02/082417 Al

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
17 October 2002 (17.10.2002) PC

(10) International Publication Number

T WO 02/082417 Al

(51) International Patent Classification”: G09G 3/36, 5/18
(21) International Application Number: PCT/US02/10126
(22) International Filing Date: 29 March 2002 (29.03.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
09/827,558 6 April 2001 (06.04.2001) US

(71) Applicant: THREE-FIVE SYSTEMS, INC. [US/US];
1600 N. Desert Drive, Tempe, AZ 85281-1230 (US).

(72) Inventor: WATERMAN, John, Karl; 5258 South Cata-
rina Circle, Mesa, AZ 85202 (US).

(74) Agent: BRUCE W. SLAYDEN II; Baker Botts, L.L.P,
One Shell Plaza, 910 Louisiana, Houston, TX 77002-4995
(US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, Fl,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 1S, JP, KE, KG,
KP. KR, K7, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD,
SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, U4, UG, UZ,

[Continued on next page]

(54) Title: LIQUID CRYSTAL DISPLAY COLUMN CAPACITANCE CHARGING WITH A CURRENT SOURCE

408
406
le C t Pul
To Columns +—o> o—— Current DAC [% GrayISA;: :keU; g;;le e
\ 120 354
Pulse Width | /**
Time Control
h
410
PIL 414
<10 Col_Ck

(57) Abstract: A liquid crystal display (LCD) charges column capacitance with quantized charge injection from a current source. A
digital-to-analog converter (DAC) injects amplitude and/or time duration controlled current pulses, using a current mirror, to charge
each column capacitance to a desired voltage charge. The rate of charge is linear and fast, and no power is wasted as would be from
quiescent current required in a voltage charging device used in a voltage injection column capacitance configuration. Variations in
column capacitance may be compensated for by adding capacitance thereto or adjusting the amplitude and/or the pulse-width time

of a current pulse being injected into the column capacitance.



WO 02/082417

AT O AR 0 O

VN, YU, ZA, ZM, ZW, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE,
TR)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nations AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY,
BZ, CA4, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC,
EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP. KE, KG, KP, KR, K7, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM, PH, PL,
PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT,
177, UA, UG, UZ, VN, YU, ZA, ZM, ZW, European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE, TR)

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



5

10

15

20

25

30

WO 02/082417 PCT/US02/10126

LIQUID CRYSTAL DISPLAY COLUMN CAPACITANCE
CHARGING WITH A CURRENT SOURCE

The present invention relates generally to liquid crystal display devices, and
more particularly to a system and method using a current source for charging each of
the liquid crystal display columns to a desired voltage.

Liquid crystal displays (LCDs) are commonly used in devices such as portable
televisions, portable computers, control displays, and cellular phones to display
information to a user. LCDs act in effect as a light valve, i.e., they allow transmission
of light in one state, block the transmission of light in a second state, and some include
several intermediate stages for partial transmission. When used as a high resolution
information display, as in one application of the present invention, LCDs are typically
arranged in a matrix configuration with independently controlled display areas called
"pixels" (the smallest segment of the display). Each individual pixel is adapted to
selectively transmit or block light from a backlight (transmission mode), from a
reflector (reflective mode), or from a combination of the two (transflective mode).

A LCD pixel can control the transference for different wavelengths of light. For
example, an LCD can have pixels that control the amount of transmission of red, green,
and blue light independently. In some LCDs, voltages are applied to different portions
of a pixel to control light passing through several portions of dyed glass. In other
LCDs, different colors are projected onto the area of the pixel sequentially in time. If
the voltage is also changed sequentially in time, different intensities of different colors
of light result. By quickly changing the wavelength of light to which the pixel is
exposed an observer will see the combination of colors rather than sequential discrete
colors. Several monochrome LCDs can also result in a color display. For example, a
monochrome red LCD can project its image onto a screen. If a monochrome green and
monochrome blue LCD are projected in alignment with the red, the combination will be
a full range of colors.

The monochrome resolution of an LCD can be defined by the number of

different levels of light transmission or reflection that each pixel can perform in
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response to a control signal. A second level is different from a first level when a user
can tell the visual difference between the two. An LCD with greater monochrome
resolution will look clearer to the user.

LCDs are actuated pixel-by-pixel, either one at a time or a plurality
simultaneously. A voltage is applied to each pixel area by charging a capacitor formed
in the pixel area. The liquid crystal responds to the charged voltage of the pixel
capacitance by twisting and thereby transmitting a corresponding amount of light. In
some LCDs an increase in the actuation voltage decreases transmission, while in others
it increases transmission. When multiple colors are involved for each pixel, multiple
voltages are applied to the pixel at different positions (different capacitance areas being
charged of a pixel) or times depending upon the LCD illumination method. Each
voltage controls the transmission of a particular color. For example, one pixel can be
actuated to allow only blue light to be transmitted while another allows only green. A
greater number of different light levels available for each color results in a much greater
number of possible color combinations.

Converting a complex digital signal that represents an image or video into
voltages to be applied to charge the capacitance of each pixel of an LCD involves
circuitry that can limit the monochrome resolution. The signals necessary to drive a
single color of an LCD are both digital and analog. It is digital in that each pixel
requires a separate selection signal, but it is analog in that an actual voltage is applied to
charge the capacitance of the pixel in order to determine light transmission thereof.

Each pixel in the array of the LCD is addressed by both a column (vertical)
driver and a row (horizontal) driver. The column driver turns on an analog switch that
connects an analog voltage representative of the video input (control voltage necessary
for the desired liquid crystal twist) to the column, and the row driver turns on a second
analog switch that connects the column to the desired pixel.

The video inputs to the LCD are analog signals centered around a center
reference voltage of typically from about 7.5 to 8.0 volts. A voltage called "VCOM" is
not a supply voltage or signal from anywhere, but typically is a few hundred millivolts

below the center reference voltage. VCOM is adjusted for best image quality, e.g.,
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minimum flicker and/or image sticking. The center reference voltage connects to the
LCD cover glass electrode which is a transparent conductive coating on the inside face
(liquid crystal side) of the cover glass. This transparent conductive coating is typically
Indium Tin Oxide (ITO).

One frame of video pixels are run at voltages above the center reference voltage
(positive inversion) and for the next frame the video pixels are run at voltages below
the center reference voltage (negative inversion). Alternating between positive and
negative inversions results in substantially a zero net DC bias at each pixel. This
substantially reduces the "image sticking" phenomena.

Writing video voltage values to each pixel in, for example, an 800 x 600
(SVGA) frame takes about 2 milliseconds using 8 analog channels (DACs) in parallel
operation, with each analog channel given about 25 nanoseconds to apply the
appropriate video voltage value to each of its set of pixels of the SVGA frame.
Unfortunately, the liquid crystal material itself takes about 3 to 4 milliseconds to settle
to within one percent of its final reflectivity. That leaves very little time to flash the
light source (for example: light emitting diodes — LED) for the illumination step. For
example, using a three color frame image at 80 Hz, each of the color (red-green-blue)
frames at 240 Hz, allows only 4.2 milliseconds per frame. Considering the
requirements imposed by frame inversion, and the problem of color-breakup with color-
sequential images, 80 Hz is about the slowest rate at which to present images.

Writing voltage values to columns of the LCD requires a voltage source(s)
capable of rapidly charging a capacitor. The final voltage value on a column is
approached exponentially in time, this time is typically from about 5 to 30
nanoseconds. The voltage source amplifier(s) used to charge the column capacitance
require a large quiescent operating current in order to achieve the 5 to 30 nsec. charge
time. The amount of current eventually diverted over to the LCD pixel capacitance
during voltage charging thereof is infinitesimal compared to the voltage source
amplifier quiescent operating current. Thus a significant amount of power is wasted in
the LCD driver electronics which reduces the feasibility of using an LCD in

applications requiring very low power.
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What is needed is an LCD and driver that uses a minimum amount of power in
its operation.

The present invention overcomes the above-identified problems as well as
other shortcomings and deficiencies of existing technologies by providing a system
and method for quickly and accurately writing video frame information to a matrix of
pixels of a liquid crystal display (LCD) using a minimum amount of power. In
accordance with exemplary embodiments of the present invention, the capacitance of
each column is charged to a desired voltage by using a current source. The voltage
being charged onto the column capacitance increases linearly with the current being
sent thereto and is very fast (linear, not exponential). The LCD wastes no power for
quiescent current (no voltage source needed). The LCD of the present invention may
have its matrix of pixels and associated support electronics, e.g., row and column
selection switches and drivers, analog switches, and the like fabricated onto a
semiconductor integrated circuit die, e.g., a microdisplay. The electronics controller
may be fabricated on one or more semiconductor integrated circuit dice and connected
to the LCD electronics.

In an exemplary embodiment, the capacitance of each column of a liquid crystal
display (LCD) is charged with quantized (magnitude and time) current charges injected
from a current source(s). Before charging each column capacitance, the column
capacitance may be set to a known charge (precharge), e.g., a predefined voltage or no
charge at all, i.e., no voltage difference between the column capacitor and the ITO
layer. No charge on each of the column capacitors may be obtained by electrically
connecting the columns to the ITO layer, individually or at the same time. Setting the
columns to a known charge may be accomplished by connecting each of the column
capacitors to a known charge or voltage source, or by connecting all of the columns
together and then measuring the resulting voltage charge on any of the columns. The
rows may be individually or simultaneously connected to the columns during this
precharge operation so that all of the pixel capacitors are precharged to a known voltage

value (either a voltage or no voltage).
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A digital-to-analog converter (DAC) may be used to inject time duration
controlled current pulses, using for example, but not limited to, a current mirror to
charge each column capacitance to a desired voltage charge. The rate of charging is
linear and fast, and has no power wastage from quiescent current in a voltage charging
device as would be needed in a voltage injection column capacitance configuration.
Variations in column capacitance may be compensated for by adding capacitance so as
to achieve matching column capacitance or adjusting the value of current pulses being
injected and/or the time duration of the current pulses for each of the columns
dependi{lg upon their capacitance.

Preferably, the capacitance of each column may be closely matched during the
design and fabrication of the LCD structure. Properly designed layout and construction
may render columns having substantially the same capacitance.

Another exemplary embodiment may include trimming capacitors for each of
the columns so that during fabrication the capacitance of each column could be adjusted
to the same average value. Fusible links may connect a plurality of capacitors for each
column. These fusible links may be selectively blown to connected a desired amount of
capacitance to each column so that each column has substantially the same capacitance
value. The capacitors may be arranged in series-parallel combinations so that
capacitance may be easily adjusted (by blowing the appropriate fuse links) for a desired
total capacitance connected to each column.

Still another exemplary embodiment may use switchably controlled capacitors
that may be connected to each of the columns when these columns are being charged by
the current source pulses. The combination of switchably controlled capacitors
required for each column may be stored in a programmable memory such as EPROM or
EEPROM, and may be determined and programmed during manufacture and testing of
the LCD. When the column is selected for charging, the appropriate number of
capacitors are selected through this memory.

In yet another exemplary embodiment, the voltage value on the column
capacitance resulting for a given pulse amplitude and time duration period may be

measured, then a correction factor may be stored in a memory and thereafter applied to
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modify the current pulse(s) so as to compensate for the variations of each column
capacitance.

In still another exemplary embodiment, the pixels along each column may be
observed and the characteristics (amplitude and pulse duration) of the current pulses
adjusted for each of the columns so that substantially the same light modification
characteristics are observed for each column of pixels. The characteristics so
determined may then be stored in a memory for use in the normal operation of the
LCD. The current pulse characteristics for each of the columns may be stored in a
lookup table (LUT) such as, for example but not limited to, the gamma LUT which then
may select the appropriate pulse amplitude and time duration for each of the desired
gray scale shades of the LCD. Pulse repetition rate may also be used in charging the
column capacitance to a desired voltage value.

A technical advantage of the present invention is in the reduction of the power
required for writing frames of a liquid crystal display. Another technical advantage is
improved speed in writing a frame which reduces flicker and color-breakup artifacts.
Another technical advantage is smaller and faster operating current mode digital-to-
analog converters that may be imbedded into a semiconductor integrated circuit die.
Still another technical advantage is obtaining a desired column voltage by controlling
the pulse amplitude and/or pulse width time duration. Pulse repetition time rate may
also be effectively utilized to charge the column capacitance to a desired voltage value.

Other technical advantages of the present disclosure will be readily apparent to
one skilled in the art from the following figures, descriptions, and claims. Various
embodiments of the invention obtain only a subset of the advantages set forth. No one
advantage is critical to the invention.

A more complete understanding of the present disclosure and advantages
thereof may be acquired by referring to the following description taken in conjunction
with the accompanying drawings, wherein:

Figure 1 is a schematic block diagram of an exemplary liquid crystal display

system in accordance with exemplary embodiments of the present invention;
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Figure 2 is a schematic block diagram of a portion of the liquid crystal display
of Figure 1;

Figure 3 is a schematic block diagram of an exemplary embodiment of the
invention;

Figure 4 is a schematic block diagram of another exemplary embodiment of the
invention;

Figures 5 and S5A are schematic block diagrams of other exemplary
embodiments of the invention having column voltage charge feedback sensing;

Figures 6 and 6A are schematic block diagrams of still other exemplary
embodiment of the invention having automatic capacitance compensation; and

Figure 7 is a schematic block diagram of another exemplary embodiment having
programmable fuse links for connecting compensation capacitors to each column.

While the present invention is susceptible to various modifications and
alternative forms, specific exemplary embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. It should be understood,
however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the contrary, the intention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the
invention as defined by the appended claims.

The present invention is directed to a liquid crystal display device comprising a
matrix of liquid crystal pixels having light modifying properties controlled by voltage
values stored in a capacitor at each of the pixel locations. A plurality of digital-to-
analog converters (DACs) are coupled to the pixel matrix and are adapted to produce
current pulses that are applied to columns of the pixel matrix through analog switches.
The current pulses charge each column capacitance to a desired voltage value. Row
analog switches connect each column to a desired respective pixel on a selected row,
thereby transferring the voltage values on the columns to the respective pixel
capacitors. Voltage values on the columns may be determined by the amplitudes and/or
the pulse-width times of the current pulses being injected into the columns. One or

more current pulses may be used to charge each column to the desired voltage value.
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Referring now to the drawings, the details of preferred embodiments of the
invention are schematically illustréted. Like elements in the drawings will be represented
by like numbers, and similar elements will be represented by like numbers with a
different lower case letter suffix.

Figure 1 illustrates a schematic block diagram of a liquid crystal display system
in accordance with exemplary embodiments of the present invention. A high-level
block diagram of a system for writing vdltage values to pixels of a liquid crystal display
(LCD) is generally represented by the numeral 100. The voltage values being written to
the pixels are representative of a frame of video data. The voltage values control the
"twist" of the liquid crystal material at each pixel area so that when a light is flashed on or
through the LCD, the light polarization and ultimately the intensity of the light is
controlled by the "twist" of the liquid crystal material at each pixel area of the LCD.

For illustrative and exemplary purposes, the LCD 100 depicted in Figure 1
comprises a pixel matrix 102 of M rows 106 by N columns 104 for a total of M x N
individually addressable pixels 108. The combination of row control logic 110 and
column control logic 112 are used to select each of the pixels 108 for writing thereto in
the LCD 100, as more fully described herein. Video to pixel translation logic and a look-
up tableA(LUT) (hereinafter translation logic) 114 perform the necessary calculations and
steps to translate a video frame image 116 into discrete digital values which are sent to
digital-to-analog converters (DACs) 120, 121, 122 and 123, and the pixel location
addresses thereof are sent to the row and column control logic 110 and 112. It is
contemplated and within the scope of the present invention that any number of DACs
may be used according to exemplary embodiments of the present invention. The DACs
120, 121, 122 and 123 are current source DACs which have outputs comprising analog
current values corresponding to digital input words from the translation logic 114.

Referring now to Figure 2, a schematic block diagram of a portion of the liquid
crystal display system 100 of Figure 1 is illustrated. A portion of the pixel matrix 102 is
represented for illustrative and exemplary purposes as pixels 108aa-108dd (4 x 4 matrix),
pixel row switches 300 through 333 and pixel column switches 290 through 293. An
LCD operates by charging each pixel 108aa-108dd of the LCD 100 to desired voltage
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values. A voltage at a pixel 108 causes liquid crystals at that pixel area to change their
"twist" orientation so that light passing through the LCD 100 or being reflected is thereby
affected. The translation logic 114 uses the received video frame information 116 to
create appropriate voltage values which are representative of that portion of the video
frame at each one of the pixel locations. In addition, the translation logic 114 associates
an x-y coordinate (row-column) location for each of these pixel voltage values.

The DACs 120-123 receive digital representations of current values from the
translation logic 114 and convert these digital representations to analog current values
which must then be applied to each corresponding column 104. Each column comprises a
metal or other conductive material trace that is parallel with the ITO layer (transparent
metal coating on the LCD front cover). The column traces are insulated from the ITO
layer and the combination thereof forms the column capacitors 180, 181 and 183. Each of
the pixels 108aa-108dd is formed by a "pixel mirror" which is electrically conductive and
light reflective. Each of the pixel mirrors is parallel with the ITO layer and the
combinations thereof form the pixel capacitors 178.

Each of the columns 0, 1 and 3 has a capacitance 180, 181 and 183, respectively,
associated therewith. The capacitance 178 of each pixel may not all be the same, nor may
the capacitance 180, 181 and 183 of each column be the same. However, a column
capacitance, e.g., 180 is greater than a pixel capacitance, e.g., 178. In the exemplary
embodiments, an analog current value charges a respective column capacitance to a
desired voltage value (after the column capacitance has been precharged to a certain
value, e.g., all columns present to the same charge voltage value or discharged to zero
voltage value). The current pulse output of the DAC is connected to the column and
thereby charges the column capacitance to a desired analog voltage, each pixel in a
selected row is connected to a corresponding column (the row pixels may be connected to
the respective columns either before or after the respective columns are charged).
Therefore, the voltage on the pixel will be substantially the same as the voltage on the
corresponding column.

For example, a column(s) is charged to a certain voltage while a pixel row is

selected so that the intersection(s) thereof is the desired pixel to be charged. For example,
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columns 0-3 are charged from the DACs 120-123, respectively, when the column
switches 290-293 are closed. Pixels 108aa-108ad are charged from the columns 0-3,
respectively, when the row switches 300-303 are closed (row 0). A plurality of DACs
may be used to simultaneously charge a like number of columns, then a like number of
switches in a row may be used to charge a like number of pixels from the respective
charged columns. The column control logic 112 and row control logic 110 control
operation of the column switches 290-293 and row switches 300-333, respectively, for the
group of pixels 108aa-108dd. Other pixel groups 108 are controlled in a similar fashion.

Referring now to Figure 3, a schematic block diagram of an exemplary
embodiment of the invention is illustrated. The current DACs 120-123 are adapted to
receive digital current amplitude information from a gray scale current pulse look up
table 354. The gray scale current pulse look up table 354 receives pixel grayscale
information from the video frame to LCD pixel address and gray scale conversion
logic 352 which is adapted to convert video information 116 into corresponding pixel
information (grayscale and pixel address information). Pixel address information is sent
to an LCD pixel address controller 356 which is adapted to control the row control logic
110 and column control logic 112. The gray scale current pulse look up table 354
determines the necessary current pulse amplitude and pulse-width time duration for
charging the column capacitance to a desired voltage for transfer to the respective pixel.
The voltage to which the column capacitance is charged is a function of the integral of the
current pulse amplitude over a period of time divided by the capacitance of the column,
and any initial voltage charge on the column capacitance. The energy stored in the
column after being charged to the desired voltage is one-half the capacitance of the
column times the voltage squared. For example, power consumption (energy times time)
of an 800 x 600 pixel RGB LCD operating at 100 Hz and having an average column
capacitance of one picofarad (1E-12) would be for a worse case black frame (V = 13
volts):

0.5x 1E-12 x 13 x 13 x 800 x 600 x 3 x 100 = 12 milliwatts

Therefore, each column capacitance may be charged to a desired voltage value by

applying the correct current amplitude and width time pulse to the column. Generally
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since the pixel is already connected to its respective column, the column voltage is
thereby transferred to the pixel capacitance.

Referring now to Figure 4, a schematic block diagram of another exemplary
embodiment of the invention is illustrated. The gray scale current pulse look up
table 354 may control the current pulse amplitude and/or pulse width time of the current
DAC 120. For example, a binary digital value is applied at the input 406 of the DAC 120
which controls the amplitude value of the current from the output of the DAC 120 which
is connected to switch 408. The binary digital value may be of any bit size, e.g., 10 bits is
1024 different current amplitude values. A switch 408 may be used to control the pulse
width time of the output current from the DAC 120. The pulse width time may be
selected from a frequency at a clock input412. The clock input 412 may be from an
output of a phase-locked-loop (PLL) 410. The PLL 410 may be used to multiply the
frequency of the column clock and also to synchronize the pulse width time control 402 to
the column clock. For example, a column clock (Col_Ck) frequency may be multiplied
by ten so that there are ten different pulse width selections available using a four bit
binary or BCD signal at input 404, or eight different pulse width selections using a three
bit binary signal at input 404. For example, using an 10 bit amplitude word and a four bit
pulse-width time word results in being able to programmably charge over 10,000 different
voltage values on the column capacitance.

Referring now to Figure 5, a schematic block diagram of another exemplary
embodiment of the invention having column voltage charge feedback sensing is
illustrated. Video information 116 is received by the video frame to LCD pixel address
and gray scale conversion logic 352 and is converted into pixel information for display on
the LCD matrix 102 (Figure 1). The pixel information from the LCD pixel address and
gray scale conversion logic 352 is applied to a gray scale voltage look-up table 528 which
converts the pixel gray scale information into an equivalent gray scale digital voltage
value required at the pixel so as to obtain the desired gray scale shade from the liquid
crystal. This gray scale digital voltage value may be any number of bits in size, e.g., an 8

bit binary word.



10

15

20

25

30

WO 02/082417 . PCT/US02/10126

12

A gray scale current pulse look-up table 504 converts the gray scale digital
voltage value is into a digital current pulse value for controlling the amplitude value of a
current pulse from the DAC 120. The gray scale current pulse look-up table 504 may also
control the time duration (width) of the current pulse using the pulse width time control
402 and current output switch 408. The functional purpose of the switch 408 may be
integral with the DAC 120, e.g., an internal disable or shut down circuit in the DAC 120.
The current pulse width may be selected according to the granularity of a clock input 412,
e.g., from a phase-locked-loop (PLL) 410 which may be synchronized to a column clock
(Col_Ck) input 414. In the example illustrated in Figure 5, a selection from 1 to 10 of the
column clock is available when a 4 bit pulse-width time selection value is at the input 404
of the pulse width time control 402.

Column capacitance values may vary from one column to another, therefore
current pulses having the same value will not charge to the same voltage columns having
different capacitance values. This may be compensated for using this exemplary
embodiment by measuring a resulting voltage on a column after a current pulse has
voltage charged that column. A compensation coefficient may be determined for each
column which may be factored with a general current pulse value e.g., amplitude and
pulse-width (for all columns) to produce substantially the same voltage on each column
even though each column may have a different capacitance. Switch 518 may be closed to
connect the voltage charged column to an analog-to-digital converter (ADC) 516. The
ADC 516 measures the column voltage by converting the analog voltage to a digital
voltage value that may be input to digital comparator 526 or may be input directly to the
gray scale current pulse look-up table 504 which also comprises a column compensation
memory.

A comparison is made of the digital voltage value from the ADC 516
(representing the actual voltage on the column) and the desired gray scale voltage value
for that column. If the comparison results in a difference between the desired and actual
voltages on the column, a correction factor may be stored in the column compensation
memory so that any variation from one column capacitance to another is thereby

compensated for and the same gray scale current pulse value for a certain pixel voltage
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from the gray scale voltage look-up table 528 may be used regardless of any variations in
the column capacitance. Column capacitance variation compensation may be performed
upon start-up of the LCD system 100, during a test and calibrate mode, or performed
during normal operation of the LCD system 100.

Referring now to Figure SA, a schematic block diagram of another exemplary
embodiment of the invention having column voltage charge feedback sensing is
illustrated. Video information 116 is received by the video frame to LCD pixel address
and gray scale conversion logic 352 and is converted into pixel information for display on
the LCD matrix 102 (Figure 1). The pixel information from the LCD pixel address and
gray scale conversion logic 352 is applied to a gray scale voltage look-up table 528 which
converts the pixel gray scale information into an equivalent gray scale digital voltage
value required at the pixel so as to obtain the desired gray scale shade from the liquid
crystal. This gray scale digital voltage value may be any number of bits in size, e.g., an 8
bit binary word.

A gray scale current pulse look-up table 504 converts the gray scale digital
voltage value is into a digital current pulse value for controlling the amplitude value of a
current pulse from the DAC 120. The gray scale current pulse look-up table 504 may also
control the time duration (width) of the current pulse using the pulse width time control
402 and current output switch 408. The functional purpose of the switch 408 may be
integral with the DAC 120, e.g., an internal disable or shut down circuit in the DAC 120.
The current pulse width may be selected according to the granularity of a clock input 412,
e.g., from a phase-locked-loop (PLL) 410 which may be synchronized to a column clock
(Col_Ck) input 414. In the example illustrated in Figure 5, a selection from 1 to 10 of the
column clock is available when a 4 bit pulse-width time selection value is at the input 404
of the pulse width time control 402.

Column capacitance values may vary from one column to another, therefore
current pulses having the same value will not charge to the same voltage columns having
different capacitance values. This may be compensated for using this exemplary
embodiment by measuring a resulting voltage on a column after a current pulse has

voltage charged that column. A compensation coefficient may be determined for each
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column which may be factored with a general current pulse value e.g., amplitude and
pulse-width (for all columns) to produce substantially the same voltage on each column
even though each column may have a different capacitance.

Switch 518 may be closed to connect the voltage charged column to an input of an
analog voltage comparator 566. Another input of the comparator 566 is connected to a
DAC 556. The DAC 556 generates an analog voltage from digital information from the
gray scale voltage look-up table 528. The comparator 566 determines whether the voltage
from switch 518 (representing the actual voltage on the column) is less than, equal to, or
greater than the voltage from the DAC 556, the desired gray scale voltage value for that
column. It is contemplated and within the scope of the present invention that the DAC
556 and comparator 566 functions may be combined into one mixed signal (analog and
digital) comparator circuit having a single analog input, a digital reference value input,
and a comparison output.

The results of the comparison from the comparator 566 is output to the gray scale
current pulse look-up table 504. If the comparison results in a difference between the
desired and actual voltages on the column, a correction factor may be stored in the
column compensation memory 504 so that any variation from one column capacitance to
another is thereby compensated for and the same gray scale current pulse value for a
certain pixel voltage from the gray scale voltage look-up table 528 may be used regardless
of any variations in the column capacitance. Column capacitance variation compensation
may be performed upon start-up of the LCD system 100, during a test and calibrate mode,
or performed during normal operation of the LCD system 100.

Referring now to Figure 6, a schematic block diagram of another exemplary
embodiment of the invention having automatic capacitance compensation is illustrated.
Video information 116 is received by the video frame to LCD pixel address and gray
scale conversion logic 352 and is converted into pixel information for display on the LCD
matrix 102 (Figure 1). The pixel information from the LCD pixel address and gray scale
conversion logic 352 is applied to a gray scale voltage look-up table 528 which converts
the pixel gray scale information into an equivalent gray scale digital voltage value

required at the pixel so as to obtain the desired gray scale shade from the liquid crystal.
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This gray scale digital voltage value may be any number of bits in size, e.g., an 8 bit
binary word.

A gray scale current pulse look-up table 504 converts the gray scale digital
voltage value is into a digital current pulse value for controlling the amplitude value of a
current pulse from the DAC 120. The gray scale current pulse look-up table 504 may also
control the time duration (width) of the current pulse using the pulse width time control
402 and current output switch 408. The functional purpose of the switch 408 may be
integral with the DAC 120, e.g., an internal disable or shut down circuit in the DAC 120.
The current pulse width may be selected according to the granularity of a clock input 412,
e.g., from a phase-locked-loop (PLL) 410 which may be synchronized to a column clock
(Col_CKk) input 414. In the example illustrated in Figure 6, a selection from 1 to 10 of the
column clock is available when a 4 bit pulse-width time selection value is at the input 404
of the pulse width time control 402.

Column capacitance values may vary from one column to another, therefore
current pulses having the same value will not charge to the same voltage columns having
different capacitance values. This may be compensated for using this exemplary
embodiment by adding capacitance to a column to achieve an average value of
capacitance for each column. Columns having a larger capacitance would require little or
no added capacitance and columns having a smaller capacitance would require a greater
amount of capacitance added thereto. Capacitors 620 are controllably connected to a
column through switches 622 which are controlled by a column capacitance
compensation circuit 624. The capacitors 620 may be arranged in a binary value order,
e.g., capacitor 620a is 8C, capacitor 620b is 4C, capacitor 620c is 2C and capacitor 620d
is C, where C is the capacitor value.

The required amount of capacitance to be added to each column may be
determined by measuring a resulting voltage on a column after a current pulse has voltage
charged that column. Switch 518 may be closed to connect the voltage charged column
to an analog-to-digital converter (ADC) 516. The ADC 516 measures the column voltage
by converting the analog voltage to a digital voltage value that may be input to

comparator 526. A comparison is made of the digital voltage value from the ADC 516
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(representing the actual voltage on the column) and the desired gray scale voltage value
for that column. If the comparison results in a difference between the desired and actual
voltages on the column, the column capacitance compensation 624 can increase or
decrease the amount of capacitance of the column by switching an appropriate value of
the capacitors 620. The required selection of the capacitors 620 may then be stored in a
column compensation memory 626 so that any variation from one column capacitance to
another is thereby compensated for and the same gray scale current pulse value for a
certain pixel voltage from the gray scale voltage look-up table 528 may be used regardless
of any variations in the colﬁmn capacitance. For example, column selection information
may be obtained from the column switch control logic 112. Column capacitance
variation compensation may be performed upon start-up of the LCD system 100, during a
test and calibrate mode, or performed during normal operation of the LCD system 100.

Referring now to Figure 6A, a schematic block diagram of another exemplary
embodiment of the invention having automatic capacitance compensation is illustrated.
Video information 116 is received by the video frame to LCD pixel address and gray
scale conversion logic 352 and is converted into pixel information for display on the LCD
matrix 102 (Figure 1). The pixel information from the LCD pixel address and gray scale
conversion logic 352 is applied to a gray scale voltage look-up table 528 which converts
the pixel gray scale information into an equivalent gray scale digital voltage value
required at the pixel so as to obtain the desired gray scale shade from the liquid crystal.
This gray scale digital voltage value may be any number of bits in size, e.g., an 8 bit
binary word. |

A gray scale current pulse look-up table 504 converts the gray scale digital
voltage value is into a digital current pulse value for controlling the amplitude value of a
current pulse from the DAC 120. The gray scale current pulse look-up table 504 may also
control the time duration (width) of the current pulse using the pulse width time control
402 and current output switch 408. The functional purpose of the switch 408 may be
integral with the DAC 120, e.g., an internal disable or shut down circuit in the DAC 120.
The current pulse width may be selected according to the granularity of a clock input 412,

e.g., from a phase-locked-loop (PLL) 410 which may be synchronized to a column clock
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(Col_Ck) input 414. In the example illustrated in Figure 6, a selection from 1 to 10 of the
column clock is available when a 4 bit pulse-width time selection value is at the input 404
of the pulse width time control 402.

Column capacitance values may vary from one column to another, therefore
current pulses having the same value will not charge to the same voltage columns having
different capacitance values. This may be compensated for using this exemplary
embodiment by adding capacitance to a column to achieve an average value of
capacitance for each column. Columns having a larger capacitance would require little or
no added capacitance and columns having a smaller capacitance would require a greater
amount of capacitance added thereto. Capacitors 620 are controllably connected to a
column through switches 622 which are controlled by a column capacitance
compensation circuit 624. The capacitors 620 may be arranged in a binary value order,
e.g., capacitor 620a is 8C, capacitor 620b is 4C, capacitor 620c is 2C and capacitor 620d
is C, where C is the capacitor value.

The required amount of capacitance to be added to each column may be
determined by measuring a resulting voltage on a column after a current pulse has voltage
charged that column. Switch 518 may be closed to connect the voltage charged column
to an input of an analog voltage comparator 566. Another input of the comparator 566 is
connected to a DAC 556. The DAC 556 generates an analog voltage from digital
information from the gray scale voltage look-up table 528. The comparator 566
determines whether the voltage from switch 518 (representing the actual voltage on the
column) is less than, equal to, or greater than the voltage from the DAC 556, the desired
gray scale voltage value for that column. It is contemplated and within the scope of the
present invention that the DAC 556 and comparator 566 functions may be combined into
one mixed signal (analog and digital) comparator circuit having a single analog input, a
digital reference value input, and a comparison output.

This determination is output from the comparator 566 to the column capacitance
compensation circuit 624. If the desired voltage (from the gray scale voltage look-up
table 528) and the actual voltage on the column (from switch 518 are not equal then the

column capacitance compensation 624 can increase or decrease the amount of capacitance
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of the column by switching an appropriate value of the capacitors 620. The required
selection of the capacitors 620 may then be stored in a column compensation memory 626
so that any variation from one column capacitance to another is thereby compensated for
and the same gray scale current pulse value for a certain pixel voltage from the gray scale
voltage look-up table 528 may be used regardless of any variations in the column
capacitance. For example, column selection information may be obtained from the
column switch control logic 112. Column capacitance variation compensation may be
performed upon start-up of the LCD system 100, during a test and calibrate mode, or
performed during normal operation of the LCD system 100.

The required selection of the capacitors 620 may determined during
manufacture and/or final testing of the LCD. The desired selection of the capacitors
620 for each column 104 may be stored in an electrically programmable read only
memory (EPROM) or electrically erasable and programmable read only memory
(EEPROM) which may comprise the column capacitance memory 626.

Referring to Figure 7, depicted is a schematic block diagram of another
exemplary embodiment having programmable fuse links for connecting compensation
capacitors to each column. A column 104 may be connected to a plurality of capacitors
720 that are connected in a series-parallel combination. Fuse links 722 are further
connected to the series-parallel combination of capacitors 720 and are adapted to be
selectively blown during manufacturing and/or final testing of the LCD. Certain ones
of the fuse links 722 are blown (open) so as to put in a parallel connected capacitor 720
or remove a series connected capacitor(s) 720 for compensating the column 104
capacitance. FEach of the columns 104 may have a series-parallel connected
compensation capacitor array so that during manufacture and/or final testing each of the
columns 104 may be adjusted to have substantially the same capacitance. Three
separate series connected -capacitor strings are illustrated (720a, 720b and 720c) but one
of ordinary skill in the art will readily understand, having the benefit of this disclosure,
that any number and connection combination of capacitors 720 and fuse links 722 may

be utilized for compensating the capacitance of each column 104.
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It is contemplated and within the scope of the embodiments of the present
invention that the LCD and LCD system may be partially or entirely fabricated on a
semiconductor integrated circuit.

The invention, therefore, is well adapted to carry out the objects and attain the
ends and advantages mentioned, as well as others inherent therein. While the
invention has been depicted, described, and is defined by reference to exemplary
embodiments of the invention, such references do not imply a limitation on the
invention, and no such limitation is to be inferred. The invention is capable of
considerable modification, alternation, and equivalents in form and function, as will
occur to those ordinarily skilled in the pertinent arts and having the benefit of this
disclosure. The depicted and described embodiments of the invention are exemplary
only, and are not exhaustive of the scope of the invention. Consequently, the
invention is intended to be limited only by the spirit and scope of the appended

claims, giving full cognizance to equivalents in all respects.
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CLAIMS

1. A system using a current controlled charging circuit for charging columns of a
liquid crystal display, said system comprising:

a liquid crystal display (LCD) having a matrix of liquid crystal pixels, said
matrix comprising a plurality of columns and a plurality of rows, wherein an
intersection of a row and a column defines a location of a pixel; and

at least one digital-to-analog converter (DAC) adapted to receive digital inputs
representative of pixel gray scales, said at least one DAC having an output adapted for
charging each of said plurality of columns to voltages representing said pixel gray
scales, wherein the output comprises current source pulses having amplitudes and
pulse-widths that charge each of said plurality of columns to said voltages.

2. The system of claim 1, wherein a plurality of row switches selectively couples
said matrix of pixels to said plurality of columns.

3. The system of claim 2, wherein a plurality of column switches selectively
couples the output of said at least one DAC to each of said plurality of columns.

4. The system of claim 3, wherein column control logic controls said plurality of
column switches and row control logic controls said plurality of row switches.

5. The system of claim 4, further comprising an LCD pixel matrix address
controller adapted for controlling said column and row control logic.

6. The system of claim 5, further comprising a video frame to LCD pixel matrix
address logic coupled to said LCD pixel matrix address controller, said video frame to
LCD pixel matrix address logic adapted to receive video information and generate LCD
pixel matrix addresses for said LCD pixel matrix address controller.

7. The system of claim 1, further comprising a gray scale current pulse look-up
table adapted for converting said pixel gray scales into the digital inputs received by
said at least one DAC.

8. The system of claim 7, further comprising a gray scale conversion logic coupled

to said gray scale current pulse look-up table.



10

15

20

25

WO 02/082417 PCT/US02/10126

21

9. The system of claim 8, wherein said gray scale conversion logic is adapted to
receive video information and generate said pixel gray scales for said gray scale
conversion logic.

10. The system of claim 1, further comprising a pulse-width time control circuit for
controlling the pulse-widths of said current source pulses.

11.  The system of claim 10, wherein said pulse-width time control circuit is coupled
to a gray scale current pulse look-up table.

12. The system of claim 10, wherein said pulse-width time control circuit is
synchronized with a column clock.

13. The system of claim 12, further comprising a phase-locked-loop (PLL) coupled
between the column clock and a clock input to said pulse-width time control circuit,
wherein said PLL is adapted to synchronize said clock input with said column clock.

14.  The system of claim 13, wherein said PLL generates said clock input to said
pulse-width time control circuit.

15. The system of claim 1, further comprising an analog-to-digital converter (ADC)
for converting said voltages on said columns to digital voltage values.

16. The system of claim 15, further comprising a digital comparator for comparing
said voltages representing said pixel gray scales with said digital voltage values from
said ADC.

17. The system of claim 16, wherein comparisons of said voltages representing said
pixel gray scales with said digital voltage values are used in determining compensation
coefficients for each of said plurality of columns having different capacitance values.
18. The system of claim 17, further comprising a memory for storing said
compensation coefficients.

19. The system of claim 1, wherein each of said plurality of columns has
substantially the same capacitance.

20. The system of claim 1, wherein each of said plurality of columns is

compensated to have substantially the same capacitance.
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21. The system of claim 20, further comprising at least one capacitor connected to
some ones of said plurality of columns such that each of said plurality of columns has
substantially the same capacitance as another column.

22. The system of claim 21, further comprising a column capacitance compensation
circuit and at least one switch for coupling said at least one capacitor to said some ones
of said plurality of columns.

23.  The system of claim 22, further comprising a column capacitance compensation
memory coupled to said column capacitance compensation circuit, said column
capacitance compensation memory storing connection setting for said at least one
switch for coupling said at least one capacitor to said some ones of said plurality of
columns.

24.  The system of claim 21, wherein said at least one capacitor is a plurality of
capacitors having capacitance values in a binary progression.

25.  The system of claim 1, wherein said LCD is fabricated on a semiconductor
integrated circuit.

26.  The system of claim 25, wherein said at least one DAC is fabricated on said
semiconductor integrated circuit.

27.  The system of claim 3, wherein said plurality of column switches and said
plurality of row switches are fabricated on a semiconductor integrated circuit.

28.  The system of claim 4, wherein said column control logic and said row control
logic are fabricated on a semiconductor integrated circuit.

29.  The system of claim 5, wherein said LCD pixel matrix address controller is
fabricated on a semiconductor integrated circuit.

30.  The system of claim 6, wherein said video frame to LCD pixel matrix address
logic is fabricated on a semiconductor integrated circuit.

31.  The system of claim 7, wherein said gray scale current pulse look-up table is
fabricated on a semiconductor integrated circuit.

32.  The system of claim 8, wherein said gray scale conversion logic is fabricated on

a semiconductor integrated circuit.
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33. The system of claim 10, wherein said pulse-width time control circuit is
fabricated on a semiconductor integrated circuit.
34. The system of claim 11, wherein said gray scale current pulse look-up table is
fabricated on a semiconductor integrated circuit.
35.  The system of claim 16, wherein said comparator and said ADC are fabricated
on a semiconductor integrated circuit.
36.  The system of claim 22, wherein said column capacitance compensation circuit
and said at least one switch are fabricated on a semiconductor integrated circuit.
37. A current controlled charging circuit adapted for charging columns of a liquid
crystal display having a matrix of liquid crystal pixels, said current controlled charging
circuit comprising:

at least one digital-to-analog converter (DAC) adapted to receive digital inputs
representative of pixel gray scales, said at least one DAC having an output adapted for
charging each of a plurality of columns of a liquid crystal display (LCD) to voltages
representing said pixel gray scales, wherein the output comprises current source pulses
having amplitudes and pulse-widths that charge each of said plurality of columns to
said voltages.
38.  The current controlled charging circuit of claim 37, further comprising a gray
scale current pulse look-up table adapted for converting said pixel gray scales into the
digital inputs received by said at least one DAC.
39.  The current controlled charging circuit of claim 38, further comprising a gray
scale conversion logic coupled to said gray scale current bulse look-up table.
40.  The current controlled charging circuit of claim 39, wherein said gray scale
conversion logic is adapted to receive video information and generate said pixel gray
scales for said gray scale conversion logic. 4
41.  The current controlled charging circuit of claim 37, further comprising a pulse-
width time control circuit for controlling the pulse-widths of said current source pulses.
42.  The current controlled charging circuit of claim 41, wherein said pulse-width

time control circuit is coupled to a gray scale current pulse look-up table.
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43.  The current controlled charging circuit of claim 41, wherein said pulse-width
time control circuit is synchronized with a column clock.
44, The current controlled charging circuit of claim 43, further comprising a phase-
locked-loop (PLL) coupled between the column clock and a clock input to said pulse-
width time control circuit, wherein said PLL is adapted to synchronize said clock input
with said column clock.
45.  The current controlled charging circuit of claim 44, wherein said PLL generates
said clock input to said pulse-width time control circuit.
46.  The current controlled charging circuit of claim 37, further comprising a
comparator circuit for comparing said voltages representing said pixel gray scales with
said voltages from said ADC.
47. The current controlled charging circuit of claim 46, wherein comparisons of said
voltages representing said pixel gray scales with said voltage are used in determining
compensation coefficients for each of said plurality of columns having different
capacitance values.
48.  The current controlled charging circuit of claim 47, further comprising a
memory for storing said compensation coefficients.
49. A method using a current controlled charging circuit for charging columns of a
liquid crystal display, said method comprising the steps of:

providing a liquid crystal display (LCD) having a matrix of liquid crystal pixels,
said matrix comprising a plurality of columns and a plurality of rows, wherein an
intersection of a row and a column defines a location of a pixel; and

charging with a current controlled charging circuit each of said plurality of
columns to voltages representing pixel gray scales.
50. The method of claim 49, wherein the current controlled charging circuit is a
current output digital-to-analog converter (DAC).
51. The method of claim 49, further comprising the step of selectively coupling said
matrix of pixels to said plurality of columns.
52. The method of claim 49, wherein the step of charging is done with current

pulses.
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53.  The method of claim 52, further comprising the step of controlling amplitudes
of said current pulses.

54.  The method of claim 52, further comprising the step of controlling pulse-widths
of said current pulses.

55.  The method of claim 54, wherein the pulse-widths are determined with a gray
scale current pulse look-up table.

56.  The method of claim 49, further comprising the step of measuring the voltages
on said plurality of columns.

57.  The method of claim 56, further comprising the step of comparing the voltages
representing the pixel gray scales with the voltages measured on said plurality of
columns.

58. The method of claim 57, further comprising the step of determining
compensation coefficients from differences between the voltages representing the pixel
gray scales and the voltages measured on said plurality of columns for each of said
plurality of columns.

59. The method of claim 58, further comprising the step of storing the
compensation coefficients in a memory.

60.  The method of claim 49, further comprising the step of adding compensating
capacitance to said plurality of columns such that each of said plurality of columns has
substantially the same capacitance as the others.

61.  The system of claim 1, further comprising a circuit for setting said plurality of
columns to a desired voltage before charging said plurality of columns to said voltages.
62. The system of claim 61, wherein the desired voltage is substantially zero.

63.  The system of claim 1, further comprising a circuit for discharging said plurality
of columns before charging said plurality of columns to said voltages.

64.  The system of claim 1, further comprising a comparison circuit for comparing
said voltages representing said pixel gray scales with said voltages on said columns,
said comparison circuit output being used in determining compensation coefficients for

each of said plurality of columns having different capacitance values.
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65. The system of claim 20, wherein each of said plurality of columns is
compensated with a fuse link connected plurality of capacitors.

66.  The method of claim 60, wherein the step of adding compensating capacitance
to said plurality of columns comprises the steps of blowing fuse links connected to a

plurality of compensation capacitors.
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Minimum documentation searched (classification system followed by classification symbols)
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EPO-Internal, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

figure 1

column 3, line 58 -column 4, line 7;

Y WO 00 28516 A (FAN NONGQIANG) 1,2,
18 May 2000 (2000-05-18) 7-10,
37-41,
49,51
page 23, line 1 -page 23, line 27; figure
10A
Y US 5 767 829 A (VERHULST ANTONIUS G H) 1,2,
16 June 1998 (1998-06-16) 7-10,
37-41,
49,51
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Further documents are listed in the continuation of box C.
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"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

“L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

"p* document published prior to the international filing date but
Jater than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu-
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inthe an.
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Box |

Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1.

2.

s []

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such

an extent that no meaningful International Search can be carried out, specifically:

Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il

Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1.[:]

B.D

see additional sheet

As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this International Search Repornt
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-14, 19, 25-34, 37-45, 49-55, 61-63

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ASA/ 216

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-14, 19, 25-34, 37-45, 49-55, 61-63

Independent apparatus claim 37 claims subject matter
directed to a current controlled charging circuit for a
liquid crystal display. Independent apparatus claim 1 claims
subject matter directed to a liquid crystal display
comprising said charging circuit. Independent method claim
49 c}aims subject matter directed to charging columns of a
display.

Document WO 00728516 (- hereinafter D1) discloses (- cf.
independent claim 37) a current controlled charging circuit
(- Fig. 10a) adapted for charging [rows] of a Liquid Crystal
Display having a matrix of liquid crystal pixels (- "ACTIVE
MATRIX LCD [...]" - TITLE), said current controlled charging
circuit comprising:

at least one Digital to Analog Converter (- 41, 42, 43 -
Fig. 10a) adapted to receive digital inputs (- "data voltage
Vdata (i) is fetched from video memory" - page 23, line 18,
and Fig. 10a) representative of pixel grey scales, said at
least one DAC having an output (- via switch 42 - Fig. 10a)
for charging each of said plurality of [rows] to voltages
representing said pixel grey scales (- i.e. there are at
least as many DACs as there are [rows]), wherein the output
comprises current source pulses (- 10 - Fig. 10a) having
amplitudes (- i.e. constant) and pulse widths (- i.e.
dependent on output comparator 43) that charge each of said
plurality of [rows] to said voltages .

In addition (- cf. claims 1 and 49), incorporation of said
charging circuit in a LCD, and steps of providing a LCD and
charging [rows] thereof with current pulses are also
implicitly disclosed by DI1.

The respective subject matters of independent claims 37, 1
and 49 therefore differ from that disclosed in D1 merely in
that it is mentioned in said claims that data voltages are
applied to columns of the display, i.e. rather than to rows
as disclosed in D1. However such a difference is considered
to be of a trivial nature, i.e. as indicated in e.g. US
5767829 (- hereinafter D2) which discloses data voltages
being applied via column electrodes (- "data electrodes 4" -
col. 3, lines 61-62 and Fig. 1). As such therefore, the
subject matters of independent claims 37, 1 and 49 are not
considered to involve an inventive step (- Article 33(3)
PCT) over that disclosed in DI.

Consequently the concept linking all of claims 1-66 is not
considered to be one which involves an inventive step
("single general inventive concept” - Rule 13.1 PCT).

page 1 of 2
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

1.1. Claims: 2-6, 50-52
Directed to essentialy conventional circuitry for
controlling the charging of columns of a liquid

crystal display.

1.2. Claims: 7-10, 38-41, 54-55
Directed to the use of grey scale current pulse
look-up tables for pulse width control

1.3. Claims: 11-14, 42-45
Directed to synchronization between a column clock and
a clock input of a pulse width time control circuit

1.4. Claims: 61-63
Directed to precharging of columns to an intermediate
level prior to charging of the columns to desired

voltages.

2. Claims: 15-18, 46-48, 56-59

Directed to the use of adaptive feedback in which
measurements of voltages taken from the columns are used in
the determination of compensation coefficients which are
used in adjusting the voltages applied to the columns.

In addition, it is submitted that advantages obtained

" pugh use of said compensation coefficients may be
achieved irrespective of whether the charging circuit uses
pulse width modulation of current pulses or e.g. amplitude
modulation of voltage sources.

3. Claims: 20-24, 35-36, 60, 64-66

Directed to the use of compensation capacitors which may be
switched, i.e. either during normal operation or during a
test mode, in order to ensure each column of the LCD panel
has substantially the same capacitance.

In addition, it is submitted that the advantages obtained by
such compensation is independent of whether or not the
display is driven using pulse width modulation of current
pulses or e.g. amplitude modulation of voltage sources.

Please note that all inventions mentioned under item 1, although not
necessarily linked by a common inventive concept, could be searched
without effort justifying an additional fee.
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