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DISPLAY SYSTEM WITH FRAME BUFFER
AND POWER SAVING SEQUENCE

FIELD OF THE INVENTION

The present invention relates to the field of LCDs (liquid
crystal displays), and, more specifically, to a method of
scanning an LCD with reduced power dissipation.

BACKGROUND OF THE INVENTION

Liquid crystal displays (LCDs) are degraded when subject
to a long-term DC potential. A long-term DC potential
across pixel electrodes creates an electric field that causes
electroplating of ion impurities in the liquid crystal onto the
electrodes. Electroplating of the ion impurities creates a
residual field on the pixel electrodes that causes image
retention on the display.

Drive voltages on an LCD typically have a DC compo-
nent of approximately zero in order to minimize degradation
of the LCD. A pixel is typically driven with alternating drive
voltages that provide the RMS voltage value to display an
image while maintaining an approximately zero average
voltage on the pixel. A pixel will have approximately the
same brightness when it is driven at the same magnitude at
the opposite polarity.

The four polarity schemes that are typically used to drive
a display are frame inversion, line inversion, column inver-
sion, and dot inversion. The pixels in a display are addressed
sequentially by rows, beginning with row 1. All of the pixels
in a row have a common plate and gate lines.

FIG. 1 illustrates an example of frame inversion. Every
pixel in a frame is charged with the same polarity when
frame inversion is used. Each pixel is driven with the
opposite polarity on the subsequent frame. The polarity is
reversed after every change in frame to ensure an average
DC potential of zero.

FIG. 2 illustrates an example of line inversion. Adjacent
lines on the panel are charged with opposite polarities when
line inversion is used. The polarity is reversed before each
new frame is scanned to ensure an average DC potential of
Zero.

FIG. 3 illustrates an example of column inversion. Pixels
in adjacent columns are charged with opposite polarities
when column inversion is used. The polarities of the pixels
in each column in a frame are the same. However, the
polarity of each column is reversed in each frame. For
example, in Frame N as shown in FIG. 3, columns 1 and 3
are charged with a positive polarity, and columns 2 and 4 are
charged with a negative polarity. In the next frame, Frame
N+1, columns 1 and 3 are charged with a negative polarity,
and columns 2 and 4 are charged with a positive polarity.

FIG. 4 illustrates an example of dot inversion. Adjacent
pixels in both the horizontal and vertical directions have
opposite polarities when dot inversion is used. The polarity
of each pixel is reversed before each new frame is scanned
to ensure an average DC potential of zero.

Frame inversion and line inversion can be accomplished
with a driving technique known as Common Plate Voltage
(Veom) modulation. Drivers with a low-voltage output
range (typically SV) may be used when Veom modulation is
implemented.

There are three artifacts that can occur on LCDs that can
be affected by the polarity scheme: flicker, horizontal cross-
talk, and vertical cross-talk. Frame inversion is subject to
flicker, horizontal cross-talk, and vertical cross-talk. Line
inversion reduces flicker and vertical cross-talk while col-
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umn inversion reduces flicker and horizontal cross-talk. Dot
inversion reduces flicker, horizontal cross-talk, and vertical
cross-talk, and results in the highest quality image.

The power dissipation associated with driving an LCD is
affected by the polarity inversion scheme being used. The
power required to drive the display is proportional to the
frequency of polarity reversal of the column line voltages.
Frame and column inversion have a polarity reversal fre-
quency equal to the frame rate, while line and dot inversion
have a polarity reversal with every line in every frame. Thus,
if the LCD has 240 rows, line inversion consumes approxi-
mately 240 times as much power as frame inversion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates frame inversion according to the prior
art.

FIG. 2 illustrates line inversion according to the prior art.

FIG. 3 illustrates column inversion according to the prior
art.

FIG. 4 illustrates dot inversion according to the prior art.

FIG. 5Ais a flow chart that illustrates an example process
for an LCD;

FIG. 5B is a flow chart that illustrates another example
process for an LCD;

FIG. 6 illustrates an example display system;

FIG. 7 illustrates a first example of a gate driver;

FIG. 8 illustrates a second example of a gate driver;

FIG. 9 illustrates a third example of a gate driver; and

FIG. 10 illustrates an example embodiment of the display
system of FIG. 6, according to aspects of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Throughout the specification and claims, the following
terms take the meanings explicitly associated herein, unless
the context clearly dictates otherwise. The meaning of “a,”
“an,” and “the” includes plural reference, the meaning of
“in” includes “in” and “on.” The term “connected” means a
direct electrical connection between the items connected,
without any intermediate devices. The term “coupled”
means either a direct electrical connection between the items
connected, or an indirect connection through one or more
passive or active intermediary devices. The term “circuit”
means either a single component or a multiplicity of com-
ponents, either active and/or passive, that are coupled
together to provide a desired function. The term “signal”
means at least one current, voltage, charge, or data signal.
Referring to the drawings, like numbers indicate like parts
throughout the views.

The invention is related to a novel display scan sequence
with reduced power dissipation. The invention is further
related to a novel scan sequence and modified polarity
reversal scheme that achieves a display with line inversion
or dot inversion polarity patterns observable at the pixel
locations. A display with line inversion or dot inversion
polarities patterns observable at the pixels patterns is
achieved while toggling the drive polarity of the column
voltages at a rate significantly slower than once per line. The
invention is further related changing the sequence of scan-
ning the rows such that all of the rows with a first polarity
are scanned first, and the rows with the opposite polarity are
scanned subsequently.

The invention is further related to obtaining the power
consumption advantages of frame or column inversion while
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obtaining the image quality advantages of line or dot inver-
sion. According to one example, the invention is related to
providing reduced power dissipation relative to a conven-
tionally scanned display, which can be an important feature
in portable products such as cell-phone handsets, PDAs, and
Palm PCs, since the display AC power can be a significant
percentage of the system power. According to one example,
the invention is related to eliminating the need for partially
scanned displays during system standby modes for handset
applications.

FIG. 5A illustrates an example process (500) for an LCD,
according to aspects of the invention. Processing begins at
start block 502.

After start block 502, processing proceeds to block 504.
At block 504, a first set of polarities for the column drivers
is selected. For example, if a line inversion pattern resulting
at the pixel locations is desired, each column may be
selected at the same polarity, either positive or negative.
Alternatively, if a dot inversion pattern resulting at the pixel
locations is desired, each of the adjacent columns may be
selected to have an alternating polarity. The first set of
polarities for the column drivers is selected such that an
associated voltage of each pixel corresponds to approxi-
mately zero over time. Processing then proceeds from block
504 to block 506.

At block 506, a first subframe is processed. For example,
the first subframe may include the set of all even lines in the
frame. Processing proceeds from block 506 to block 508. At
block 508, a second set of polarities for the column drivers
is selected. For example, the second set of polarities for each
of the column drivers may correspond to the opposite
polarity selected for each of the column drivers in the first
set of polarities. According to one line inversion example,
each column may be selected to have a positive polarity in
the first set of polarities, and each column may be selected
to have a negative set of polarities in the second set of
polarities. According to one dot inversion example, the first
set of polarities may be a positive polarity for each of the odd
column drivers, and a negative polarity for each of the even
column drivers. The second set of polarities for the dot
inversion of example may then be a negative polarity for
each of the odd column drivers, and a positive polarity for
each of the even column drivers. The second set of polarities
for the column drivers is selected such that an associated
voltage of each pixel corresponds to approximately zero
over time.

The process then proceeds from block 508 to block 510.
At block 510, the lines in the second subset are processed.
For example, the second subset may include all of the odd
lines in the frame.

FIG. 5B illustrates another example process (550) for an
LCD, according to aspects of the invention. Processing
begins at start block 552.

After start block 552, the process proceeds to block 554.
At block 554, a line address is initialized to correspond to a
first line in a first subframe of the next frame. Each frame
comprises a plurality of subframes. For example, the frame
may comprise two subframes, where the first subframe
consists of every odd line in the frame, and the second frame
consists of every even line in the frame. The process then
proceeds from block 554 to block 556. At block 556, the
current line is read from the video memory. The process then
proceeds from block 556 to block 558. At block 558, the row
that corresponds to the current line address is scanned. The
process then proceeds from block 558 to decision block 560.
At decision block 560, the process determines whether the
current line is the last line in the current subframe. The
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process proceeds from decision block 560 to block 563
when the current line is the last line in the current subframe.
Alternatively, the process proceeds from decision block 560
to block 562 when the current line is the not last line in the
current subframe. At block 562, the line address is adjusted
to correspond to the next line in the current subframe.
According to one example, the line address is incremented
by two. The next line in the current set refers to the next line
in a modified scan sequence order of the lines in the current
subframe. The process then proceeds from block 562 to
block 556.

At decision block 563, an evaluation is made whether all
subframes in the frame have been processed. The process
proceeds from decision block 563 to decision block 568
when all subframes in the frame have been processed.
Alternatively, the process proceeds from decision block 563
to block 564 when not all of the subframes in the frame have
been processed. At block 564, the polarities of the column
drivers are toggled. The process then proceeds from block
564 to block 566. At block 566, the line address is adjusted
to correspond to a first line of a next subframe of the current
frame. For example, the next subframe may consist of every
even line in the current frame. The process then proceeds
from block 566 to block 556.

At decision block 568, the process evaluates whether the
polarities of the column drivers are correct. The polarities of
the column drivers are correct when the polarities of the
column drivers correspond to polarities that are opposite of
the polarities that the column drivers had when a next row
to be scanned was previously scanned. The process proceeds
from decision block 568 to block 554 when the polarities of
the column drivers are correct. Alternatively, the process
proceeds from decision block 568 to block 570 when the
polarities of the column drivers are not correct. At block 570,
the polarities of the column drivers are toggled. Processing
then proceeds from block 570 to block 554.

The modified scan sequence order may correspond to a
predetermined order. Alternatively, the modified scan
sequence order may correspond to a random or pseudo-
random order. Selecting a modified scan sequence order that
corresponds to a random order may reduce cross-talk arti-
facts.

FIG. 6 illustrates a display system (600) that is arranged
in accordance with aspects of the invention. Display system
600 includes LCD 604, column driver circuit 606, gate
driver circuit 608, display control circuit 612, video memory
circuit 614, and VCOM driver circuit 616.

Video memory circuit 614 has an input that is coupled to
node N620 and an output that is coupled to node N628.
Display control circuit 612 has an input that is coupled to
node N626, a first output that is coupled to node N620, a
second output that is coupled to node N622, a third output
that is coupled to node N624, and a fourth output that is
coupled to node N630. Column driver circuit 606 has a first
input that is coupled to node N622, a second input that is
coupled to node N628, and an output that is coupled to node
N640. Gate driver circuit 608 has an input that is coupled to
node N624 and an output that is coupled to node N642.
Veom driver circuit 616 has an input that is coupled to node
N630 and an output that is coupled to node N632. LCD 604
is coupled to node N640, node N642, and node N632.

Column driver circuit 606 is configured to perform D/A
conversion and to drive the columns in LCD 604. Column
driver circuit 606 is configured to drive electrodes on the
glass that run vertically, where each electrode is tied to
transistors on that column. Column driver 606 includes a
line buffer. According to one example, each of the column
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drivers drives an associated column of the LCD (604).
According to another example, each column driver drives
multiple columns.

Veom driver circuit 616 is configured to provide a com-
mon plate voltage to a common plate of LCD 604. Line
inversion can be accomplished through Vcom modulation.
The common plate voltage is modulated synchronously with
the column driver outputs when Vcom modulation is imple-
mented. Alternatively, Vcom driver circuit 616 is configured
to provide a stable common plate voltage when Vcom
modulation is not implemented.

Gate driver circuit 608 is configured to scan each of the
rows in the same modified scan sequence order that the lines
are read from video memory circuit 614, as explained in
greater detail below.

Video memory circuit 614 is configured to store the
display image data. Display control circuit 612 is configured
to arbitrate data being written from a microprocessor (616)
and data being read for display refresh, and control the
refresh sequence for LCD 604. Display control circuit 612
is further configured to receive data for display from micro-
processor 616, transfer the data to video memory circuit 614,
and control the transfer of data to column driver 606.
Display control circuit 612 is further configured to send a
signal to column driver circuit 606 that controls the polarity
of column driver circuit 606, and affects the drive voltage
and the digital/analog conversion characteristics of column
driver circuit 606. Display control circuit 612 is further
configured to control the transfer of the data from video
memory circuit 614 such that lines of data are read from
video memory circuit 614 in the modified scan sequence
order. Display control circuit 612 is further configured to
control the common plate voltage via controlling Vcom
driver circuit 616.

According to one example, display system 600 is config-
ured to scan the rows of LCD 604 such that the polarity of
the column drivers are reversed once per frame while LCD
604 achieves a display with line version or dot inversion
polarity patterns observable at the pixel locations. For a
small LCD (604), line inversion may provide acceptable
imaging quality, because horizontal cross-talk may not be a
significant problem on a small LCD (604). According to one
example, gate driver circuit 608 is configured to scan the
first row, then the third row, then the fifth row, and so on,
until all of the odd rows have been scanned. Then display
control circuit 612 reverses the column line polarity. Next,
gate driver 608 scans the second row, then the fourth row,
then the sixth row, and so on, until all of the even rows have
been scanned. According to an alternative example, the lines
in each subframe may be processed in a different sequence.
According to another alternative example, gate driver 608
may be configured for more than two subframes.

Display system 600 is configured to control of the read-
out sequence for data stored in the system frame buffer.
Display system 600 is also configured to control the scan-
ning pattern of the gate driver to match the read-out
sequence of the frame buffer. Conventionally, in large format
LCD applications, the graphics controller or host system
controls the frame buffer readout. Process 500 is more easily
achieved on small LCD applications that include an inte-
grated frame buffer with a column driver circuit that does not
have a requirement to provide refresh data to a separate
display outside of the system where a standard and prede-
termined data sequence would be required. For example,
FIG. 10 illustrates an embodiment of display system 600 in
which the video frame memory 614 is implemented by an
integrated frame buffer (1014). For display architectures

15

20

25

40

45

60

65

6

with an integrated frame buffer, process 500 can be imple-
mented with only minor logic changes to the display refresh
circuits. Alternatively, process 500 can be implemented in
other applications.

FIG. 7 illustrates a first example of gate driver circuit 608.
Gate driver circuit 608 includes shift register 702, level
shifters LS1-1.8240, and AND gates G1-G240. Shift reg-
ister 702 includes D flip-flops D1-D240.

Flip-flop D1 has a D input that is coupled to node N730,
and a clock input that is coupled to node N732. Flip-flop
D240 has a Q output that is coupled to node N734. The input
of level shifter .S240 is coupled to node N734. A first input
of each of the AND gates G1-G240 respectively is coupled
to node N736. The Q output of each of the flip-flops
D1-D239 respectively is coupled the input of each of the
level shifters LS1-1.5239 respectively. The D input of each
of the flip-flops D2-D240 respectively is coupled to the Q
output of each of the flip-flops D1-D239 respectively. The
output of each of the level shifters LS1-1.5240 respectively
is coupled to a second input of each of the AND gates
G1-G240 respectively. The output of each of the AND gates
G1-G240 respectively is coupled to the gate of each tran-
sistor in rows 1-240 respectively in LCD 604. Example gate
driver circuit 608 is illustrated for an example LCD (604)
that contains 240 rows. However, any number of rows may
be used.

In operation, signal start_in is applied to node N730, a
clock signal (CLK) is applied to node N732, an output
enable signal (OE) is applied to node N736, signal start_out
is produced at node N734, and each of the rows in LCD 604
are enabled when appropriate, as described in more detail
below.

Each of the D flip-flops D1-D240 respectively produce
signal LS_in1-L.S_in240 respectively. Each of the level
shifters LS1-1.S240 respectively produce signal LS_out-I-
S_out240  respectfully in  response to  signal
LS_inl1-L.S_in240 respectively. The level shifters
LS1-L.8240 each shift their inputs to the level needed to
drives the gates of the transistors of the LCD. Each of the
AND gates G1-G240 respectively produces signal
GD1-GD240 respectively in response to signal OF and
signals LS_outl-L.S_out240 respectively. Each AND gate
G1-240 respectively is configured to produce signal
GD1-GD240 respectively at an active level only when
signal OF and signal LS_out1-L.S_out240 respectively are
both active. Each signal GD1-GD240 respectively enables
rows 1-240 respectively when signal GD1-GD240 respec-
tively is active.

Briefly stated, the example of row driver 608 shown in
FIG. 7 double-clocks row driver 608 after a first pulse in
signal start_in so that only the odd rows are enabled, and so
that after a second pulse in signal start_in only the even rows
are enabled. The scanning sequence begins when signal
start_in transitions to an active level. At the next positive
clock transition, signal LS_inl at the Q output of flip-flop
D1 transitions high. Signal OF is inactive, and therefore
signal GD1 is inactive. Signal OFE is inactive as part of a
break-before-make scheme. Subsequently, signal OF tran-
sitions to an active level. Since signal OF and signal
LS_outl are both active, signal GD1 transitions to an active
level, which causes row 1 to be enabled.

Subsequently, signal OF transitions to an inactive level,
causing signal GD1 to transition to an inactive level, which
in turn causes row 1 to be disabled. At the next positive clock
transition, signal OE is inactive, and remains inactive
throughout the clock pulse. Therefore, row 2 is not enabled.
At the next positive transition, OF is still inactive at the
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beginning of the clock pulse. Subsequently, signal OE
transitions to an active level, causing signal GD3 to transi-
tion to an active level, which causes row 3 to be enabled.
Each of the odd rows from 1-240 is sequentially enabled in
a similar matter, while the even rows from 1-240 are not
enabled, because signal OE is inactive while the even signals
from LS outl-LS out240 are active.

After the odd rows from 1-240 have been enabled, there
is a second pulse in signal start_in. At the next positive clock
transition, signal LS_in1 transitions to an active level, but
signal OF remains inactive throughout the clock pulse, so
that row 1 remains disabled. During the next clock pulse,
signal LS_in2 is at an active level, and signal OF transition
to an active level, so that row 2 is enabled. Each of the even
rows from 1-240 is sequentially enabled in a similar manner,
while the odd rows from 1-240 are not enabled, because
signal OE is inactive while the odd signals from
LS outl-LS out240 are active.

There are many alternative embodiments of gate driver
circuit 608. For example, the order of the AND gates and the
level shifters may be reversed.

FIG. 8 illustrates a second example of gate driver circuit
608 that is arranged in accordance with aspects of the
invention. Gate driver circuit 608 includes shift register 702,
level shifters LS1-1.5240, and AND gates G1-G240. Shift
register 702 includes D flip-flops D1-D240.

Flip-flop D1 has a D input that is coupled to node N730,
and a clock input that is coupled to node N732. Flip-flop
D240 has a Q output that is coupled to node N734. The input
of level shifter 1.5240 is coupled to node N734. A first input
of each of the AND gates G1-(G240 respectively is coupled
to node N736. The Q output of each of the flip-flops
D1-D239 respectively is coupled the input of each of the
level shifters LS1-1.8239 respectively. The D input of each
of the odd flip-flops-from D3-D239 respectively is coupled
to the Q output of each of the odd flip-flops from D1-D237
respectively.

The D input of flip-flop D2 is coupled to the Q output of
flip-flop 239. The D input of each of the even flip-flops from
4-240 respectively is coupled to the Q output of each of the
even flip-flops from 2-238 respectively. The output of each
of the level shifters LS1-1.8240 respectively is coupled to a
second input of each of the AND gates G1-G240 respec-
tively. The output of each of the AND gates G1-G240
respectively is coupled to the gate of each transistor in rows
1-240 respectively in LCD 604. Example gate driver circuit
608 is illustrated for LCD 604 that contains 240 rows.
However, any number of rows may be used.

In operation, signal start_in is applied to node N730, a
clock signal (CLK) is applied to node N732, an output
enable signal (OE) is applied to node N736, signal start_out
is produced at node N734, and each of the rows in LCD 604
are enabled when appropriate, as described in more detail
below.

Each of the D flip-flops D1-D240 respectively produce
signal LS_inl1-1.S_in240 respectively. Each of the level
shifters [S1-1.5240 respectively produce  signal
LS_outl-LS_out240 respectfully in response to signal
LS_inl-I.S_in240 respectively. The level shifters
LS1-1.8240 each shift their inputs to the level needed to
drives the gates of the transistors of the LCD. Each of the
AND gates G1-G240 respectively produces signal
GD1-GD240 respectively in response to signal OF and
signals LS_outl-L.S_out240 respectively. Each AND gate
G1-G240 respectively is configured to produce signal
GD1-GD240 respectively at an active level only when
signal OF and signal LS_outl-L.S_out240 respectively are
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both active. Each signal GD1-GD240 respectively enables
rows 1-240 respectively when signal GD1-GD240 respec-
tively is active.

The scanning sequence begins when signal start_in tran-
sitions to an active level. At the next positive clock transi-
tion, signal LS_in1 at the Q output of flip-flop D1 transitions
high. Signal OE is inactive, and therefore signal GD1 is
inactive. Signal OFE is inactive as part of a break-before-
make scheme. Subsequently, signal OE transitions to an
active level. Since signal OE and signal LS_outl are both
active, signal GD1 is active, which causes row 1 to be
enabled. Subsequently, signal OE transitions to an inactive
level, causing signal GD1 to transition to an inactive level,
which in turn causes row 1 to be disabled. The Q output of
flip-flop D1 is coupled to the D input of flip-flop D3.

After the next positive clock transition, both signal
LS_out3 and signal OF transitions to an active level during
the clock pulse, which causes row 3 to be enabled. All of the
odd rows from LCD 604 from 1-239 are enabled in a similar
manner. The Q output of flip-flop D239 is coupled to the D
input of flip-flop D2. After row 239, the next row to be
enabled is D2, so that after all of the odd rows from LCD
604 have been sequentially enabled, all of the even rows
from 2-240 are enabled in a sequential manner.

Gate driver circuit 608 may be arranged such that each of
the gate lines that are associated with the odd rows are
arranged on one half of the LCD, and each of the gate lines
that are associated with the even rows are arranged on the
other half of the LCD.

FIG. 9 illustrates a third example of gate driver circuit 608
that is arranged in accordance with aspects of the present
invention. Gate driver circuit 608 includes a serial/parallel
converter (910) and a 1-to-240 decoder (920). Serial/parallel
converter 910 has a first input that is coupled to node N736,
a second input that is coupled to node N940 and an output
that is coupled to node N950. 1-t0-240 decoder 920 has a
first input that is coupled to node N736, and a second input
that is coupled to node N950.

In operation, serial/parallel converter 910 is configured to
receive a serial address signal (address) from the display
control circuit. Signal address corresponds to the current line
address. Serial/parallel converter circuit 910 is configured to
provide an 8-bit address signal (addr) at node N950 while
signal OF is active. 1-t0-240 decoder 920 is configured to
provide row output signals (GD1-GD240) in response to
signal OF and signal addr. 1-t0-240 decoder 920 is config-
ured such that each of the row output signals (GD1-GD240)
are inactive while signal OE is inactive. 1-to0-240 decoder
circuit 920 is further configured such that the row output
signal that corresponds to the line address associated with
signal addr is active when signal OFE is active. Signal OF is
used as a part of a break-before-make scheme as described
above. The example embodiment of gate driver 608 illus-
trated in FIG. 9 is configured to be capable of scanning the
rows in any sequence. For example, the each of the rows
associated with the lines of a subframe may be scanned in a
random or pseudorandom order.

The above specification, examples and data provide a
complete description of the manufacture and use of the
composition of the invention. Since many embodiments of
the invention can be made without departing from the spirit
and scope of the invention, the invention resides in the
claims hereinafter appended.

What is claimed is:

1. An apparatus for an LCD that is organized as rows and
columns, wherein data for the LCD is organized according
to lines within a frame, the apparatus comprising:
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amemory circuit that is configured to store display image
data and further configured to couple the display image
data to the LCD such that the LCD is capable of
processing the display image data, wherein a sequence
that the image data is sent to the memory circuit is
different from a sequence that the image data is coupled
to the LCD; and

a display control circuit that is coupled to the memory

circuit, wherein the display control circuit is configured

to:

receive the display image data,

transfer the display image data to the memory circuit,

select a first set of line addresses for a first subframe,
wherein the first subframe includes at least two lines
that are non-adjacent to one another,

select a second set of line addresses for a second
subframe,

select a first scan sequence order for the first subframe
of a first frame,

select a second scan sequence order for the second
subframe of the first frame,

select a third scan sequence order for the first subframe
of a second frame;

select a fourth scan sequence order for the second
subframe of the second frame;

control column driver polarities of a plurality of col-
umn drivers such that the column driver polarities
correspond to: a first set of polarities during a first
time interval while the first subframne of the first
frame is processed, a second set of polarities during
a second time interval while the second subframe of
the first frame is processed, a third set of polarities
during the third time interval while the first subframe
of the second frame is processed, and a fourth set of
polarities during the fourth time interval while the
second subframe of the second frame is processed,
wherein each pixel in the LCD has an associated
drive voltage that corresponds to an average voltage
of zero over time, and wherein the second subframe
is processed after the first subframe for each frame,

control the transfer of the display image data such that
the display image data is transferred from the
memory circuit to the LCD according to: the first
scan sequence order during the first time interval, the
second scan sequence order during the second time
interval, the third scan sequence order during the
third time interval, and the fourth scan sequence
order during the fourth time interval; and

control a scanning of the rows such that the rows are
scanned according to: the first scan sequence order
during the first time interval, the second scan
sequence order during the second time interval, the
third scan sequence order during the third time
interval, and the fourth scan sequence order during
the fourth time interval.

2. The apparatus as in claim 1, wherein the first and
second set of line addresses are selected such tat a display
with a line inversion polarity pattern is observable at the
pixel locations.

3. The apparatus as in claim 1, wherein the first and
second set of line addresses are selected such that a display
with a dot inversion polarity pattern is observable at the
pixel locations.

4. The apparatus as in claim 1, wherein the first, second,
third, and fourth scan sequence orders are selected such that
odd rows are scanned first, and even rows are scanned
subsequently.
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5. The apparatus as in claim 1, further comprising:
a column driver circuit that is coupled to: the memory
circuit, the display control circuit, and the LCD,
wherein the column driver circuit comprises the plu-
rality of column drivers, and wherein the column driver
circuit is configured drive to the columns;
a gate driver circuit that is coupled to the display control
circuit and the LCD, wherein the gate driver circuit is
configured to scan the rows; and
a common plate voltage driver circuit that is coupled to
the display control circuit and the LCD, wherein the
common plate voltage driver circuit is configured to
provide a common plate voltage to the LCD.
6. The apparatus as in claim 5, wherein the display control
circuit is further configured to: produce a line address signal
that corresponds to a current line address, and control the
transfer of the display image data such that a line of display
image data is coupled to the column driver circuit, wherein
the line of display image data is associated with the current
line address; wherein the gate driver circuit comprises an
address decoder circuit, and wherein the address decoder
circuit is configured to scan a row that corresponds to the
current line address in response to the line address signal.
7. The apparatus as in claim 1, wherein the first and
second set of line addresses are selected such that a display
with a one of a frame inversion polarity pattern and a column
inversion polarity pattern is observable at the pixel loca-
tions.
8. An apparatus for an LCD that is organized as rows and
columns, wherein data for the LCD is organized according
to lines within a frame, the apparatus comprising:
a memory circuit that is configured to store display image
data and further configured to couple the display image
data to the LCD such that the LCD is capable of
processing the display image data; and
a display control circuit that is coupled to the memory
circuit, wherein the display control circuit is configured
to:
receive the display image data,
transfer the display image data to the memory circuit,
select a first set of line addresses for a first subframe,
wherein the first subframe includes at least two lines
that are non-adjacent to one another,

select a second set of line addresses for a second
subframe,

select a first scan sequence order for the first subframe
of a first frame,

select a second scan sequence order for the second
subframe of the first frame,

select a third scan sequence order for the first subframe
of a second frame;

select a fourth scan sequence order for the second
subframe of the second frame;

control column driver polarities of a plurality of col-
umn drivers such that the column driver polarities
correspond to: a first set of polarities during a first
time interval while the first subframe of the first
frame is processed, a second set of polarities during
a second time interval while the second subframe of
the first frame is processed, a third set of polarities
during the third time interval while the first subframe
of the second frame is processed, and a fourth set of
polarities during the fourth time interval while the
second subframe of the second frame is processed,
wherein each pixel in the LCD has an associated
drive voltage that corresponds to an average voltage
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of zero over time, and wherein the second subframe
is processed after the first subframe for each frame,

control the transfer of the display image data such that
the display image data is transferred from the
memory circuit to the LCD according to: the first
scan sequence order during the first time interval, the
second scan sequence order during the second time
interval, the third scan sequence order during the
third time interval, and the fourth scan sequence
order during the fourth time interval;

control a scanning of the rows such that the rows are
scanned according to: the first scan sequence order
during the first time interval, the second scan
sequence order during the second time interval, the
third scan sequence order during the third time
interval, and the fourth scan sequence order during
the fourth time interval; and
a column driver circuit that is coupled to: the memory
circuit, the display control circuit, and the LCD,
wherein the column driver circuit comprises the plu-
rality of column drivers, and wherein the column driver
circuit is configured drive to the columns;
a gate driver circuit that is coupled to the display control
circuit and the LCD, wherein the gate driver circuit is
configured to scan the rows; and
a common plate voltage driver circuit that is coupled to
the display control circuit and the LCD, wherein the
common plate voltage driver circuit is configured to
provide a common plate voltage to the LCD;
wherein the first, second, third, and fourth scan sequence
orders are selected such that odd rows are scanned first,
and even rows are scanned subsequently, and wherein
the display control circuit is configured to provide an
output enable signal and a start signal, wherein the
output enable signal is active once every two clock
pulses, and wherein the gate driver circuit is responsive
to the output enable signal and the start signal such that:
each of the odd rows of the LCD are scanned after the
gate driver circuit receives a first pulse of the start
signal, and each of the even rows of the LCD are
scanned after the gate driver circuit receives a second
pulse of the start signal.
9. An apparatus for an LCD that is organized as rows and
columns, wherein data for the LCD is organized according
to lines within a frame, the apparatus comprising:
amemory circuit that is configured to store display image
data and further configured to couple the display image
data to the LCD such that the LCD is capable of
processing the display image data; and
a display control circuit that is coupled to the memory
circuit, wherein the display control circuit is configured
to:
receive the display image data,
transfer the display image data to the memory circuit,
select a first set of line addresses for a first subframe,
wherein the first subframe includes at least two lines
that are non-adjacent to one another,

select a second set of line addresses for a second
subframe,

select a first scan sequence order for the first subframe
of a first frame,

select a second scan sequence order for the second
subframe of the first frame,

select a third scan sequence order for the first subframe
of a second frame;

select a fourth scan sequence order for the second
subframe of the second frame;
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control column driver polarities of a plurality of col-
umn drivers such that the column driver polarities
correspond to: a first set of polarities during a first
time interval while the first subframe of the first
frame is processed, a second set of polarities during
a second time interval while the second subframe of
the first frame is processed, a third set of polarities
during the third time interval while the first subframe
of the second frame is processed, and a fourth set of
polarities during the fourth time interval while the
second subframe of the second frame is processed,
wherein each pixel in the LCD has an associated
drive voltage that corresponds to an average voltage
of zero over time, and wherein the second subframe
is processed after the first subframe for each frame,

control the transfer of the display image data such that
the display image data is transferred from the
memory circuit to the LCD according to: the first
scan sequence order during the first time interval, the
second scan sequence order during the second time
interval, the third scan sequence order during the
third time interval, and the fourth scan sequence
order during the fourth time interval,

control a scanning of the rows such that the rows are
scanned according to: the first scan sequence order
during the first time interval, the second scan
sequence order during the second time interval, the
third scan sequence order during the third time
interval, and the fourth scan sequence order during
the fourth time interval; and

a column driver circuit that is coupled to: the memory
circuit, the display control circuit, and the LCD,
wherein the column driver circuit comprises the plu-
rality of column drivers, and wherein the column driver
circuit is configured drive to the columns;

a gate driver circuit that is coupled to the display control
circuit and the LCD, wherein the gate driver circuit is
configured to scan the rows; and

a common plate voltage driver circuit that is coupled to
the display control circuit and the LCD, wherein the
common plate voltage driver circuit is configured to
provide a common plate voltage to the LCD;

wherein the first, second, third, and fourth scan sequence
orders are selected such that odd rows are scanned first,
and even rows are scanned subsequently, the gate driver
circuit comprises a shift register that includes a plural-
ity of flip-flops, wherein each of the plurality of flip-
flops is associated with one of the rows of the LCD
such that each row of the LCD is scanned when the
output of each of the plurality of flip-flops is enabled,
and wherein the plurality of flip-flops are arranged such
that, for each frame, each of the odd rows are scanned
first, and the each of the even rows scanned subse-
quently.

10. An apparatus for an LCD that is organized as rows and
columns, wherein the columns of the LCD are associated
with column drivers, and wherein data for the LCD is
organized according to lines within a frame, the apparatus
comprising:

a display control circuit that is arranged to:

control a video memory circuit to provide graphics data
to a column driver circuit such that lines in a first
frame of the graphics data are sent to the column
driver in an order such that:
the first frame includes a first subframe and a second
subframe;
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the first subframe includes a first set of lines includ-
ing at least two non-consecutive lines; and
the second subframe includes a second set of lines;
and
a gate driver circuit that is arranged to scan a line for each
row of the LCD for the first frame such that during a first
time interval, each line in the first set of lines is scanned in
a non-overlapping fashion; and such that in a second time
interval that is subsequent to the first time interval, each line
in the second set of lines is scanned;

wherein the gate driver circuit includes a plurality of

flip-flops; wherein the plurality of flip-flops includes N
flip-flops; N is the number of lines in the first frame;
each of the N flip-flops includes at least an input and an
output; for each of the N flip-flops, the gate driver
circuit is arranged to provide N gate enable signals;
each the N flip-flops is arranged to provide a separate
flip-flop output signal at its output; each of the flip-flops
output signals corresponds to a separate gate enable
signal; each of the N gate enable signals is based, in
part, on the corresponding flip-flop output signal; the
output of the first of the N flip-flops is coupled to the
output of the third of the N flip-flops, and wherein the
output of the second of the N flip-flops is coupled to the
output of the fourth of the N flip-flops.

11. An apparatus for an LCD that is organized as rows and
columns, wherein the columns of the LCD are associated
with column drivers, and wherein data for the LCD is
organized according to lines within a frame, the apparatus
comprising:

a display control circuit that is arranged to:

control a video memory circuit to provide graphics data
to a column driver circuit such that lines in a first
frame of the graphics data are sent to the column
driver in an order such that:
the first frame includes a first subframe and a second
subframe;
the first subframe includes a first set of lines includ-
ing at least two non-consecutive lines; and
the second subframe includes a second set of lines;
and
a gate driver circuit that is arranged to scan a line for each
row of the LCD for the first frame such that, during a first
time interval, each line in the first set of lines is scanned in
a non-overlapping fashion; and such that in a second time
interval that is subsequent to the first time interval, each line
in the second set of lines is scanned,
wherein the gate driver control circuit has a plurality of
gate driver control signals including a serial address
signal and an output enable signal; and
wherein the gate driver circuit includes:
a serial/parallel converter that is arranged to provide
a multi-bit address signal from the serial address
signal; and
a 1-to-N decoder, wherein N is the number of lines
in the first frame, and wherein the 1-to-N decoder
is arranged to provide row enable signal based on
the multi-bit address signal and the output enable
signal.
12. An apparatus for an LCD, the apparatus comprising:
a display control circuit that is arranged to:
receive graphics data including a first frame that
includes a plurality of lines in consecutive sequential
order;
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provide a polarity control signal to a column driver to
control the polarity of the column driver circuit;

provide a plurality of gate driver control signals;
transfer the graphics data to a video memory circuit;
and
control the video memory circuit to provide the graph-
ics data to the column driver circuit such that the
lines in the first frame are re-sequenced; and
a gate driver circuit that is arranged to receive the plurality
of gate driver control signals, and further arranged to scan
the lines of the first frame, based at least in part on the
plurality of gate driver control signals such that a scan order
of the lines is re-sequenced in accordance with the re-
sequencing of the first frame, wherein:
the gate driver circuit includes a plurality of flip-flops;
wherein the plurality of flip-flops includes N flip-flops;
N 1s the number of lines in the first frame; each of the
N flip-flops includes at least an input and an output; for
each of the N flip-flops, the gate driver circuit is
arranged to provide N gate enable signals; each the N
flip-flops 1s arranged to provide a separate flip-flop
output signal at its output; each of the flip-flops output
signals corresponds to a separate gate enable signal;
each of the N gate enable signals is based, in part, on
the corresponding flip-flop output signal; the output of
the first of the N flip-flops is coupled to the output of
the third of the N flip-flops, and wherein the output of
the second of the N flip-flops is coupled to the output
of the fourth of the N flip-flops.
13. An apparatus for an LCD, the apparatus comprising:
a display control circuit that is arranged to:
receive graphics data including a first frame that
includes a plurality of lines in consecutive sequential
order;
provide a polarity control signal to a column driver to
control the polarity of the column driver circuit;
provide a plurality of gate driver control signals;
transfer the graphics data to a video memory circuit;
and
control the video memory circuit to provide the graph-
ics data to the column driver circuit such that the
lines in the first frame are re-sequenced; and

a gate driver circuit that is arranged to receive the plurality
of gate driver control signals, and further arranged to scan
the lines of the first frame, based at least in part on the
plurality of gate driver control signals such that a scan order
of the lines is re-sequenced in accordance with the re-
sequencing of the first frame, wherein:

the plurality of gate driver control signals includes a serial
address signal and an output enable signal; and

wherein the gate driver circuit includes:

a serial/parallel converter that is arranged to provide
a multi-bit address signal from the serial address
signal; and

a 1-to-N decoder, wherein N is the number of lines
in the first frame, and wherein the 1-to-N decoder
is arranged to provide row enable signal based on
the multi-bit address signal and the output enable

signal.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,102,610 B2 Pagelof 1
APPLICATION NO. :10/421646

DATED : September 5, 2006

INVENTOR(S) : Christopher A. Ludden

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 4, Line 47, Delete “VCOM” and insert -- Vcom --.

Column 6, Line 35-36, Delete “LS_out-L-S_out240” and insert -- LS_out1-LS_out240 --.
Column 7, Line 7, Delete “LS_out-L-S_out240” and insert -- LS _outl-LS_out240 --.
Column 7, Line 35, Delete “flip-flops-from™ and insert -- flip-flops from --.

Column 9, Line 29, In Claim 1, delete “subframne” and insert -- subframe --,

Column 9, Line 57, In Claim 2, delete “tat” and insert -- that --.

Column 13, Line 6, In Claim 10, delete “that” and insert -- that, --.

Column 13, Line 8, In Claim 10, delete “that™ and insert -- that, --.

Column 13, Line 17, In Claim 10, delete “each the” and insert -- each of the --.

Column 13, Line 13, In Claim 45, In Claim 11, delete “that” and insert -- that, --.

Column 14, Line 21, In Claim 12, delete “each the” and insert -- each of the --,

Signed and Sealed this

Sixteenth Day of January, 2007

W

JON W.DUDAS
Director of the United States Patent and Trademark Office




patsnap

ERATROF) EEMEHPNT RINFNERRE
DF(RE)F US7102610 DF(E)A 2006-09-05
HiFs US10/421646 RiFH 2003-04-21

FRIEFB(ERPOA(R) FAEREBHEH
(BRI AGE) LuddenZ B L 3EA.

HAHRBEEAIROAGE) ZEERF¥SFHLT

16 - o —

[#R]REAA LUDDEN CHRISTOPHER A
KREBA LUDDEN, CHRISTOPHER A.
IPCHE& G09G3/36 GO9G G09G5/00
CPCHZES G09G3/3614 G09G3/3677 G09G3/3648 G09G2330/021 G09G2310/0224 G09G2310/0289
HER(F) RHE
HAth 20 FF 32k US20040207592A1
ShEBEEEE Espacenet  USPTO
HE(F) s ’ )
— M ERAENLEEFERNRERRNLCONM, ZERRXAR _1; VIDEO Nz
BRESE  HSRERENRAREER  HTAMANGECEN || TR
B3, BEFEEUORMEEXTIRLCDP SRS BRI, BRER EHW*: 2 -
FLBTHARIRFUASERIME, EE—RABHBAKEE— TN, & ——-{:B—Ti*--ﬂ | wwrr ez OGLUI'.ZHJRNER
BEME — AR R, EEE—NEEREFEESNE_RRHAEEE [Mmmmcas:JRJnTlrwagm . Nmﬁmc"”
BT, HAEMBAEEBLCORN IR BAEw LREMNIRE b;;Jl v R
f, BRMREBLN /AR EE RN J AL
: oRoum |
I N30 B8~ T
% LD
|
| Veou | Voo
| ORVER [ |
i e
L



https://share-analytics.zhihuiya.com/view/418a7745-ae88-467e-8a70-45f66d8ecdee
https://worldwide.espacenet.com/patent/search/family/033159416/publication/US7102610B2?q=US7102610B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7102610.PN.&OS=PN/7102610&RS=PN/7102610

