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(57) ABSTRACT

A method to display gray shades in RMS responding display
matrix, includes: selecting each row of the display matrix
with a set of “s” discrete select voltages in a sequence or
random and applying a set of discrete data voltages to a
column of the display matrix wherein the data voltages are of
both polarities and energy of the select and data waveforms
that are applied to rows and columns are constants during the
“s” time intervals for all the rows and columns to display gray
shades in RMS responding display matrix.
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1
METHOD TO DISPLAY GRAY SHADES IN
RMS RESPONDING MATRIX DISPLAY

This application claims benefit of Indian Patent Applica-
tion No. 328/CHE/2008 filed Feb. 7, 2008 and the text of
application 328/CHE/2008 is incorporated by reference in its
entirety herewith.

FIELD OF THE INVENTION

Instant invention is related to a method to display gray
shades in any RMS responding displays and more specifically
passive matrix liquid crystal displays such as twisted nematic
(TN) and super twisted nematic (STN) displays is disclosed.
This method reduces the number of time intervals to complete
a cycle and achieve more number of gray shades with simple
waveforms having less number of voltages as compared to
that of pulse-height modulation, amplitude modulation, suc-
cessive approximation and wavelets based techniques.

BACKGROUND OF THE INVENTION

Quality of image improves with the number of gray shades
pulse width modulation [1] and frame modulation [2] add
gray shade capability to liquid crystal displays. The number
of gray shades that can be displayed with these techniques is
limited because the number of time intervals in a cycle
increases linearly with the number of gray shades. In a matrix
display with N address lines, N.(G-1) time intervals are nec-
essary to display G gray shades. Flicker will be observed in
the display if a large number of gray shades are displayed
using frame modulation. The smallest time interval in pulse
width modulation may be comparable or even less than the
RC time constant (product of output resistance of drivers and
equivalent capacitance of pixels) when the number of gray
shades is large. Error in the RMS voltage across pixels due to
distortion in the addressing waveforms will result in poor
brightness uniformity among pixels that are driven to the
same state in pulse width modulation when the number of
gray shades is large. Another important consideration is the
error in the RMS voltage across pixels as described next. The
difference of RMS voltages across ON and OFF pixels is
small in passive matrix displays. For example, the ON pixels
get a voltage that is about 10% higher than that of OFF pixels
in a matrix display with 100 address lines. The difference in
RMS voltage across pixels that are driven to any two adjacent
gray shades is even smaller and it decreases with increase in
number of gray shades. The difference in RMS voltages of
neighboring gray shades is about 0.625% for 16 gray shades,
0.156% for 64 gray shades and about 0.039% for 256 gray
shades in a display where in 100 address lines are multi-
plexed. It is obvious that the error in the RMS voltage across
the pixels has to be small as the number of grayscales is
increased to ensure good brightness uniformity among pixels
that are driven to the same gray shade. Error in the RMS
voltages is primarily due to the following reasons:

a) Addressing waveforms consist of select or data voltages
and any error in these voltages will contribute to the error
in the RMS voltage across pixels.

b) Addressing waveforms have many abrupt (step like)
transitions and the distortion in these steps due to RC
time constant of the driver circuit will also contribute to
error in RMS voltage across pixels.

While the error in voltages of the addressing waveforms

can be almost eliminated with a well-designed voltage level
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generator (VLQG), the distortions in the addressing waveforms
cannot be eliminated but can be minimized as described in the
following text.

a) Reduce the RC time constant of the drive circuit by
reducing R and/or

b) Increase the duration of the select time so that it is much
larger than the RC time constant.

Output resistance of the driver circuit can be decreased
either by buffering each output of the driver integrated circuit
or by reducing the ON resistance of the analog switches in the
multiplexers that select the voltages of the addressing wave-
forms. Both will increase the die size of the driver integrated
circuit. It is expensive to decrease the output resistance or the
ON resistance because of the large number of stages in the
driver integrated circuit (A matrix display with N rows and M
columns needs (N+M) drivers). It is preferable to reduce the
number of intervals in a cycle to reduce the error due to
distortion in the addressing waveforms so that the select time
will increase (for a given refresh rate) and therefore RC time
constant will be small as compared to the duration of the
select time and thereby reduce the error in the RMS voltage.
Amplitude modulation [3] and pulse height modulation [4]
can display a large number of gray shades with a minimum
number of time intervals. However, the number of voltages in
the data waveforms is large. For example, the amplitude
modulation that is based on line-by-line addressing has the
least number of voltages in the addressing waveforms (i.e.2
(G-1)to display G gray shades) among these techniques. It is
much higher for the pulse height modulation that is based on
multi-line addressing. Either the hardware complexity of the
drivers is high as in case of digital type drivers with analog
multiplexers and digital to analog converters or the power
consumption is high as in case of analog type data drivers
when amplitude modulation and pulse height modulation are
used for displaying gray shades. Successive approximation
[5]-[6] technique can be used to display a large number of
gray shades with simple drivers. The number of time intervals
is equal to the smallest integer value that is equal to or greater
than logarithm of the number of gray shades i.e. log, G.
Similarly wavelet based addressing techniques can display
large number of gray shades. Number of time intervals nec-
essary is about the same order for the wavelets based tech-
niques for displaying gray shades [7]-[12]. Both the tech-
niques have less number of voltages in the addressing
waveforms as compared to amplitude and pulse height modu-
lation techniques and therefore the hardware complexity of
the drivers is also less as compared to amplitude and pulse
height modulation. It is preferable to meet the following
conditions when gray shades are displayed in passive matrix
liquid crystal displays:

a. Number of time intervals in a cycle is small so that a large
number of gray shades can be displayed without flicker
and achieve good brightness uniformity among pixels
that are driven to the same gray shade.

b. As few voltages as possible in the addressing waveforms
so that the hardware complexity and the cost of driver
circuit will be low.

The successive approximation technique and the wavelets
based addressing techniques meet this criterion to some
extent. FIG. 1 shows the typical waveforms of successive
approximation technique and FIG. 2 shows the typical wave-
form of wavelets based technique for displaying gray shades
in liquid crystal display. The number of voltages in the scan-
ning and data waveforms is also less for these techniques and
therefore the hardware complexity of the drivers is also less as
compared to that of amplitude modulation and pulse height
modulation techniques. The main objective of this invention
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is to reduce the number of time intervals to complete a cycle
and achieve more number of gray shades with simple wave-
forms having less number of voltages as compared to that of
sussessive approximation and wavelets based techniques.

REFERENCES

H. Kawakami, H. Hanmura and E. Kaneko, “Brightness uni-
formity in liquid crystal displays,” SID Intl Symp Digest
Tech Papers, pp. 28-29, (1980).

Y. Suzuki, M. Sekiya, K. Arai and A. Ohkoshi, “A liquid-
crystal image display,” SID Intl Symp Digest Tech Papers,
pp. 32-33, (1983).

T. N. Ruckmongathan, Addressing techniques for RMS
responding LCDs—A review, Proc. Japan Display *92, pp
77-80, 1992.

A. R. Conner and T. J. Schefter, “Pulse-height modulation
(PHM) gray shading methods for passive matrix LCDs,”
Proc. of Japan Display *92, pp. 69-72, (1992).

T. N. Ruckmongathan, 4 Successive Approximation Tech-
nique for Displaying Gray Shades in Liquid Crystal Dis-
plays (LCDs), IEEE transactions on Image Processing,
Vol. 16, No. 2, pp 554-561, February 2007.

K. G. PaniKumar and T. N. Ruckmongathan, Displaying
Gray Shades in Passive Matrix LCDs using Successive
Approximation, Proceedings of the 7 Asian Symposium
on Information Display (ASID2002), Sep. 2-4, 2002, pp
229-232.

T. N. Ruckmongathan, Nanditha Rao P and Ankita Prasad,
Wavelets for Displaying Gray Shades in LCDs, SID Int.
Symp. Digest of technical papers, pp 168-171, 2005.

T. N. Ruckmongathan, U. Manasa, R. Nethravathi and A. R.
Shashidhara, Integer Wavelets for Displaying Gray Shades
in RMS Responding Displays, IEEE/OSA Journal of Dis-
play Technology, Vol. 2, No. 3, pp 292-299, September
2006.

A. R. Shashidhara and T. N. Ruckmongathan, Design and
Implementation of the Wavelet based Addressing Tech-
nique (WAT), Journal of the Society for Information Dis-
play, Vol. 15, No. 3, pp 213-223, 2007.

T. N. Ruckmongathan, Deepa S Nadig and P. R. Ranjitha,
Gray Shades in RMS Responding Displays With Wavelets
Based on the Slant Transform, IEEE transactions on Elec-
tron Devices, Vol. 54, No. 4, pp 663-670, April 2007.

T. N. Ruckmongathan, Techniques for Reducing the Hard-
ware Complexity and the Power Consumption of Drive
Electronics, Proceedings of the Asian Symposium on
Information Display (ASID *06), Oct. 8-12, 2006, pp 115-
120.

T. N. Ruckmongathan, V. Arun, and A. B. H Kumar, “Wave-
lets-based line-by-line addressing for displaying gray
shades” IEEE/OSA J Display Technology Vol. 3. No. 4, pp
413-420, December 2007.

H. Kawakami HY Nagae and E Kaneko, “Matrix Addressing
Technology of Twisted Nematic Liquid Crystal Display,”
SID-IEEE Record of Biennial Display Conference pp
50-52, 1976.

T. N. Ruckmongathan, M. Govind and G. Deepak, Reducing
Power Consumption in Liquid-Crystal Displays, IEEE
transactions on Electron Devices, Vol. 53, No. 7, pp 1559-
1566, July 2006.

SUMMARY OF THE INVENTION

Accordingly the invention provides for a method to display
gray shades in RMS responding matrix display, comprising
acts of: selecting each row of the display matrix with a set of
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‘s’ discrete select voltages in a sequential or random manner
and applying a set of discrete data voltages to all the columns
of'the display matrix wherein the data voltages are of same or
opposite polarity to that of select voltages with data voltage of
each magnitude occurring a predetermined number of times
in the ‘s’ time durations.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1: Shows typical waveforms of successive approxi-
mation technique where in 2° gray shades can be displayed
using s-time intervals (ref: 5). Row waveforms have 15 volt-
ages; column waveforms have 14 voltages to display 128 gray
shades with 7N time intervals. However drivers that are
capable of applying just two voltages are adequate along with
one 14:1 analog multiplexer each to select the appropriate
voltage ata given instant of time and it is common to all stages
of the driver circuit.

FIG. 2: Shows typical addressing waveforms of wavelets
based line-by-line addressing technique. Drivers that are
capable of applying one out of eight voltages can be used as
row drivers and column drivers to display 128 gray shades in
8N time intervals.

FIG. 3: Shows a set of s-select voltages (pulses) that are
used to select each address line of a matrix display.

FIG. 4: Shows a typical row waveform (top) and column
waveform (bottom) of the method that is disclosed in this
invention for displaying gray shades with discrete select
sequence (DSS). It is a line-by-line addressing technique
wherein voltages corresponding to a discrete sequence of
length ‘s’ is used to select the rows and data voltages for each
gray shade correspond to one of the many discrete sequence
of'length ‘s’. Polarity of the select pulses is reversed periodi-
cally to achieve a dc-free operation. A large number of RMS
voltages can be generated across pixels even with sequences
as short sequence of length 4. RMS voltage is independent of
the order in which select voltages are used to select rows ina
matrix display.

FIG. 5: Shows plot of computer simulation of the method
that is disclosed in this invention with 225 unique RMS volt-
ages (normalized to threshold of the liquid crystal display)
that can be generated using 9 voltages (to achieve a dc free
operation) in the row waveforms and 8 voltages in the data
waveforms to display at least 128 gray shades even after
correcting for non linearity of the electro-optic response as
well as the human eye response by using just 4N time inter-
vals. Row drivers that are capable of applying one of two
voltages and column drivers that are capable of applying one
of eight voltages are adequate to generate any of 225 RMS
voltages across pixels in a matrix display.

FIG. 6: Shows the computer simulation of the method that
is disclosed in this invention: Plot of RMS voltage in percent-
age that is normalized to the difference of RMS voltages of
ON and OFF pixels. The difference of any two adjacent plots
is almost equal when 85 unique RMS voltages are generated
using 4N time intervals.

FIG. 7: Shows a photograph of the prototype that demon-
strates one embodiment of the instant invention. It is capable
of displaying 64 gray shades using row drivers that are can
apply any one of two voltages and column drivers that are
capable of applying any on of 8 voltages during 4N-time
intervals in a cycle.

FIG. 8: Shows a typical row (select) waveform (top), col-
umn (data) waveform (middle) and the waveform across a
pixel (bottom) when the 4-select pulses are distributed in a
cycle; when the matrix display is scanned using a discrete
select sequence of length 4.
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FIG. 9: Shows a typical row (select) waveform (top), col-
umn (data) waveform (middle) and the waveform across a
pixel (bottom) when the 4 select pulses are clustered in a
cycle; when the matrix display is scanned using a discrete
select sequence of length 4.

OBIJECTS OF THE INVENTION

The main objective of the invention is to achieve a large
number of gray shades with simple waveforms having less
number of voltages and a small number of time intervals in a
cycle.

Another main object of the present invention is to develop
a method to display gray shades in RMS responding display
matrix.

Another main object of this method is to improve bright-
ness uniformity among pixels that are driven to the same state.

Another main object of this invention is to reduce the
hardware of the driver circuit by having just a few voltages in
the addressing waveforms.

Another main objective of this invention is to increase
duration of application of each select voltage without causing
flicker in the display.

Another main objective of this invention is to ensure that
the energy delivered to the pixels in a row during the select
and non-select duration of a cycle is substantially same as that
of energy delivered to pixels each column during a cycle
within practical limits for all the pixels in all the rows of the
matrix display.

Another main objective of this invention is to ensure that
the energy delivered to the pixel during ‘s’ time intervals of
data sequence is substantially same for all the gray shades in
all the pixels in all the columns of the display.

Still another object of the present invention is to select a
row of the display matrix with a set of discrete select voltages.

Yet another main object of the present invention is to apply
a set of discrete data voltages to columns of the display matrix
wherein the data voltages are of either polarity (i.e., same or
opposite polarity to that of the select voltage)and the number
of occurrence of each magnitude (in the data voltage
sequence of length-s) is same for all data voltage sequences
set to display gray shade in a RMS responding display matrix.

However the invention should not be considered to be
restricting the scope of the method to the above-mentioned
objectives. It is possible that this invention can meet other
objectives as well that falls within the scope of this disclosure.

DETAILED DESCRIPTION

The primary embodiment of invention is a method to dis-
play gray shades in RMS responding display matrix compris-
ing acts of:

a) selecting each row of the display matrix with a set of
discrete select voltages one row after another in a
sequential manner, and

b) applying a set of discrete data voltages to a columns of
the display matrix wherein the data voltages are of same
or opposite polarity to that of select voltages with data
voltage of each magnitude occurring a predetermined
number of times in the s-time intervals to display gray
shade in a RMS responding display matrix.

In yet another embodiment of the present invention the
polarity of the select and the data voltages are changed peri-
odically to achieve dc-free operation.

In still another embodiment of the present method each
data voltage of specified amplitude has a select voltage that is
VN times the amplitude (magnitude) of the data voltage to
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6

achieve the maximum difference in RMS voltages of pixels
that are driven to the two extreme gray shades i.e. ON and
OFF states.

In still another embodiment of the present invention the
amplitude of select voltages are suitable chosen to provide
uniformly spaced RMS voltages from RMS voltage of OFF
pixels to the RMS voltage of the ON pixels.

In still another embodiment of the present invention the
select and data voltages are suitably chosen to provide for
maximum number of RMS voltages for a given set of select
and data voltages.

In still another embodiment of the present invention the
select voltages in the s-time intervals are arranged to form a
ascend voltage profile followed by a descending voltage pro-
file to reduce power dissipation in driver circuit.

In still another embodiment of the present invention the
select voltages are applied for equal durations.

In still another embodiment of the present invention the
duration is longer than RC time constant of the driver circuit.

In still another embodiment of the present invention
wherein varying amplitude and/or sign of the select and the
data voltages to control the energy of the select and data
waveforms during a cycle and there by vary RMS voltage
across each pixel of the display.

In still another embodiment of the invention a subset of all
the possible data voltage sequences is applied to develop
RMS voltages that are useful to correct the non-linearity of
electro-optic response and/or human eye response.

In still another embodiment of the present invention the
number of gray shades is greater than that of successive
approximation technique with same number of time intervals
in a cycle for a given matrix display.

Still another embodiment of the invention is to achieve the
maximum selection ratio and display more number of gray
shades in the display than possible with successive approxi-
mation technique with same number of time intervals in a
cycle for a given matrix display.

In still another embodiment of the present invention the
display is passive matrix liquid crystal display.

In still another embodiment of the present invention the
row of the display matrix is can be randomly selected with the
sequence of ‘s’ select voltages by ensuring that each row is
selected just once in a cycle instead of the sequential selection
of rows in the conventional methods of matrix addressing.

The method is based on selecting one of the N address lines
(rows) in a matrix display at a given instant of time with one
of the voltages from a set of ‘s’ voltages {+r,, +1,, +1, . . .,
+r,} of different amplitudes as shown in FIG. 3. Let the set of
data voltages that are applied to the columns be {d,, =d,,
#ds, ..., =d,}. Bach row is selected with the s-select voltages
sequentially one after the other by applying each voltage (r,)
for a certain duration of time (t,). The data voltage that is
applied to the column can be any one of the ‘2-s’ data voltages
and the sign of data voltages may be opposite or same as that
of'the select voltage. The voltage across the pixel during the
time interval t; is the difference of the two voltages i.e. (r,-
(xd, ;) wherein the index ‘i’ corresponds to the time interval
t; and ‘k’ corresponds to the amplitude of the data voltage.
Energy delivered to the pixel during the time interval ‘t;” is:
ti'(riidk,i)2~

Thus the energy delivered to the pixels can be controlled
with:

a) Amplitude of the select and data voltages

b) Sign of the select and data voltages

¢) Duration of the select and data voltages.
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Energy delivered to a pixel is small when the sign of the
data voltage is same as the select voltage as compared to the
case when the sign of data voltage is opposite to that of select
voltage. For a specific select voltage say r, that is applied to a
row during t,, data voltages can be any one of 2-s values i.e.
{+d, or,—d, or +d, or,-d, or +d; or,—d; or . . . +d or,—d,}.
Hence the energy delivered during the first time interval can
be any one of the 2-s values depending on the choice of the
data voltage from the set of 2-s values and optionally it can be
tuned to a desired value by varying t,. Let the select voltage
during the second time interval (i.e. t,) be r,. Choice of data
voltages is restricted to one of 2(s-1) in the second time
interval because a data voltage of specific amplitude is used
just once during the s-time intervals. Hence the energy deliv-
ered to a pixel during the second time interval can be one of
the 2(s—1) values. Duration of the select and data voltages can
also be varied to control the energy delivered to the pixels.
The number of data voltages that can be applied to the pixels
diminishes as one progress from the first to the final select
pulse and it is just two voltages for a specific pixel in the s
(last) time interval. Energy delivered to the pixels can be
computed by substituting values of select and data voltages
that are applied to the pixels during the s-time intervals) as
shown in the following expression.

Dl F A+ N -1 6
i=1 i=1

The first term corresponds to the energy delivered during
the select time and the second term corresponds to the energy
delivered to the pixel when (N-1) rows (excluding the one in
which the pixel is located) are selected. The root-mean-
squared (RMS) voltage across the pixel is given by the fol-
lowing expression.

The first and last terms are constant value for specific sets
of select and data voltages because each select and data volt-
age of specific amplitude is used just once during the s-select
intervals. RMS voltage will be one of the s 127 values depend-
ing on the choice of data voltages during the s-time intervals.
It is more by a factor s ! as compared to the 2°RMS voltages
that is achievable by using successive approximation tech-
nique. It is the maximum number of unique voltages that can
be achieved with the technique of this invention. The actual
number of RMS voltages may be lower under certain condi-
tions. Number of unique RMS voltages will reduce by a large
factor when the condition for the maximum selection ratio
Viz., riﬂ/ﬁd,. forall values ofi;ie.,1=1,2,3, ... sis imposed.
Number of unique combinations will decrease if certain prod-
uct terms i.e. ryd,, has the same value for more than one *
and *. However, the maximum number of unique RMS volt-
ages is larger than that of successive approximation or any
other technique known so far for displaying gray shades in
RMS responding displays for a specific matrix display and
specific number of voltages and specific number of time
intervals. Number of gray shades that can be achieved without
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any compromise on the selection ratio is shown in Table 1. The
maximum selection ratio of

VN +1
VN -1

is achieved with the technique and even then the number of
gray shades in higher than that of successive approximation
technique as shown in the right most column of Table 1.

TABLE 1

Comparison of the number of gray shades of the present invention
with that of successive approximation technique.

Maximum number

Number of gray ~ Maximum number of gray shades
Number shades with of gray shades with with maximum
of time successive arbitrary sequence selection ratio
intervals approximation (Present Invention)  (Present Invention)
2 4 8 7
3 8 48 34
4 16 384 225
5 32 3840 1946

Although, the number of RMS voltages that is achievable
during the s time intervals will be less than the maximum
(2°s!); it is much higher than the successive approximation
technique depending on the values assigned to the select and
data voltages. Typical row and column waveforms of one
embodiment of the present invention are shown in FIG. 4.
Here, the duration of the s-select pulses are equal. Although
384 gray shades are possible with s=4; a maximum of 225
unique RMS voltages (gray shades) is achieved when the
condition of maximum selection ratio is imposed. FIG. 5
shows the plot of RMS voltages that is nonmalized to thresh-
old voltage for s=4 and the plots merge and appear as a dark
band because the number of gray shades is large (225). The
number of time intervals is small (4N-time intervals) as com-
pared to 8N and 224N time intervals that may be necessary to
display 225 gray shades with successive approximation and
pulse width modulation respectively. Difference of any two
neighboring RMS values is not the same for all the RMS
voltages. It is possible to achieve uniformly spaced RMS
voltages by an appropriate choice of the amplitude of select
voltages. FIG. 6 shows 85 equally spaced RMS voltages when
four select pulses are used while scanning the display. How-
ever, it is not essential that the differences between the adja-
cent RMS voltages have to be equal because the electro-optic
response and the human eye response are nonlinear. A subset
of voltages (say 64 or 128 of the total 225) can be used to
compensate the non-linearity. The number of gray shades is
larger than that of successive approximation even when a
subset of the RMS voltages is used in practical application.
Row waveforms of this technique have three voltages and
column waveforms have ‘2s’ voltages. Polarity of the
addressing waveforms is reversed periodically to achieve adc
free operation that is essential for a long life of the display.
The technique can achieve 1946 unique RMS voltages when
the number of select pulses is 5. A reduction in supply voltage
of the drive electronics can be achieved by modifying
addressing waveforms by a method similar to that of line-by-
line addressing based on wavelets [12] which is based on the
method proposed by Kawakami et al for line-by-line address-
ing technique [13] for displaying binary images. A photo-
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graph of the prototype where in the present invention is
reduced to practice is shown in FIG. 7. Typical addressing
waveforms wherein voltages have been level shifted to reduce
the power supply voltage of the drive circuit are shown in
FIGS. 8 and 9. Although the number of voltages in the scan-
ning (row) waveforms is (2s+1) at a given instant of time just
two voltages viz. a select and the non-select voltages are
applied to the display. Hence it is adequate to row drivers that
are capable of applying any one of the two voltages while a 2s:
1 analog multiplexer that is external and common to all stages
of the row driver can be used to choose one of the select
voltages depending on the select sequence and the polarity of
the select voltage. A data (column) driver that is capable of
applying one of 2s voltages is adequate for displaying (,ss!)
gray shades. In summary the hardware complexity of the
driver circuit is low considering the large number of gray
shades that can be displayed with good brightness uniformity
of pixels.

What is claimed is:

1. A method to display gray shades using a root mean
squared (RMS) responding matrix display comprising acts
of:

(a) selecting a select voltage (r,) from a first predefined set
of' s number of select voltages, wherein s is an integer
greater than 2;

(b) during a predetermined time interval (t,), selecting a
row of the matrix display by applying the select voltage
(r;) to the row while all other rows of the matrix display
are grounded;

(c) selecting a data voltage (d;) from a second predefined
set of 2s number of data voltages during the predeter-
mined time interval (t,), the 2s number of data voltages
consisting of a positive and a negative value of each of s
number of predetermined voltage amplitudes;

(d) applying the data voltage (d,) to all of the columns of the
matrix display simultaneously during the time interval
(t,); and

(e) repeating (a) - (d) during s—1 number of future time
intervals including selecting and applying a different
one of the s select voltages and a different one of the s
predetermined voltage amplitudes during each of the
s—1 future time intervals such that each of the s select
voltages and the s predetermined voltage amplitudes is
selected and applied only once over a period defined by
the predetermined time interval (t,) and the s-1 future
time intervals, in order to display gray shades.
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2. The method as claimed in claim 1, wherein the polarity
of'the select and the data voltages are changed periodically to
achieve dc-free operation.

3. The method as claimed in claim 1, wherein a magnitude
of one of the s select voltages is equal to a product of a
magnitude of one of the s predetermined voltage amplitudes
and a square root of the number of rows in the matrix display.

4. The method as claimed in claim 1 or 3, wherein the s
predetermined voltage amplitudes are chosen to obtain uni-
formly spaced RMS voltages.

5. The method as claimed in claim 4 wherein subsets of the
RMS voltages are used to correct non-linearity of electro-
optic response and/or human eye response.

6. The method as claimed in claim 1 or 3, wherein the s
predetermined voltage amplitudes are chosen to obtain a
maximum number of RMS voltages.

7. The method as claimed in claim 1 or 3, wherein the select
voltages are alternatively arranged in an ascending order and
descending order to reduce power dissipation in driver circuit.

8. The method as claimed in claim 1 or 3, wherein a dura-
tion of at least one of the predetermined time interval (t,) and
the s—1 future time intervals is different than a duration of
another one of the predetermined time interval (t,) and the s—1
future time intervals.

9. The method as claimed in claim 8, wherein the length of
the predetermined time interval (t;) determines amount of
energy delivered to each pixel of the matrix display.

10. The method as claimed in claim 1 or 3, wherein at least
one of polarity, amplitude, and application duration of the
select and the data voltages is varied to correspondingly vary
RMS voltage across each pixel of the matrix display.

11. The method as claimed in claim 1, wherein the number
of gray shades is greater than that of successive approxima-
tion technique.

12. The method as claimed in claim 1, wherein the method
provides for more number of gray shades than available with
successive approximation technique with maximum selec-
tion ratio.

13. The method as claimed in claim 1, wherein a magnitude
of one of the s select voltages is proportional to one of the s
predetermined voltage amplitudes.

14. The method as claimed in claim 1, wherein the matrix
display is passive matrix liquid crystal display (LCD) that is
one of a twisted nematic LCD, a super twisted nematic LCD,
a ferro-electric LCD, and an anti-ferro-electric LCD.

15. The method as claimed in claim 1, wherein the order of
selection and application of the s select voltages is random.

#* #* #* #* #*



