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Power consumption for driving a liquid crystal display is
reduced by connecting together row electrodes that are
going through opposite voltage transitions so that the
charges would cancel. After such charge cancellation, the
respective row electrodes are then driven to respective target
potentials by means of drivers. The row and/or column
electrodes of the liquid crystal display may also be con-
nected to storage capacitors so that the charges at these
electrodes may be stored in the capacitors where the charges
stored may be then reused subsequently to drive different
electrodes towards target potentials, to reduce power con-
sumption in the subsequent drive of the electrodes to their
target potentials.
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SYSTEM FOR DRIVING A LIQUID CRYSTAL
DISPLAY WITH POWER SAVING FEATURES

BACKGROUND OF THE INVENTION

[0001] This invention relates in general to circuits for
driving liquid crystal displays (LCDs), and in particular, to
asystem for driving liquid crystal displays requiring reduced
amount of power for operating the display.

[0002] LCD displays are used today for many different
purposes, including laptop/notebook computers, handheld
computers, cellular phones and personal digital assistants.
These displays typically include a two-dimensional matrix
of intersecting rows and columns of pixels, which are
formed by the overlapping areas between an array of row
electrodes intersecting an array of column electrodes
arranged transverse to the row electrodes when viewed from
a viewing direction by an observer. Images are displayed by
the LCD displays by altering the optical transmission char-
acteristics of a liquid crystal material layer disposed between
the array of row electrodes and array of column electrodes.
By applying suitable voltages between each row electrode
and each column electrode, the portion of the liquid crystal
layer at the pixel defined by the overlapping area between
the intersecting row and column electrodes at such pixel
would have a desired optical transmission characteristic so
that all the pixels together would display a desired image.

[0003] In a simple driving scheme, the LCD display is
driven by selecting or addressing one row of the display at
a time, during which control voltages are also applied to
each column electrode for altering or refreshing the image in
such row. The period during which each such row is selected
or addressed may be referred to as a “row drive period.” If
there are 480 rows in the row array, according to this simple
scheme, then there are typically 480 row drive periods for
displaying the entire complete image of the LCD display in
a complete display cycle. The full image of the LCD display
is also referred to as a field. For convenience in description
below, where a signal is used during a display cycle to
display a portion of a field, the signal may be said to be
displayed during such field; a row drive period of a display
cycle to display a portion of a field may be said to be a row
drive period during such field. After the completion of a
display cycle during which each row of the row array has
been selected or addressed for displaying a whole field, a
new display cycle begins, and the process is repeated to
refresh and/or update the displayed image.

[0004] The nature of liquid crystals is such that the appli-
cation of a steady DC voltage to the liquid crystal will, over
time, permanently change and degrade its physical proper-
ties. For this reason, it is common to apply voltages with
alternating polarities to the pixels of the LCD display in a
technique known as inversion.

[0005] An LCD display is typically addressed by means of
an array of row electrodes, whose direction may be referred
to as horizontal. In a general inversion scheme, the display
screen may be divided into an arbitrary number of horizontal
sections each addressed and covered by an arbitrary number
of corresponding row electrodes. If the pixels in a first
section of the display are driven with positive voltages, then
the pixels in the adjacent section will be driven with negative
voltages. During the next display cycle for the next field, the
polarities are reversed. The same can be said for other
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sections of the display. In other words, for displaying the
next field, the pixels in the rows of the first section are driven
with negative voltages and the pixels in the rows of the
adjacent section are driven with positive voltages during the
next display cycle, and so on.

[0006] Where there is only a single section, the above
general scheme is simplified and is known as a field inver-
sion scheme. Where the sections are addressed by and cover
the same number of row electrodes, the above general
scheme is simplified and is known as a row inversion
scheme.

[0007] Because of the above-described characteristics of
liquid crystals, the polarities of the voltages applied to the
row and column electrodes are constantly reversed, so that
a significant amount of power is consumed in the driver
circuits for driving these electrodes.

[0008] One of the most frequently heard complaints from
users of portable computers, cellular phones and personal
digital assistants is that these devices consume too much
power so that one has to constantly change batteries, which
is inconvenient. It is, therefore, desirable to provide a power
saving system for driving LCD displays used in such
devices.

SUMMARY OF THE INVENTION

[0009] In a typical driving scheme, the polarity of the row
scanning signal is inverted every number of rows. Thus, in
one simple driving scheme, the rows in the top half of the
screen are scanned in one polarity whereas the rows in the
bottom half of the screen are scanned in the opposite
polarity. The scheme can obviously be modified by dividing
the screen in other manners such as in thirds, fourths and so
on, where the row electrodes in each fractional portion is
scanned using signals of a polarity which is opposite to that
used for scanning the adjacent fractional portions of the
screen.

[0010] In a conventional row addressing scheme, the row
electrode transitioning from a first voltage to a second target
voltage will be driven by one driver and the another row
¢lectrode transitioning from the second voltage to the first
target voltage will be driven by another driver. One aspect of
the invention is based on the observation that, in any one of
the above-described driving schemes, at some portion of the
screen, there will be two rows undergoing opposite voltage
transitions in reference to a reference potential. According to
this aspect of the invention, by electrically connecting the
two row electrodes undergoing opposite voltage transitions
prior to connecting them to their respective drivers, power
consumption of the T.CD display will be reduced.

[0011] Thus, in an embodiment where the reference poten-
tial is at the halfway point between the first and second
potentials, by connecting two row electrodes together that
are undergoing opposite voltage transitions between the first
and second voltages, both row electrodes will end up at the
reference potential, so that their respective drivers will only
need to drive the two row electrodes from the reference
potential to their respective desired target potentials. Power
consumption is, therefore, reduced compared to the conven-
tional driving scheme.

[0012] 1In apassive LCD display, the overlapping portions
of the intersecting electrodes form opposing plates of a
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capacitor, so that the intersecting portions of the two arrays
of electrodes form a two-dimensional array of capacitors.
The optical transmission properties of a pixel are therefore
determined by the electrical potentials applied to the oppos-
ing capacitor plates of the intersecting row electrode and
column electrode that define such pixel. By controlling
electrical potentials applied to the opposing plates associated
with the pixel, the optical transmission properties of the
pixel are determined.

[0013] As noted above, because of the inherent properties
of liquid crystals, the electrical potentials of the row and
column electrodes are frequently caused to transition
between at least a first and a second electrical potential.
Another aspect of the invention is based on the observation
that, in a passive LCD display, by connecting at least one
electrode undergoing such transition to a storage capacitor at
an electrical potential between the two potentials, at least a
portion of the charge originally at the electrode will be
transferred to the storage capacitor. By means of such
transfer, the electrical potential of the electrode is also
brought closer to the value of the target electrical potential
it is transitioning to, so that the driver for driving the
electrode will only need to drive it by a reduced potential
difference, thereby reducing power consumption.

[0014] Power consumption can also be reduced in a pas-
sive LCD display by connecting one or more column
electrodes undergoing voltage transitions to a common node
to reduce power consumption. Thus, in one embodiment, if
a number of column electrodes are undergoing voltage
transitions, by connecting all of these electrodes to the row
electrodes that are not being scanned or addressed, this
causes the column electrodes undergoing voltage transitions
and the row electrodes that are not being scanned to be
electrically connected. This causes the charges on the oppo-
site plates of the capacitors formed by these column and row
electrodes to be discharged. The column electrodes will then
be at substantially the non-scanning potential of the row
electrodes. Power consumption will be reduced in subse-
quently driving these electrodes to their target potentials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1is a schematic front view of an LCD panel
and its row and column electrodes useful for illustrating the
invention.

[0016] FIG. 2 is a graphical illustration of voltages
applied to row and column electrodes of FIG. 1 useful for
illustrating the invention.

[0017] FIG. 3 is a schematic circuit diagram of three
representative circuits forming a portion of a control circuit
for driving the row electrodes of FIG. 1 to illustrate the
preferred embodiment of the invention.

[0018] FIG. 4 is a table illustrating the operation of the
circuits of FIG. 3.

[0019] FIG. 5 is a graphical illustration of the voltage
transitions of the row electrodes in accordance with the table
of FIG. 4.

[0020] FIG. 6 is a graphical illustration of three represen-
tative circuits forming a portion of a control circuit for
driving the row electrodes of FIG. 1 in an alternative
embodiment of the invention.
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[0021] FIG. 7 is a graphical plot of the waveform for
voltages of row electrodes achieved using the circuits of
FIG. 6.

[0022] FIG. 8 is a schematic circuit diagram of three
representative circuits forming a portion of a control circuit
for driving the column electrodes of FIG. 1 to illustrate
another embodiment of the invention.

[0023] FIG. 9 is a table for illustrating the operation of the
circuits of FIG. 8.

[0024] FIG. 10 is a graphical plot of the waveform of the
voltage transitions of the column electrodes to illustrate the
operation of the circuits of FIG. 8.

[0025] FIG. 11 is a graphical illustration of voltages
applied to row electrodes of FIG. 1 useful for illustrating a
row inversion scheme.

[0026] For simplicity in description, identical components
of this application are identified by the same numerals.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] Referring to FIGS. 1 and 2, a typical configuration
of passive LCD and its driving waveform is illustrated. As
demonstrated in the LCD panel 10 of FIG. 1, panel 10
includes an array 12 of n elongated row electrodes and their
respective nodes COM1, COM2, COM3, . . ., COMn where
the ith (i=1, 2, . . . n) row electrode is connected to the node
COMi at voltage Vg, and an array 14 of m elongated
column electrodes and their respective nodes SEG1, SEG2,
... SEGm where the jth (j=1, 2, . . . , m) column electrode
is connected to the node SEGj at voltage Vgrg;, where n, m
are positive integers The two arrays of electrodes are
arranged transverse to one another so that each row elec-
trode intersects and overlaps each column electrode at an
overlapping area, where the overlapping area when viewed
in a viewing direction by a viewer (such as the direction 16
perpendicular and into the plane of the paper in FIG. 1)
defines a pixel, such as pixel ij or ijth pixel at the ith row and
jth column at the intersection of the ith row and jth column
electrodes as shown in FIG. 1.

[0028] The overlapping portions of the ith row and jth
column electrodes form an opposing pair of capacitor plates
with a layer of liquid crystal material (not shown) in between
which is substantially co-extensive with the arrays 12, 14 in
panel 10. By applying the appropriate electrical potentials or
voltages to the ith row and jth column electrodes through
their respective nodes, COMi, SEG;j, the opposing capacitor
plates at the ijth pixel are set to desired electrical potentials
so that the layer of liquid crystal material between the plates
experiences a certain electric field, causing the optical
transmission of the ijth pixel to be of a desired value.

[0029] FIG. 2 is a graphical illustration of voltages
applied to row and column electrodes of FIG. 1 in a field
inversion scheme useful for illustrating the invention, where
two complete display cycles for displaying the 2xN and
2xN+1 fields are shown. To simplify the description, the
simplified waveforms of FIG. 2 are suitable for driving a
LCD display with 10 rows, where only one row is addressed
or scanned at one time, so that each display cycle has 10 row
drive periods, each for driving a corresponding row elec-
trode. In FIG. 2, where vertical axis represents voltage, and
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the horizontal axis time, the data signals Vgg; are “0s” and
“1s” and are also drawn as the overlapped shaded region
over the Vo signals to illustrate relative relationships
between these two sets of signals. For convenience, row and
column electrodes are also referred to below as COM and
SEG electrodes respectively, and the selection (addressing)
and data signals applied thereto the COM and SEG signals
or pulses respectively.

[0030] InFIG. 2, when the ith row electrode is scanned in
the 7th row drive period during field 2xN, node COM:i is at
V., and the remaining row electrodes are at V,. In the
remaining 9 row drive periods when the ith row is not
addressed or scanned during the cycle for field 2xN, node
COM.i is also at the potential V,. Similarly, when the (i+1)th
row electrode is scanned in the 8th row drive period during
cycle for field 2xN, node COMi+1 is at V,, and the
remaining row electrodes are at V,. In the remaining 9 row
drive periods when the (i+1)th row is not addressed or
scanned during cycle for field 2xN, node COMi+1 is also at
the potential V,. Thus during cycle for field 2xN, the
scanning potential or voltage is V4 and the non-scanning
potential or voltage is V,. During cycle for field 2xN+1,
when the ith row electrode is scanned in the 7th row drive
period, node COMi is at V, and the remaining row elec-
trodes are at V. In the remaining 9 row drive periods when
the ith row is not addressed or scanned during cycle for field
2xN+1, node COMi is also at the potential V. Thus during
cycle for field 2xN+1, the scanning potential or voltage is V,
and the non-scanning potential or voltage is V. As shown in
FIG. 2, the scanning and non-scanning potentials of the ith
and (i+1)th row electrodes are the same, but the scanning
potential is applied to the (i+1)th row electrode one row
drive period later than that applied to the ith row electrode.
From the above, it is seen that the non-scanning potential for
the row or COM electrodes alternates between V, and Vs,
and may be accomplished by using a switch to alternately
connect node COMI to voltage sources at V, and V., in the
manner shown in FIG. 8 described below.

[0031] During the display cycle for field 2xN, the poten-
tials of the column electrodes may be at V; or V5, and during
cycle for field 2xN+1, the potentials of the column elec-
trodes may be at V, or V, depending on the value of the data
applied to such column electrodes. In other words, the
potentials of the column electrodes “float” about the non-
scanning potentials for the row electrodes during the display
cycle for such field. Thus during the cycle for field 2xN
where data signal Vggg; is “07, this means that the jth
column electrode is at Vj, so that the potential difference
V-V is inadequate to turn on the pixel. But where data
signal Vggg; is “17, this means that the jth column electrode
is at V, so that the potential difference V,-V, between the
ith row electrode and the jth column electrode is adequate to
turn on the pixel. During the cycle for field 2xN+1 where
data signal Vgp is “07, this means that the jth column
electrode is at V,, so that the potential difference V,-V, is
inadequate to turn on the pixel. But where data signal Vg,
is “17, this means that the jth column electrode is at V., so
that the potential difference V-V is adequate to turn on the
pixel. The SEG and COM signals combine with each other
to produce pixel charges of opposite polarity between even
fields and odd fields. In other words, the optical transmissive
characteristics of the corresponding pixel change in response
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to the absolute (root mean square) value of the potential
differences between the corresponding overlapping COM
and SEG electrodes.

[0032] From the waveform of these signals, it is observed
that during the successive row selection COM pulses, sig-
nificant voltage difference between the row or COM elec-
trode being scanned and the column electrodes SEG1~SEGk
carrying data is developed. Due to the capacitive loading
characteristics of LCD pixel cells (i.e. capacitance between
the opposing capacitor plates of the pixel), these voltage
swings will require significant charges to be pumped into or
out of the addressed row of pixels. The straight forward and
conventional implementation is to connect output drivers
directly to the COM electrodes of LCD and, therefore, will
consume significant power in the output during these charge
transferring operations.

[0033] Referring to FIG. 2, it will be observed that for
each row selection process, there is always a pair of COM
electrodes going through opposite transitions, such as indi-
cated by the pairs of ellipses 22, 24 in FIG. 2, with
substantially the same magnitude V,-V or V;-V; of voltage
swing, but in the reverse or opposite directions relative to the
shaded SEG signals. As will also be observed in FIG. 2,
even though the i™ and the (i+1)™ rows are scanned by
signals of the same polarity, it will be understood that in any
row inversion scheme, at least two rows (although they may
not be adjacent to each other) will be found where their
addressing signals are undergoing opposite voltage transi-
tions substantially simultaneously. Such and other variations
are within the scope of the invention.

[0034] This invention introduces a new driving scheme to
take advantage of these pairing of transitions which utilizes
a new circuit configuration for the output stage and a charge
conserving operating procedure that can save up to % or
more of the charges required to complete the necessary
COM electrode swings.

[0035]

[0036] FIG. 3 is aschematic circuit diagram of circuits for
driving the row electrodes of FIG. 1 to illustrate the pre-
ferred embodiment of the invention. In FIG. 3, ¢ is any
integer greater than 1 and less than n. Referring to the
schematic in FIG. 3, the switch action table in FIG. 4
applies to a pair of row electrodes (e.g. the ith and (i+1)th
row electrodes in FIG. 2). As shown in FIG. 4, an “X: in the
table indicates that the corresponding switch in the left
column is closed at the time indicated in the top row, and a
blank indicates that the corresponding switch in the left
column is open at the time indicated in the top row. For
example, for the positive going transition, the switch SNi is
closed at time t0, but open at other times (t1, t2, t3). The
expected voltage waveform of the pair is shown in FIG. 5.
Instead of connecting COMi electrode driving signal (Vi)
directly from the output driver OD (symbolized as a triangle
in the schematics) to the ith COM electrode (COMI), this
invention introduces three additional phases of operation via
the introduction of four switches: Si, SPi, SNi, and SCi.
FIG. 5 illustrates the voltage transitions for a pair of COM
electrodes going through opposite transitions such as the one
illustrated in FIG. 2 and highlighted by the ellipses 22, 24
in FIG. 2.

[0037] As demonstrated by the example shown in FIG. 5,
the operation of the presently proposed driving scheme
introduces three additional phases:

Circuit Schematics and Operation
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[0038] t0~t1: Storage phase: Charges are stored into
proper storage capacitor. In the case shown for field
2xN in FIG. 2, in ellipses 22, the ith row electrode
transitions from V to V,, and the (i+1)th row elec-
trode transitions from V, to V.. Thus the ith row
electrode is connected to capacitor Cn at time t0, and
transfers a portion of its negative charge to Cn, so
that at time t;, it is at potential V__;. The (i+1)th row
electrode is connected to capacitor Cp at time 10, and
transfers a portion of its positive charge to Cp, so that
at time t1, it is at potential V_,

[0039] t,~t,: Reset phase: The pair of opposite going
COM electrodes are connected together to neutralize
the remaining opposite charges of each other so that
at time t2, they are at potential V.

[0040] t2~t3: Transfer phase: The charges of the
storage capacitors are transferred to the appropriate
COM electrodes. Thus for ellipses 22 in FIG. 2, the
positive charges of capacitor Cp are transferred to
the ith row electrode to cause its potential to be V3,
and the negative charges of capacitor Cn are trans-
ferred to the (i+1)th row electrode to cause its
potential to be V.

[0041] (3~ Drive phase: Driving voltage is applied
by connecting the drivers OD to the respective COM
electrodes (like conventional scheme) to drive the
potential of the ith row electrode to V, and the
potential of the (i+1)th row electrode to V. Only a
portion of this phase is illustrated in FIG. 5. The
same phases apply to ellipses 24 for the field 2xN+1.

[0042] The operation of each switch is as demonstrated in
FIG. 4. As shown by the example illustrated in FIG. 5, with
the present scheme, the output drivers OD will only need to
supply charges to the COM electrodes for the transition from
Vs to Vi for the negative going COM electrode and from
Vs 1oV, for the positive going COM electrode.

[0043] When the capacitances of storage capacitors (Cp
and Cn) are increased relative to the capacitive loading (C;)
as seen from each COM electrode, the gap from V,; to
V., and from Ve, to V3 will be gradually reduced.
Assuming Cp, Cn>>C;, then it is expected Vi, =V,
Venr=Veus, and |ch3 Vol Veus= Vo= V.- VT Under
such circumstance, a reduction of approximate 75% of the
charges flowing through output drivers to COM electrodes is
possible, as compared to conventional direct drive mecha-
nism.

[0044] The statement “a pair of COM electrodes going
through opposite transition” can refer to any pair of adjacent
COM electrodes, ie. COM; and COM,,, in FIG. 2, or
between the first electrode COM, and the last electrode
COM,, or any other sequence of COM scanning order.

[0045]

[0046] Another simplified version of the present invention
is illustrated in FIG. 6 and FIG. 7. This modified driving
scheme is to utilize only the switches Si, SCi and do without
storage capacitors Cp, Cn and their associated switches SPi
and SNi. The switch table of FIG. 4 is simplified by
eliminating the entries for t0 and t2 and the associated
waveform for the COM electrode is illustrated in FIG. 7.

Alternative Embodiment
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[0047] As illustrated in the COM waveforms in FIG. 7,
under this simplified scheme, due to the charge cancellation
effect of the reset stage (time t1 to t3), the output driver will
only need to supply current for the second half of the
transitions (after time t3). Therefore when compared to
conventional schemes where output drivers are connected
directly to the COM electrodes to drive them from V, to Vg,
or from V to V,, this approach has the potential of saving
50% of charges required to be pumped into/out of the COM
electrodes by the output drivers. However, due to the lack of
the storage capacitors Cp and Cn and the associated charge
storage and transfer process, this simplified configuration
cannot generate the higher 75% of power saving which is
possible under the more elaborated scheme. Since the two
row electrodes undergoing opposite voltage transitions
between V, and V¢ have substantially the same amplitude, it
is possible to connect them and cancel their charges so that
they are at the common mid-point voltage value between V,
and V.

[0048]

[0049] Tt is also possible to omit the phase where the row
electrodes are connected to cancel their charges, such as by
omitting the entry under time t, in FIG. 4. It is also possible
to employ a single capacitor or more than two capacitors
rather than two capacitors Cp, Cn, with or without charge
cancellation by connecting the pair of row electrodes. By
using more than two capacitors, it is possible to reduce
power consumption by more than 75%, at the expense of
using more capacitors and more switches. Since power is
also required for operating the additional switches, there
may be a point of diminishing returns when more capacitors
and switches are used. Such and other variations are within
the scope of the invention.

[0050]
[0051]

signals Vs are “0s” and “1s” and are also drawn as the
overlapped shaded region over the Vg signals to illus-
trate relative relationships between these two sets of signals.
From the waveform of these signals it is observed that
during the successive row selection COM pulses, and
between different fields of Vg, signal, the COM and SEG
electrodes experience significant voltage sweeps as a result
of charges pumped into or out of the addressed row of pixels.
The conventional implementation is to connect output driv-
ers directly to the COM and SEG electrodes of the LCD
panel 10 and, therefore, will consume significant power in
the output drivers during these charge transferring opera-
tions.

[0052] In the conventional driving scheme, SEG elec-
trodes are connected directly to one of the proper driving
voltages, such as V, or V, during even fields (field 2xN and
V, or V, during odd fields (2xN+1). Under such driving
scheme, all transitions between these voltages will be con-
sequences of these direct charging or discharging operations
through one of the voltage sources, and therefore consume
power.

[0053] Vo is the non-scanning voltage applied to the
COM electrodes (i.e. V, in FIG. 2 during the even fields and
V during the odd fields) that are not selected or addressed.
It is observed that, from the perspectives of SEG electrodes,
the value Vgpg—Voon may be mathematically represented
by the following formula which uses the convention of the
C programming language:

Other Embodiments

Column Electrodes

Referring again to FIG. 2, the data signals, the data

(DHEFE)D(Dt_ BT _)x(DEEF) 2+1:-1)x2xVd )
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[0054] where
[0055] ¢ is logic operation XOR
[0056] Dtiis the data driving a certain SEG electrode
SEGk in row drive period i
[0057] Fti is the field value (O for even, 1 for odd) in
row drive period 1
[0058] Tt is also assumed that the voltage difference
between each of the pairs V, V,; V,, V,; V, Vi Vo
V, are all Vd.
[0059] The first part (DtiFt)@(Dti_,BF_,) of the above

formula calculates whether there will be a change of SEG
signal relative to Vcom (transition detector, TD). As can be
observed and can be easily deduced, there are two possi-
bilities for this portion of the formula to produce a 1. One
situation is when Fti is different from F_; (i.e. field changed
between even and odd) while Dti and D_; are the same. The
other condition is Dti and D_; are different while Ftiand F_;
are the same.

[0060] The second part of the formula, namely
((DtigFti)?+1:-1), employs the notation where (expression
1?7 expression 2:expression 3) means that if expression 1,
then expression 2, else expression 3. The second part of the
formula ((DtidFti) ?+1:-1) calculates the direction of the
voltage between Vseg and Veom (direction detector DD),
which depends on the field and on the data at time Ti and
Ti-1.

[0061] The third part of the formula is the magnitude of
the change, which will be a constant, depends on voltage
difference between Vg, Vs, V, and V,, V,, V. To simplify
the discussion, the difference between each pair of these
voltages V,, V,; V,, V43 V,, Vg Vo, V. are assumed to be
the same value Vd.

[0062] Although the action of COM electrode scanning is
ignored in the above formula, however, due to the fact that
1) COM scanning represents an orthogonal operation rela-
tive to SEG electrode driving, and 2) in practical graphics
type matrix LCD, the number of COM electrodes are
generally significantly higher than 10, and only one of these
COM celectrodes will be going through the scanning opera-
tion at any time, the error produced by the simplification is
negligible for the purpose of calculating SEG electrode
current behavior.

[0063] Now, consider the circuit shown in FIG. 8, where
switches S, SP, SN and SC are controlled by a pair of
detectors (transition detector, TD and direction detector,
DD) implemented for each SEG electrode using the formula
given above. To simplify FIG. 8, the connections between
DD and the switches S, SP, SN and SC have been omitted.
TD has inputs Dti, Fti, D_; and F_, (not shown), and DD has
inputs Dti and Fti (not shown). TD and DD may be imple-
mented in a manner known to those in the art in view of the
functional expressions for TD and DD in equation (1) above.
A plurality of pairs of detectors TD, DD are employed, each
of the pairs of detectors for detecting a corresponding
column electrode, where each of the pairs of detectors is
used to detect condition of the corresponding column elec-
trode according to equation (1) above.

[0064] If TD output is O for certain SEG electrodes, then
its corresponding switch S will remain in the CLOSE (X)
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position, and SP, SN and SC will remain in the OPEN
positions. No switching action will happen to this SEG
electrode during this time slot. If TD output is 1 for an SEG
electrode, then depending on the output of its corresponding
DD, switches SP/SN/SC will engage in a sequence of
switching activities (FIG. 9) to produce a 4-phase charge
conserving driving scheme (FIG. 10).

[0065] Referring to the schematic in FIG. 8, and the
switch action table in FIG. 9 and the expected waveform in
FIG. 10, instead of connecting SEG electrode driving signal
(Vi) directly from. the output driver (symbolized as a
triangle in the schematics) to SEG electrodes (SEGi), this
invention introduced three additional phases of operation via
the introduction of four switches: Si, SPi, SNi and SCi. FIG.
10 illustrates the voltage wave forms for SEG electrodes
going through different transitions during certain COM row
drive periods.

[0066] As demonstrated by the example shown in FIG.
10, the operation of the presently proposed driving scheme
introduced three addition-a phases to the conventional one
phase scheme:

[0067] tO~t1: Storage phase: Charges from the SEG
or column electrodes are stored into proper storage
capacitor.

[0068] t1~t2: Discharge phase: All SEG electrodes
going through transition are connected to a common
node Veom. All of the row electrodes except for the
one(s) being scanned or addressed are driven by the
voltage at Vcom. Thus, the charges on the opposite
plates of the capacitors formed by the row electrodes
that are not scanned and by the column electrodes
going through transtions will be discharged. This
neutralizes substantially all of the capacitors affected
by the column transitions except for those forming
parts of the row electrode(s) being addressed.

[0069] t2~t3: Transfer phase: The charges of the
storage capacitors are transferred to proper SEG or
column electrodes.

[0070] t3~: Drive phase: Driving voltages are con-
nected to the SEG electrodes (like conventional
scheme). Only a portion of this phase is illustrated in
FIG. 10.

[0071] The operation of ¢ach switch 1s as demonstrated in
FIG. 9, in which the convention of FIG. 4 for indicating the
“closing” and “opening” of switches at particular times is
adopted. As shown by the example illustrated in FIG. 10,
with the present scheme, the output drivers will only need to
supply charges to the SEG electrodes for the transition from
Vs to =Vd for the negative going SEG electrodes and from
Vps to +Vd for the positive going SEG electrodes. Node
Veom is connected to voltage sources at V, and Vs alter-
nately through a switch 30, where the voltage at the node
may be used to supply the non-scanning voltage for the row
electrodes. By connecting the node Vcom to the capacitors
Cp, Cn as shown in FIG. 8, the potentials applied to the
column electrodes through Cp, Cn, and the potentials of Cp,
Cn, are caused to float about the non-scanning potential (V,,
Vs in FIG. 2) applied to the row or COM electrodes. The
column electrodes thus undergo opposite voltage transitions
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in reference to the non-scanning potential (at V,, or Vs in the
example above) which is between the two target potentials
(V1> VB’ V4>V6)'

[0072] In typical STN LCD applications, such as cellular
phone display, the displayed graphics data is changed rela-
tively infrequently. For static graphics pattern assuming the
capacitances of Cp and Cn are significantly larger than the
SEG loading capacitance C; ., (for example, Cp=Cn=30x
SUM (Cy oap Of all SEG electrodes)), then, due to the exact
symmetry of SEG signals between the even and odd fields,
mathematical simulation indicates that the voltage across Cp
and Cn will gradually approach (stabilized to) a symmetrical
pair of values:+Vd/2.

[0073] 1t is also possible to simplify the above described
driving scheme by eliminating the discharge phase and the
associated switches (SC) without significantly affecting the
effectiveness of the scheme. In such simplified scheme,
assuming C, and C, are both sufficiently larger than C; o,
then the stabilized value for C, and C, will be close o
+Vd/3, and V, and V_; are substantially the same (equal
to V. )and so are V, and V; (equal to V). Therefore a
theoretical maximum charge conversion ratio of 66% is
achievable. Referring to FIG. 10, the SEG drivers only need
to drive the SEG electrodes after t3, from V_ to =V or from
V,, to +V,;, and therefore only need to provide charges for
¥ of the 2xV total voltage transitions.

[0074] Alternatively, as in the case of row or COM elec-
trodes illustrated in FIGS. 6, 7, it is also possible to
eliminate the phases where the column electrodes are con-
nected to capacitors, leaving only the discharge phase. In
such instance, a theoretical maximum charge conversion
ratio of 50% is achievable.

[0075]

[0076] The general charge saving scheme for passive LCD
can be based on either one of the following phenomenon:

[0077] During one row drive period, there is one pair
of transitions of opposite polarity (such as the case of
COM electrode scanning, during the transition from
one row electrode to the next row electrode as
illustrated by ellipses 22, 24 of FIG. 2).

[0078] For mostly static images, due to the zero DC
requirement for LCDs explained above, across two
fields (one positive polarity voltage is applied to a
pixel for one field, one negative polarity voltage is
applied to the same pixel for the next field), the
signal applied to the pixel(s) is largely of equal
amplitude and of opposite signs. (Such as the case of
SEG charge saving scheme.)

Generalized Scheme

[0079] A generalized charge saving scheme can be
described as:
[0080] Between the two target voltages of these tran-

sitions (e.g. Vs~V,, or V,~V, for the COM transi-
tions and V~V, or V;~V , for the SEG transitions)
there can be N storage capacitors (preferably the
capacitance value of each of the capacitors should
be>>the load capacitance). For ease of discussion,
the N capacitors are CN~C1, and they are arranged
in sequence such that the voltage of CN will, for
example, have stabilized voltage closest to V and
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the voltage of C1 will be stabilized close to V,, for
the V,~V, COM transition.

[0081] The COM electrode transition from Vg to V,
will be achieved by first connecting the electrode to
CN and then sequentially to CN-1, . .., C1. And for
V.~V transition, the electrode will be connected
sequentially to C1,. . ., CN. The same scheme may
be applied for SEG or column electrode transitions
between V;~V5, and V,~V,. It should be noted that,
for the capacitors for storing and re-using charges for
the SEG electrodes, the reference potential is floating
(for example, referenced to the non-scanning poten-
tial of the COM electrodes) and not to ground.

[0082] Assuming CN~C1 capacitance is>>total loading
capacitance, then after a finite stabilizing period of time,
these N charge storage capacitors (C1~CN) for the COM
electrodes will stabilize to a situation where V>V >V on-
V> - - >V;=V,. By connecting the capacitors to Vcom
(at V,, V5 in FIG. 2), the same reasoning would apply to the
SEG electrodes where the N charge storage capacitors
(C1~CN) for the SEG electrodes will stabilize to a situation
where V=Vep=Ven—Venoi= - - - =V —~(=V,). After the
system is stabilized, the charge saving ratio will equal to
1/N+1; that is, if N capacitors are used, only the last step of
amplitude 1/(N+1) of total voltage swing transition will
require driving current from (COM/row or SEG/column)
driver. The spacings or steps between the potentials of the
capacitors are practically equal for small values of N, such
as where N is less than 4.

[0083]

[0084] In the generalized scheme, the number of switches
required is proportional to the number of stages for the
charge saving. In general, an N stage charge saving scheme
requires N-1 capacitors and N switches. However, this is
only a rule of thumb, and can vary based on design consid-
erations. Examples are given above for both the COM and
SEG charge saving schemes.

Circuit Schematic

[0085] Difference between COM(Row) and SEG (Col-
umn) Scheme
[0086] The observed difference between the two disclosed

schemes is mainly in the interpretation of the voltage swing.
In the case of COM (row) charge saving, the reference is to
a stable voltage (e.g. GND), while in the case of SEG
(column) charge saving, the reference is to a moving voltage
(e.g. V, or Vy). If the perspective taken is one seen from the
“majority of the pixels”, then there is no difference between
these two schemes. In the case of SEG electrodes, the
“majority” of the corresponding COM electrodes oscillate
between two potentials ( e.g. V, and V). When seen from
these “majority” of the corresponding COM electrodes, the
voltage swings of the SEG electrodes again are in reference
to a stable voltage.

[0087] Therefore, one important observation upon which
this invention is based is that the charge saving capacitors
need to connect to a “neutral” reference point relative to
transition nodes. In the case of the COM electrodes this
“neutral” reference can be the ground voltage, while for the
SEG electrodes this “neutral” reference should be the “non-
scanning” voltage for COM electrode, which is V, or V5 in
the examples given above, depending on the current polarity
of display.
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[0088]

[0089] When the pair of opposite transitions happens at
the same time (¢.g. the COM/row scanning operation in
ellipses 22, 24 shown in FIG. 2) and when the desired
charge saving ratio is 1/N where N is an even number, then
the required number of capacitors is N-2, rather than N-1.
This is accomplished by replacing one of the steps by
connecting the two opposite going electrodes together
instead of connecting to a charge saving capacitor, which
would otherwise be required and have a stabilized voltage
very close to (Vg+V,)/2. A specific N=4 casc has been
demonstrated for the COM charge saving scheme above, as
well as the special case of N=2 which requires no capacitor
at all.

[0090] Applicable to both Field Inversion and Row Inver-
sion Driving Scheme

[0091] The above generalized charge saving scheme is
equally applicable to LCDs operated with the Field Inver-
sion LCD Driving Scheme and with the Row Inversion LCD
Driving Scheme. FIG. 11 is a graphical illustration of an
electrical potential signal which may be applied to row
electrodes of FIG. 1 useful for illustrating a row inversion
scheme. The voltage waveform illustrated in FIG. 11 is
suitable for a row inversion scheme where the voltage or
potential of the addressing signal applied to the row or COM
electrodes are inverted between adjacent sets of three adja-
cent row or COM electrodes each. In reference to FIG. 11,
each field (2xN, 2xN+1) is covered by 15 row electrodes
broken into five sets of three row electrodes each, arranged
in an array. The waveform shown in FIG. 11 is the one
suitable for addressing or scanning the middle one of the
second set of three adjacent row electrodes in the array. For
field 2xN, the scanning pulse 52 for addressing this elec-
trode is negative going whereas for field 2xN+1, the scan-
ning pulse 34 is positive going. Thus, for addressing or
scanning the first row electrode in the second set to be
addressed, the scanning pulse would occur one row drive
period before pulses 52, 54 shown in FIG. 11, and that for
addressing or scanning the last row electrode in the second
set, the addressing or scanning pulse would occur after
pulses 52, 54 in FIG. 11. Aside from such differences, the
waveform of the voltage signals applied to the two remain-
ing (first and last) row electrodes in the second set are
similar to that shown in FIG. 11 for the middle row
electrode.

[0092] In FIG. 11, the voltage signal illustrated-has a
reference potential V. For the first and third sets of three
adjacent row electrodes in the array of five sets of row
electrodes, the waveform of the potentials applied to these
sets will be inverted from that shown in FIG. 11, where the
voltage waveform applied to the second row electrode in the
first and third sets would resemble that shown in FIG. 11 but
inverted from it about the line V. Thus, for adjacent row
electrodes in two different sets in the array, different non-
scanning potentials are applied to them. As will be evident
to those in the art, all of the features described above
illustrated using the field inversion scheme are applicable to
LCDs using row inversion schemes, including the one
illustrated in FIG. 11.

[0093] Equation (1) has been described above in reference
to a field inversion scheme, where all of the COM electrodes
are driven with signals of the same polarity, but they are

Special Situation
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driven with signals of opposite polarities between even and
odd fields. In the row inversion scheme, different row
electrodes undergoing opposite transtions are driven with
signals of opposite polarities. Therefore, an analogy may be
drawn between the two schemes, and equation (1) is appli-
cable to row inversion schemes by replacing the field
indicator Fti, Fti-1 by polarity indicator Pti, Pti-1, so that
the modified equation (1) may be applied across different
row electrodes undergoing opposite transtions in the row
inversion scheme. In fact, a general formulation is arrived at
by such modification, since field inversion also calls for the
signals applied across even and odd fields to be of opposite
polarities.

[0094] Portions of control circuits for driving the row and
column electrodes of FIG. 1 are illustrated in FIGS. 3 and
8. The entire control circuit for driving the row or column
electrodes may be implemented in the form of an integrated
circuit. While the capacitors Cp, Cn may be implemented as
a part of the integrated circuit for the control circuit, it may
be desirable to implement the capacitors in the form of
discrete components, especially where capacitors of large
value capacitances are used.

[0095] While the invention has been described above by
reference to various embodiments, it will be understood that
changes and modifications may be made without departing
from the scope of the invention, which is to be defined only
by the appended claims and their equivalents.

What is claimed is:

1. A method for driving a liquid crystal display, said
display comprising an array of elongated row and an array
of elongated column electrodes arranged transverse to the
row electrodes, wherein overlapping areas of the two arrays
of electrodes define pixels of the display when viewed in a
viewing direction, said method comprising:

applying electrical potentials to the two arrays of elec-
trodes to cause the display to display desired images,
wherein two of the row electrodes substantially simul-
taneously undergo opposite voltage transitions in ref-
erence to a reference potential; and

electrically connecting said two row electrodes undergo-
ing opposite voltage transitions to reduce power con-
sumption.

2. The method of claim 1, wherein said applying applies
electrical potentials to the array of row electrodes so that
pairs of row electrodes are caused to undergo opposite
voltage transitions in reference to the reference potential,
and wherein said connecting connects each of said pairs to
reduce power consumption.

3. A method for driving a liquid crystal display, said
display comprising an array of elongated row and an array
of elongated column electrodes arranged transverse to the
row electrodes, wherein overlapping areas of the two arrays
of electrodes define pixels of the display when viewed in a
viewing direction, said method comprising:

applying electrical potentials to the two arrays of elec-
trodes to cause the display to display desired images,
wherein said applying applies scanning electrical
potentials to at least one of the row electrodes, and
non-scanning electrical potentials to the remaining row
electrodes, said non-scanning electrical potentials
being applied by means of voltage at a node; and
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electrically connecting at least some of said column
electrodes to the node to reduce power consumption.

4. The method of claim 3, wherein the row electrodes and
the column electrodes form opposing plates of a two dimen-
sional array of capacitors, and wherein said applying also
applies data potentials to the column electrodes for display
of images at the pixels, thereby applying said potentials to
the opposing plates of the capacitors in the array of capaci-
tors.

5. The method of claim 4, wherein the electrically con-
necting causes charges on the opposite plates of the capaci-
tors connected to the node to be discharged.

6. The method of claim 3, wherein said at least some of
the column electrodes undergo opposite voltage transitions
in reference to the non-scanning potential.

7. The method of claim 6, wherein said at least some of
the column electrodes undergo opposite voltage transitions
between two potentials, and wherein the non-scanning
potential is between the two potentials.

8. The method of claim 6, wherein the non-scanning
potential varies with time during the display of images.

9. The method of claim 8, wherein the non-scanning
potential is alternately switched between two different val-
ues in successive display cycles.

10. The method of claim 8, wherein the non-scanning
potential is alternately switched between two different val-
ues, and wherein non-scanning potentials applied to adjacent
row electrodes are different.

11. The method of claim 3, wherein the electrical poten-
tials are applied to achieve a row or field inversion scheme.

12. The method of claim 3, further comprising detecting
a condition where one of the column electrodes would
undergo voltage transitions prior 1o the connecting.

13. The method of claim 12, said method being performed
using a plurality of detectors, each of the detectors for
detecting a corresponding column electrode, said detecting
including using each of the detectors to detect said condition
of the corresponding column electrode.

14. The method of claim 12, wherein said connecting
connects only the column electrode(s) that would undergo
voltage transition(s) to the node.

15. A method for driving a liquid crystal display, said
display comprising an array of elongated row electrodes and
an array of elongated column electrodes arranged transverse
to the row electrodes, wherein the row electrodes and the
column electrodes form opposing plates of a two dimen-
sional array of capacitors, and wherein overlapping areas of
the two arrays of electrodes define pixels of the display when
viewed in a viewing direction, said method comprising:

applying electrical potentials to the two arrays of elec-
trodes, wherein said applying applies scanning and
non-scanning potentials to the row electrodes and data
potentials to the column electrodes for display of
images at the pixels, thereby applying said potentials to
the opposing plates of the capacitors in the array of
capacitors, and wherein at least one of the electrodes in
one of the two arrays undergoes a voltage transition
between a first and a second electrical potential, the first
electrical potential being higher than the second elec-
trical potential;
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wherein said applying includes:

(a) connecting the at least one electrode sequentially to
at least a first capacitor, the first capacitor being at an
electrical potential between the two potentials; and

(b) connecting the at least one electrode to at least one
driver after connection to the at least first capacitor.

16. The method of claim 15, wherein said connecting in
(a) connects the at least one electrode sequentially to at least
a first and a second capacitor, wherein the first capacitor is
at a higher electrical potential than the second capacitor, so
that when the at least one electrode transitions from the first
potential to the second potential, it is connected first to the
first capacitor and then to the second capacitor, and when the
at least one electrode transitions from the second potential to
the first potential, it is connected first to the second capacitor
and then to the first capacitor.

17. The method of claim 16, wherein the column elec-
trodes undergo opposite voltage transitions in reference to
the non-scanning potential, and wherein the applying applies
the non-scanning potential to the at least first and second
capacitors.

18. The method of claim 16, wherein the first potential is
higher than a reference potential of the capacitors and the
second potential is lower than the reference potential, and
wherein said reference potential is substantially the non-
scanning potential.

19. The method of claim 18, wherein said non-scanning
potential is switched between two different potentials, so
that said reference potential is also switched between said
two different potentials, and so that the potentials of the
capacitors float with the non-scanning potential

20. The method of claim 15, further comprising detecting
a condition where at least one column electrode would
undergo voltage transitions prior to connecting such column
electrodes in (a).

21. The method of claim 20, said method being performed
using a plurality of detectors, each of the detectors for
detecting a corresponding column electrode, said detecting
including using each of the detectors to detect said condition
of the corresponding column electrode.

22. The method of claim 20, wherein said connecting in
(a) connects to at least the first capacitor only the column
electrode(s) that would undergo voltage transition(s).

23. The method of claim 15, wherein at least one of the
electrodes in said one of the two arrays undergoes voltage
transitions between the first and second electrical potentials,
and wherein said connecting in (a) connects the at least one
electrode to up to N capacitors at different electrical poten-
tials, N being an integer greater than 1, so that when the at
least one electrode undergoes transition from a higher elec-
trical potential to a lower one is connected sequentially to
two or more of the capacitors in descending order of their
electrical potentials, and when the at least one electrode
undergoes transition from a lower electrical potential to a
higher one is connected sequentially to two or more of the
capacitors in ascending order of their electrical potentials.

24. The method of claim 23, wherein said applying causes
at least one pair of row electrodes to substantially simulta-
neously undergo opposite voltage transitions in reference to
a reference potential, and causes such pair to be electrically
connected to reduce power consumption.

25. The method of claim 15, wherein said applying causes
column electrodes undergoing transitions to be connected to
a node to reduce power consumption.

26. The method of claim 25, wherein the non-scanning
potential being applied by means of a voltage at the node.
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27. The method of claim 15, wherein the column elec-
trodes undergo opposite voltage transitions in reference to
the non-scanning potential.

28. The method.of claim 27, wherein the column elec-
trodes undergo opposite voltage transitions between the two
potentials, and wherein the nonscanning potential is between
the two potentials.

29. The method of claim 27, wherein the applying applies
the nonscanning potential to the first capacitor.

30. The method of claim 27, wherein the non-scanning
potential varies with time during the display of images.

31. The method of claim 30, wherein the non-scanning
potential is alternately switched between two different val-
ues in successive display cycles.

32. The method of claim 30, wherein the non-scanning
potential is alternately switched between two different val-
ues, and wherein non-scanning potentials applied to adjacent
row electrodes are different.

33. The method of claim 15, wherein the electrical poten-
tials are applied to achieve a row or field inversion scheme.

34. A method for driving a liquid crystal display, said
display comprising an array of elongated row electrodes and
an array of elongated column electrodes arranged transverse
to the row electrodes, wherein overlapping areas of the two
arrays of electrodes define pixels of the display when viewed
in a viewing direction, said method comprising:

supplying electrical potentials to the two arrays of elec-
trodes to cause the display to display desired images,
wherein said supplying includes:

applying electrical potentials to the array of column
electrodes so that at least one of the column electrodes
undergoes voltage transitions;

connecting the at least one column electrode to a node to
reduce power consumption; and

applying scanning and non-scanning electrical potentials
to the row electrodes, the non-scanning potential being
applied by means of a voltage at the node.

35. The method of claim 34, further comprising switching
said voltage at the node between two different potentials, so
that said non-scanning potential is also switched between
said two different potentials.

36. A system for driving a liquid crystal display, said
display comprising an array of elongated row and an array
of elongated column electrodes arranged transverse to the
row electrodes, wherein overlapping areas of the two arrays
of electrodes define pixels of the display when viewed in a
viewing direction, said system comprising:

a circuit applying electrical potentials to the two arrays of
electrodes to cause the display to display desired
images, wherein two of the row electrodes substantially
simultaneously undergo opposite voltage transitions in
reference to a reference potential; and

a switch electrically connecting said two row electrodes
undergoing opposite voltage transitions to reduce
power consumption.

37. A system for driving a liquid crystal display, said
display comprising an array of elongated row and an array
of elongated column electrodes arranged transverse to the
row electrodes, wherein overlapping areas of the two arrays
of electrodes define pixels of the display when viewed in a
viewing direction, said system comprising:

a circuit applying electrical potentials to the two arrays of
electrodes to cause the display to display desired
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images, wherein said applying applies scanning elec-
trical potentials to at least one of the row electrodes,
and non-scanning electrical potentials to the remaining
row electrodes, said non-scanning electrical potentials
being applied by means of voltage at a node; and

a switch electrically connecting said column electrodes to

the node to reduce power consumption.

38. A system for driving a liquid crystal display, said
display comprising an array of elongated row electrodes and
an array of elongated column electrodes arranged transverse
to the row electrodes, wherein the row electrodes and the
column electrodes form opposing plates of a two dimen-
sional array of capacitors, and wherein overlapping areas of
the two arrays of electrodes define pixels of the display when
viewed in a viewing direction, said system comprising;

a circuit applying electrical potentials to the two arrays of
electrodes, wherein said applying applies scanning and
non-scanning potentials to the row electrodes and data
potentials to the column electrodes for display of
images at the pixels, thereby applying said potentials to
the opposing plates of the capacitors in the array of
capacitors, and wherein at least one of the electrodes in
one of the two arrays undergoes a voltage transition
between a first and a second electrical potential, the first
electrical potential being higher than the second elec-
trical potential;

wherein said circuit includes:

(a) a switch connecting the at least one electrode
sequentially to at least a first capacitor, the first
capacitor being at an electrical potential between the
two potentials; and

(b) a switch connecting the at least one electrode to at
least one driver after connection to the at least first
capacitor.

39. The system of claim 38, wherein at least a portion of
said circuit is an integrated circuit.

40. The system of claim 39, wherein the first capacitor
forms a portion of the integrated circuit.

41. The system of claim 39, wherein the first capacitor is
a discrete device separate from the integrated circuit.

42. A system for driving a liquid crystal display, said
display comprising an array of elongated row electrodes and
an array of elongated column electrodes arranged transverse
to the row electrodes, wherein overlapping areas of the two
arrays of electrodes define pixels of the display when viewed
in a viewing direction, said system comprising:

a circuit supplying electrical potentials to the two arrays
of electrodes to cause the display to display desired
images, wherein said circuit applies electrical poten-
tials to the array of column electrodes so that at least
one of the column electrodes undergoes voltage tran-
sitions;

a voltage source connected to a node; and

a switch connecting the at least one column electrode to
the node to reduce power consumption;

wherein the circuit applies scanning and non-scanning
electrical potentials to the row electrodes, and wherein
the non-scanning potential is applied by means of the
voltage at the node.
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