method of claim 15, further comprising repeating
the first and second sequences.

17. The method of claim 15, further comprising coupling
a gate of each transistor of a set to an associated control
signal, coupling a first terminal of the each transistor of a set
to an associated first capacitor, and coupling a second
terminal of the each transistor of a set to an associated
second capacitor.

18. The method of claim 15, further comprising coupling
the second terminals of at least two transistors of a set to a
same second capacitor.

19. The method of claim 15, wherein each first capacitor
includes a first capacitance value, and each second capacitor
includes a second capacitance value substantially the same
as the first capacitance value.

20. The method of claim 15, wherein the at least one set

of transistors includes amorphous or poly-crystalline thin
film transistors.
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