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(54) Device and method for scattered conversion of display signals

(57) An apparatus and a method for data signal
scattering conversion. The apparatus includes a scat-
tering multiplexer, a digital-to-analog converter, and a
scattering demultiplexer. The scattering multiplexer is
for receiving p digital data signals and outputting the q-
th digital data signal of the p digital data signals. The
digital-to-analog converter is to perform digital-to-ana-
log conversion of the q-th digital data signal and output
an analog data signal. The scattering demultiplexer has
p output terminals, and is used for outputting the analog
data signal through the q-th output terminal. Offset volt-
ages output from the digital-to-analog converter are
scattered over a number of data lines so that undesired
points with abnormally deep or light colors due to the
output offset voltages, are difficult to perceive.
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Description

[0001] This application incorporates by reference Tai-
wanese application Serial No. 90109219, filed on Apr.
17, 2001.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates in general to an appara-
tus and method for data signal conversion, and more
particularly to an apparatus and method for data signal
scattering conversion.

Description of the Related Art

[0003] A display apparatus is used as means of com-
munication between humans and machines. Two kinds
of display apparatus, the cathode ray tube (CRT) display
and the liquid crystal display (LCD), are available in the
market. For CRT displays, since their technology and
manufacture are well developed, their cost is relatively
low even for providing high quality color images, so that
they are widely used. However, CRT displays are large
in size and emit high levels of radiation. On the other
hand, LCDs can be made more compact, with low emis-
sions of radiation. Therefore, LCDs, such as thin-film
transistor liquid crystal displays (TFT-LCDs), are being
substituted for CRT displays.
[0004] Referring to the block diagram of FIG. 1, a
TFT-LCD 100 is illustrated to include a display panel
110, a data driver 120, and a scanning driver 130. Dis-
play panel 110 includes a plurality of pixel units P con-
figured to form an m by n array, wherein each pixel unit
P includes a thin film transistor and a liquid crystal de-
vice (not shown). For the pixel units in each column,
source terminals of the thin film transistors are electron-
ically coupled, forming m data lines 122 stretched out
within the display panel 110. Likewise, for the pixel units
in a row, gate terminals of the thin film transistors are
electronically coupled, forming n scan lines 132
stretched out within display panel 110. Data driver 120
includes a front-end processor 126 and a data signal
converter 128, and is used to receive digital image data
D and output analog data signals A. Front-end proces-
sor 126 is employed to receive the digital image data D
and output digital data signals D'. Data signal converter
128 is coupled to front-end processor 126 and display
panel 110, and is used to receive the digital data signals
D', perform digital-to-analog (D/A) conversion of the dig-
ital data signals D' so as to produce analog data signals
A, and then output them to display panel 110. Scanning
driver 130 is coupled to scan lines 132 and is to receive
a horizontal synchronization (HSYNC) signal and a ver-
tical synchronization (VSYNC) signal.
[0005] According to the VSYNC signal, scanning driv-
er 130 sequentially selects each of the scan lines 132

(scan line 132(k), k = 1 to n), so as to turn on all the thin
film transistors of the selected scan line. When all the
thin film transistors of the scan line 132(k) are turned
on, the analog data signals A from data driver 120 are
applied to the liquid crystal devices of the scan line 132
(k) through source and drain terminals of the thin film
transistors of scan line 132(k) for control of the gray lev-
els of the liquid crystal devices. In this manner, data driv-
er 120 controls the gray levels of the liquid crystal de-
vices according to the analog data signals A. When
scanning driver 130 receives the VSYNC signal, scan-
ning driver 130 re-starts to turn the scan lines 132 se-
quentially on at a time from the first (k=1) to the last
(k=n). Generally, the time period between two succes-
sive HSYNC signals is denoted as a horizontal scanning
time, while the time period between two successive
VSYNC signals is denoted as a vertical scanning time.
For displaying a frame, it takes one horizontal scanning
time to complete one horizontal line of the frame, and
takes one vertical scanning time to complete the entire
frame.
[0006] In practice, the liquid crystal device is easily
damaged when voltages of the same polarity are con-
tinuously applied to the liquid crystal devices. Accord-
ingly, data driver 120 may apply polarity inversions to
avoid such damage on liquid crystal device. Polarity in-
version such as dot inversion or column inversion is to
alternately output positive and negative voltages to the
liquid crystal devices.
[0007] FIG. 2 illustrates details of the data signal con-
verter 128 shown in FIG. 1. Data signal converter 128
includes a digital-to-analog (D/A) converter. The D/A
converter is to receive the digital data signal D', perform
polarity inversion of the digital data signals D', and out-
put the analog data signals A. The D/A converter in-
cludes m demultiplexers 202, m multiplexers 204, m+1
digital-to-analog conversion devices 206, and m+1 out-
put buffers 210. For instance, demultiplexer 202(i) is
used to receive digital data signal D'(i) and to output dig-
ital data signal D'(i) to D/A conversion device 206(i) or
206(i+1) according to the polarity inversion method. If i
is an odd number, D/A conversion device 206(i) is to out-
put converted data signal S(i) with positive polarity. If i
is an even number, D/A conversion device 206(i) is to
output converted data signal S(i) with negative polarity.
Output buffer 210(i) is used to receive converted data
signal S(i), output buffered data signal S'(i), and feed
buffered data signal S'(i) into multiplexers 204(i-1) and
204(i). Multiplexer 204(i) is employed to receive buff-
ered data signals S'(i) and S'(i+1) from output buffers
210(i) and 210(i+1) respectively, and to selectively out-
put digital data signal A(i) according to demultiplexer
202(i), where A(i) is either S'(i) or S'(i+1). For example,
demultiplexer 202(i) outputs digital data signal D'(i) to
D/A conversion device 206(i+1) so that multiplexer 204
(i) outputs S'(i+1) as analog data signal A(i). In this way,
by using demultiplexers 202 and multiplexers 204, the
polarities of individual analog data signals A can be
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changed according to the polarity inversion method, and
analog data signals A after polarity inversion are asso-
ciated with appropriate data lines 122. If demultiplexer
202(i) and multiplexer 204(i) are to change the polarity
of analog data signal A(i) according to the HSYNC sig-
nal, the dot inversion is therefore achieved. If demulti-
plexer 202(i) and multiplexer 204(i) are to change the
polarity of analog data signal A(i) according to the
VSYNC signal, the effect of column inversion is
achieved.
[0008] However, the analog data signals from the data
driver may have different offset voltages, which corre-
spond to gray lines displayed on the LCD and affects
the uniformity of the brightness of each pixel displayed.
Generally, the data driver produces the offset voltages
due to variations of output voltage levels of the opera-
tional amplifiers in output buffers 210. The offset of out-
put voltage level of an operational amplifier is commonly
in the range of 50mV to 60mV, while offset voltage tol-
erated by the LCD is within 10mV. If the offset in the
output of the operational amplifier exceeds the tolerance
by too much, the associated liquid crystal device of dis-
play panel 110 may become a pixel unit with undesired
deep color or light color.
[0009] FIG. 3A illustrates a frame 300 displayed by
TFT-LCD 100, wherein each rectangle represents a pix-
el unit and the output buffer 210(j) has an output offset
voltage. Output buffer 210(j) outputs analog data signal
A(j) to data line 122(j) so that the pixel units controlled
by data line 122(j) displays a light gray line. FIG. 3B
shows a graph of gray level intensity versus data line,
wherein the data lines shown in FIG. 3A are indicated
along the X-axis, while the gray level intensities per-
ceived by humans are measured along the Y-axis, and
wherein data driver 120 outputs image data by the col-
umn inversion method. Since light stimulus will be inte-
grated in the human visual system, the gray line corre-
sponding to output buffers 210 (j) occurs as shown in
FIG. 3A.
[0010] FIG. 4A illustrates another frame 400 dis-
played by the TFT-LCD 100, wherein each rectangle
represents one pixel unit and data driver 120 outputs
image data by the dot inversion. Output buffer 210(j) has
an output offset voltage. Thus, when output buffer 210
(j) outputs analog data signal A(j) to data line 122(j) or
outputs analog data signal A(j-1) to data line 122(j-1),
the pixel units controlled by data lines 122(j) and 122(j-
1) displays light gray points indicated in FIG. 4A. By the
integration effect of the human visual system described
above, these light gray points are actually perceived by
humans as light gray lines displayed on the LCD panel,
as shown in FIG. 4B. The X-axis in FIG. 4B indicates
the data lines of FIG. 4A while the Y-axis indicates the
gray level intensities perceived by human eyes.
[0011] For resolving the problem of degradation of the
uniformity of display brightness due to the variation in
output signal level, one way is to improve the output pre-
cision of the operational amplifiers to be used. However,

this solution greatly increases the difficulty in the design
and manufacture of LCDs.

SUMMARY OF THE INVENTION

[0012] It is therefore an object of the invention to pro-
vide an apparatus and a method for data signal scatter-
ing conversion. By the invention, the degradation of uni-
formity of brightness that on a display can be effectively
avoided.
[0013] This object of the invention of the invention is
satisfied by an apparatus for data signal scattering con-
version for use in a display with signal scattering con-
version. A display with signal scattering includes a dis-
play panel and a data driver. The display panel includes
multiple pixel units, wherein the pixel units are arranged
to form an m by n array. The pixel units on each row are
electrically coupled, forming a scan line; the pixel units
on each column are electrically coupled, forming a data
line. The data driver, coupled to the display panel, is
used for outputting m analog data signals to the pixel
units according to digital image data. The data driver in-
cludes a front-end processing device and the apparatus
for data signal scattering conversion. The front-end
processing device is used for receiving the digital image
data and outputting m digital data signals. The appara-
tus for data signal scattering conversion is used for re-
ceiving the digital data signals and outputting the m an-
alog data signals to the pixel units. The apparatus for
data signal scattering conversion includes a scattering
multiplexer, a digital-to-analog converter, and a scatter-
ing demultiplexer. The scattering multiplexer is for re-
ceiving p digital data signals and outputting the q-th dig-
ital data signal of the p digital data signals by a scattering
method, wherein p and q are positive integers and q is
not greater than p. The digital-to-analog converter is
coupled to the scattering multiplexer, and is used for per-
forming digital-to-analog conversion of the q-th digital
data signal and outputting an analog data signal. The
scattering demultiplexer is coupled to the digital-to-an-
alog converter, has p output terminals, and is employed
to output the analog data signal through the q-th output
terminal by the scattering method.
[0014] Since the output buffers of the digital-to-analog
converter may have different output offset voltages due
to the variations in the output voltage levels of the indi-
vidual output buffers, light gray lines associated with the
output buffers will be formed on the display. According
to the invention, the relation between the D/A convert-
er's output buffers and the data lines is changed. Thus,
the effect of the output offset voltages of the digital-to-
analog converter on individual data lines is scattered
over a number of data lines, so that undesired points
with abnormally deep or light colors due to this effect
are almost imperceptible on the display.
[0015] According to the object of the invention, a
method for image display with signal scattering is pro-
vided for use in a display, wherein the display includes
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a plurality of pixel units arranged to form an m by n array.
The method includes the following steps. First, p digital
data signals are provided. Next, according to a scatter-
ing method, the q-th digital data signal is selected from
the p digital data signals. According to the q-th digital
data signal, an analog data signal is then produced. Fi-
nally, according to the scattering method, the analog da-
ta signal is fed into the pixel unit of the r-th row, q-th
column for image formation, wherein m, n, p, q, and r
are positive integers, q is not greater than p, and r is not
greater than m.
[0016] Other objects, features, and advantages of the
invention will become apparent from the following de-
tailed description of the preferred but non-limiting em-
bodiments. The following description of the invention is
made with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 (Prior Art) is a block diagram illustrating a
TFT-LCD.

FIG. 2 (Prior Art) is a block diagram illustrating the
data signal converter shown in FIG. 1.

FIG. 3A (Prior Art) illustrates a frame displayed by
the LCD.

FIG. 3B (Prior Art) is a graph of gray level intensity
versus data line for the frame shown in FIG. 3A.

FIG. 4A (Prior Art) illustrates another frame dis-
played by the LCD.

FIG. 4B (Prior Art) is a graph of gray level intensity
for the frame shown in FIG. 4A.

FIG. 5 illustrates a display apparatus with signal
scattering conversion according to a preferred em-
bodiment of the invention.

FIG. 6 is a block diagram illustrating the data signal
scattering converter in FIG. 5.

FIG. 7A (Prior Art) illustrates a displayed frame with
a gray line.

FIG. 7B illustrates a frame displayed by using a
method of space scattering according to a preferred
embodiment of the invention.

FIGS. 8A-8D illustrate a successive frames dis-
played by applying a time scattering method.

FIGS. 9A-9D are graphs of gray level intensity for
the frames shown in FIGS. 8A-8D.

FIG. 10 is a graph of gray level intensity perceived
by humans for the frames shown in FIGS. 8A-8D.

FIG. 11 is a block diagram illustrating another ex-
ample of data signal scattering converter 528 in
FIG. 5.

FIG. 12A (Prior Art) illustrates a displayed frame
with a gray line.

FIG. 12B illustrates a frame displayed by applica-
tion of a space scattering method according to a
preferred embodiment of the invention.

FIGS. 13A-13E illustrate successive frames dis-
played by application of a time scattering method.

FIGS. 14A-14D are graphs of gray level intensity for
the frames shown in FIGS. 13A-13D.

FIG. 15 is a graph of gray level intensity perceived
by humans for the frames shown in FIGS. 13A-13D.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] Referring to FIG. 5, it shows a block diagram
illustrating a display apparatus with signal scattering
conversion according to a preferred embodiment of the
invention. Display apparatus with signal scattering con-
version 500 includes display panel 510, data driver 520,
and scanning driver 530. Display panel 510 includes a
plurality of pixel units P configured to form an m by n
array, wherein each pixel unit P includes a thin film tran-
sistor and a liquid crystal device. For the pixel units in
each column, source terminals of the thin film transistors
are coupled electronically, forming m data lines 522
stretched out in the display panel 510. Likewise, for the
pixel units in a row, gate terminals of the thin film tran-
sistors are coupled electronically, forming n scan lines
532 stretched out in display panel 510. Data driver 520
includes front-end processor 526 and data signal scat-
tering converter 528, and is used to receive digital image
data D and output analog data signals A. Front-end
processor 526 is employed to receive the digital image
data D and output digital data signals D'. Data signal
scattering converter 528 is coupled to front-end proces-
sor 526 and data lines 522, and is used to receive the
digital data signals D', perform digital-to-analog (D/A)
conversion of the digital data signals D' so as to produce
analog data signals A, and output them to data lines 522.
Scanning driver 530 is coupled to scan lines 532 and is
to receive a horizontal synchronization (HSYNC) signal
and a vertical synchronization (VSYNC) signal.
[0019] According to the VSYNC signal, scanning driv-
er 530 selects one of scan lines 532, such as scan line
532(k), sequentially, where k is an positive integer not
greater than n, so that all of the thin film transistors of
the scan line are turned on. When all the thin film tran-
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sistors of scan line 532(k) are turned on, the analog data
signals A from data driver 520 can be applied to the liq-
uid crystal devices of scan line 532(k) through source
and drain terminals of the thin film transistors of scan
line 532(k), whereby data driver 520 controls the liquid
crystal device in gray scales according to the analog da-
ta signals A When scanning driver 530 receives the
VSYNC signal, scanning driver 530 re-starts to turn on
one of scan lines 532 sequentially from the first one.
[0020] FIG. 6 is a block diagram of the data signal
scattering converter 528 of FIG. 5. Data signal scatter-
ing converter 528 includes digital-to-analog (D/A) con-
verter 600, scattering multiplexers 640, and scattering
demultiplexers 642. In this embodiment, scattering mul-
tiplexers 640 are 3-to-1-line multiplexers; that is, each
of them has three input terminals and one output termi-
nal. Besides, scattering demultiplexers 642 are 1-to-
3-line demultiplexers; that is, each of them has one input
terminal and three output terminals. In practice, at least
2-to-1-line multiplexers and 1-to-2-line demultiplexers
can act as the scattering multiplexers and scattering de-
multiplexers, respectively, according to the invention.
Scattering multiplexer 640(i) is used to receive digital
data signals D'(i), D'(i+1) and D'(i+2), and, according to
a scattering method to be described later, select one out
of digital data signals D'(i), D'(i+1) and D'(i+2) as scat-
tering data signal D"(i). Digital-to-analog converter 600
is coupled to scattering multiplexers 640, and is used to
receive scattering data signals D", perform digital-to-an-
alog conversion on scattering data signals D", and out-
put analog data signals T. Digital-to-analog converter
600 includes digital-to-analog conversion devices 606
and output buffers 610, and is used to output analog da-
ta signals T. Digital-to-analog conversion devices 606
are coupled to scattering multiplexers 640, while output
buffers 610 are coupled to digital-to-analog conversion
devices 606. Scattering demultiplexer 642(i), coupled to
D/A converter 600, is used to receive analog data signal
T(i) and to output analog data signal T(i) to one of data
lines 522(i), 522(i+1), and 522(i+2) according to scatter-
ing multiplexers 640. For instance, if scattering data sig-
nal D"(i) from scattering multiplexers 640 is digital data
signal D'(i+2) so that analog data signal T(i) is equal to
analog data signal A(i+2), scattering demultiplexers 642
output analog data signal T(i) to data line 522(i+2). In
this way, analog data signals A can be associated with
data lines 522 correctly. Besides, all scattering multi-
plexers 640 are synchronized; that is, if scattering mul-
tiplexer 640(i) selects digital data signal D'(i+2) and out-
puts it as scattering data signal D"(i), scattering multi-
plexer 640(i-1) selects digital data signal D'(i+1) as scat-
tering data signal D"(i-1).
[0021] Through the operation of scattering multiplex-
ers 640 and scattering demultiplexers 642, each output
of the output buffers of D/A converter 600 is to be scat-
tered over three data lines. Therefore, if some of the out-
put buffers have output offset voltages, undesired points
due to the output offset voltages will be scattered within

the three data lines. Since the scattered undesired
points cannot form light gray lines on the display and
they are almost imperceptible, the display quality is im-
proved.
[0022] By the invention, a scattering method is used
to change the correspondence between output buffers
610 and data lines 522. Undesired points with abnor-
mally deep or light colors due to output offset voltages
from output buffers 610 are scattered according to the
scattering method so that the undesired points are al-
most imperceptible. Hence, the degradation of uniform-
ity of display brightness can be reduced effectively. The
scattering method can be space scattering, time scat-
tering, or time-and-space scattering, for example.
[0023] Space scattering is used to change the relation
between output buffers 610 and data lines 522 for each
horizontal line. Referring to FIG. 7A, it illustrates a frame
displayed without using the scattering method. In FIG.
7A, each of the rectangles represents one pixel unit, and
the numbers in the rectangles indicate corresponding
output buffers that apply gray level voltages to the pixel
units. When the pixel unit is drawn as a shaded rectan-
gle, an output buffer corresponding to the number in the
shaded rectangle for that pixel unit has an output offset
voltage. As can be observed from FIG. 7A, output buffer
j has an output offset voltage so that a light gray line is
formed through data line 522(j). Referring now to FIG.
7B, it illustrates a frame displayed by using space scat-
tering, wherein output buffer 610(j) has an output offset
voltage. Besides, scattering multiplexer 640(j) succes-
sively selects digital data signals D' in the sequence D'
(j), D'(j+1), D'(j+2), D'(j+1), D'(j), D'(j+1), and so on.
When the scattering data converter receives the
HSYNC signal, the relation between output buffers 610
and data lines 522 is changed; that is, undesired points
having originally occurred on the same line of a frame
are scattered over different data lines of the same frame
so that they are difficult to perceive.
[0024] Time scattering is used to change the relation
between output buffers 610 and data lines 522 for each
frame. Referring to FIGS. 8A to 8D, they illustrate a se-
ries of frames displayed by using time scattering, where-
in output buffer 610(j) has an output offset voltage. Be-
sides, scattering multiplexer 640(j) successively selects
digital data signals D' in the sequence D'(j), D'(j+1), D'
(j+2), D'(j+1), D'(j), D'(j+1), and so on. FIG. 8A illustrates
the first frame, where one vertical line with light gray
color is formed associated with data line 522(j). FIG. 8B
illustrates the second frame, where one vertical line with
light gray color is formed associated with data line 522
(1-1). FIG. 8C illustrates the third frame, where one ver-
tical line with light gray color is formed associated with
data line 522(j-2). FIG. 8D illustrates the fourth frame,
where one vertical line with light gray color is formed
associated with data line 522(j-1). In brief, output buffer
610(j) is associated with a different data line for each of
the successive frames. Thus, the light gray lines due to
output offset voltages are scattered so that they are dif-
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ficult to perceive.
[0025] Time-and-space scattering is used to change
the relation between output buffers 610 and data lines
522 for each frame with each horizontal line. That is,
undesired points originally associated with the same da-
ta line for one frame can be scattered over different
frames and different data lines. Thus, the undesired
points caused by the output offset voltages of output
buffers 610 are scattered equally and are almost imper-
ceptible.
[0026] Scattering multiplexer 640(j) can be configured
to select one out of digital data signals D'(j), D'(j+1), and
D'(j+2) according to a predetermined sequence, a ran-
dom sequence, or a weighted curve. In the case of a
weighted curve, digital data signals D' outputted to scat-
tering multiplexer 640(j) are associated with different
weight values respectively. In this way, scattering multi-
plexer 640(j) selects one out of digital data signals D'(j),
D'(j+1), and D'(j+2) according to their associated weight
values so as to change the relation between output buff-
ers 610 and data lines 522. If scattering multiplexer 640
(j) changes the relation between output buffers 610 and
data lines 522 according to a weighted curve, the display
to be perceived is equivalent to the result of convolving
the weighted curve with the light gray intensities. For
example in FIGS. 8A to 8D, digital data signals D'(j), D'
(j+1), and D'(j+2) are associated with weight values 1/4,
2/4, and 1/4 respectively. Referring to FIGS. 9A to 9D,
they shows graphs of gray level intensity for the frames
shown in FIGS. 8A-8D respectively. FIG. 10 is a graph
of gray level intensity perceived by humans for the suc-
cessively; equivalently frames shown in FIGS. 8A-8D,
this graph shows the result of convolving the weighted
curve with gray level intensity of a light gray line. In this
way, the undesired points are scattered so that their gray
level intensities as perceived by humans, are reduced.
Besides, as can be seen from FIG. 10, the gray level
intensities are distributed in such a way that the line in
the middle has higher intensity than the lines on the both
sides. As a whole, the image looks smoother while the
undesired points are difficult to perceive. Thus, the dis-
play quality is improved.
[0027] Referring to FIG. 11, it shows a block diagram
of another example of the data signal scattering convert-
er 528 of FIG. 5. In FIG. 11, the data signal scattering
converter is capable of outputting analog data signals
with different polarities. Data signal scattering converter
528 includes digital-to-analog (D/A) converter 1100,
(m+3) scattering multiplexers 1140, and (m+3) scatter-
ing demultiplexers 1142. In this embodiment, scattering
multiplexers 1140 are 3-to-1-line multiplexers; that is,
each of them has three input terminals and one output
terminal. Besides, scattering demultiplexers 1142 are
1-to-3-line demultiplexers; that is, each of them has one
input terminal and three output terminals. In practice, at
least 2-to-1-line multiplexers and 1-to-2-line demulti-
plexers can act as the scattering multiplexers and scat-
tering demultiplexers, respectively, according to the in-

vention. Scattering multiplexer 1140(i) is used to receive
digital data signals D'(i), D'(i+2) and D'(i+4), and, ac-
cording to a scattering method be described later, select
one out of digital data signals D'(i), D'(i+2) and D'(i+4)
as scattering data signal D"(i). Digital-to-analog convert-
er 1100 is coupled to scattering multiplexers 1140, and
is used to receive scattering data signals D", perform
digital-to-analog conversion on scattering data signals
D", and output analog data signals T. Scattering demul-
tiplexer 1142(i), coupled to D/A converter 1100, is used
to receive analog data signal T(i) and output analog data
signal T(i) to one of data lines 522(i), 522(i+2), and 522
(i+4) according to scattering multiplexers 1140. For in-
stance, if scattering data signal D"(i) from scattering
multiplexers 1140 is digital data signal D'(i+2), then an-
alog data signal T(i) is equal to analog data signal A(i+2)
and scattering demultiplexers 1142 outputs analog data
signal T(i) to data line 522(i+2). In this way, analog data
signals A can be associated with data lines 522 correct-
ly. Besides, all scattering multiplexers 1140 are synchro-
nized; that is, if scattering multiplexer 1140(i) selects
digital data signal D'(i+2) and outputs it as scattering da-
ta signal D"(i), scattering multiplexer 1140(i-1) selects
digital data signal D'(i+1) as scattering data signal D"(i-
1).
[0028] Digital-to-analog converter 1100 includes de-
multiplexers 1102, multiplexers 1104, D/A conversion
devices 1106, and output buffers 1110. Demultiplexer
1102(i) is coupled to scattering multiplexer 1140(i), D/A
conversion device 1106(i), and 1106(i+1), and is used
to receive scattering data signal D"(i). In addition, ac-
cording to either dot inversion or column inversion, de-
multiplexer 1102(i) outputs the received scattering data
signal D"(i) to either D/A conversion device 1106(i) or D/
A conversion device 1106(i+1). Further, all demultiplex-
ers 1102(i) are synchronized. That is, if demultiplexer
1102(i) outputs scattering data signal D"(i) to D/A con-
version device 1106(i+1), demultiplexer 1102(i-1) out-
puts scattering data signal D"(i+1) to D/A conversion de-
vice 1106(i). Digital-to-analog conversion device 1106(i)
is coupled to demultiplexers 1102(i) and 1102(i-1), and
used to receive D"(i-1) or D"(i) and output converted da-
ta signal S(i). In addition, if i is an odd number, D/A con-
version device 1106(i) is to output converted data signal
S(i) with positive polarity; if i is an even number, D/A
conversion device 1106(i) is to output converted data
signal S(i) with negative polarity. Output buffer 1110(i),
coupled to D/A conversion device 1106(i), is used to re-
ceive converted data signal S(i), output buffered data
signal S'(i) according to converted data signal S(i), and
feed buffered data signal S'(i) into multiplexers 1104(i)
and 1104(i-1). Multiplexer 1104(i) is coupled to output
buffers 1110(i) and 1110(i+1), and is used to receive
buffered data signals S'(i) and S'(i+1), and to output an-
alog data signal T(i) according to demultiplexer 1102(i),
wherein analog data signal T(i) is either S'(i) or S'(i+1).
For instance, when demultiplexer 1102(i) outputs scat-
tering data signal D"(i) to D/A conversion device 1106
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(i+1), multiplexer 1104(i) outputs buffered data signal S'
(i+1) as analog data signal T(i).
[0029] Through the operation of scattering multiplex-
ers 1140, demultiplexers 1102, scattering demultiplex-
ers 1142, and multiplexers 1104, the output of output
buffer 1110(i) is scattered over six data lines, 522(i-1) to
522(i+4). Therefore, if output buffer 1110(i) has an out-
put offset voltage, the undesired points due to the output
offset voltage are scattered within the six data lines.
Since the scattered undesired points cannot form light
gray lines on the display and are humanly almost imper-
ceptible, the display quality is improved.
[0030] By the invention, a scattering method is used
to change the relation between output buffers 1110 and
data lines 522. Thus, undesired points with abnormally
deep or light colors due to output offset voltages from
output buffers 1110 are scattered so that the undesired
points are almost imperceptible. Hence, the degradation
of uniformity of display brightness can be reduced effec-
tively. The scattering methods including space scatter-
ing, time scattering, and time-and-space scattering are
described as follows.
[0031] Space scattering is used to change the relation
between output buffers 1110 and data lines 522 for each
horizontal line. Referring to FIG. 12A, it illustrates a
frame displayed without using a scattering method,
wherein polarity inversion, such as column inversion, is
employed. In FIG. 12A, each of the rectangles repre-
sents one pixel unit while the numbers in the rectangles
show the corresponding output buffer, which outputs the
gray level to the corresponding pixel unit. In addition,
signs preceding the numbers in the rectangles are in-
dicative of the polarities of output signals from the output
buffers associated with the numbers. When the pixel
unit is drawn as a shaded rectangle, an output buffer
corresponding to the number in the rectangle has an
output offset voltage. As can be observed from FIG.
12A, output buffer 1110(j) has an output offset voltage
so that a light gray line is formed through data line 522
(j). Referring now to FIG. 12B, it illustrates a frame dis-
played by using space scattering, wherein output buffer
1110(j) has the output offset voltage. Scattering multi-
plexer 1140(j) successively selects digital data signals
D' in the sequence D'(j), D'(j+4), D'(j+2), D'(1), D'(j+4),
D'(j+2), and so on. When the scattering data converter
receives the HSYNC signal, the relation between output
buffers 1110 and data lines 522 is changed; that is, un-
desired points which originally occur on the same line
of a frame are scattered over different data lines of the
same frame so that they are difficult to perceive.
[0032] Time scattering is used to change the relation
between output buffers 1110 and data lines 522 for each
frame. FIGS. 13A to 13E illustrate a series of frames
displayed by using time scattering, wherein column in-
version is employed to perform polarity inversion and
output buffer 1110(j) has an output offset voltage. Be-
sides, scattering multiplexer 1140(j) successively se-
lects digital data signals D' in the sequence D'(j), D'(j+2),

D'(j+4), D'(j+2), D'(j), D'(j+2), and so on. FIG. 13A illus-
trates the first frame, where one vertical line with light
gray color is formed associated with data line 522(1-1).
FIG. 13B illustrates the second frame, where one verti-
cal line with light gray color is formed associated with
data line 522(j-2). FIG. 13C illustrates the third frame,
where one vertical line with light gray color is formed
associated with data line 522(j-5). FIG. 13D illustrates
the fourth frame, where one vertical line with light gray
color is formed associated with data line 522(j-2). FIG.
13E is equivalent to FIG. 13A. In brief, output buffer 1110
(j) is associated with a different data line for each of the
successive frames. Thus, the light gray lines due to out-
put offset voltages are scattered so that they are almost
imperceptible.
[0033] Time-and-space scattering is used to change
the relation between output buffers 1110 and data lines
522 for each frame with each horizontal line. That is,
undesired points originally associated with the same da-
ta line for one frame can be scattered over different
frames and different data lines. Thus, the undesired
points caused by the output offset voltages of output
buffers 1110 are scattered equally and much more diffi-
cult to be perceived.
[0034] Scattering multiplexer 1140(j) can be config-
ured to select one out of digital data signals D'(j), D'(j+2),
and D'(j+4) according to a predetermined sequence, a
random sequence, or a weighted curve. In the case of
a weighted curve, digital data signals D' outputted to
scattering multiplexer 1140(j) are associated with differ-
ent weight values respectively. In this way, scattering
multiplexer 1140(j) selects one out of digital data signals
D'(j), D'(j+2), and D'(j+4) according to their associated
weight values so as to change the relation between out-
put buffers 1110 and data lines 522. If scattering multi-
plexer 1140(j) changes the relation between output buff-
ers 1110 and data lines 522 according to a weighted
curve, the display to be perceived is equivalent to the
display resulting from convolving the weighted curve
with the light gray intensities. For example in FIGS. 13A
to 13E, digital data signals D'(j), D'(j+2), and D'(j+4) are
associated with weight values 0.25, 0.5, and 0.25 re-
spectively. FIGS. 14A to 14D show graphs of gray level
intensity for the frames shown in FIGS. 13A-13D re-
spectively. In addition, FIG. 15 is a graph of gray level
intensity as perceived by humans for the frames shown
in FIGS. 13A-13D successively. Equivalently, this graph
shows the result of convolving the weighted curve with
gray level intensity of a light gray line. In this way, the
undesired points are scattered so that their gray level
intensities perceived by humans are reduced. Besides,
as can be seen from FIG. 15, the gray level intensities
are distributed in the way such that the lines on the both
sides have lower intensity than the line in the middle. As
a whole, the display looks smoother, while the undesired
points are difficult to perceive. Thus, the display quality
is improved.
[0035] As disclosed above, the data signal scattering
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converter according to the invention scatters undesired
points with abnormally deep or light colors due to output
offset voltages from output buffers in the D/A converter,
by changing the relation between the output buffers in
the D/A converter and data lines so that the undesired
points are not easy to perceive. Therefore, the degra-
dation of uniformity of display brightness is reduced ef-
fectively and the display quality is improved.
[0036] While the invention has been described by way
of example and in terms of the preferred embodiment,
it is to be understood that the invention is not limited to
the disclosed embodiment. To the contrary, it is intended
to cover various modifications and similar arrangements
and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpreta-
tion so as to encompass all such modifications and sim-
ilar arrangements and procedures.

Claims

1. An apparatus for data signal scattering conversion,
the apparatus comprising:

a scattering multiplexer for receiving p digital
data signals and outputting a q-th digital data
signal of the p digital data signals by a scatter-
ing method, wherein p and q are positive inte-
gers and q is not greater than p;

a digital-to-analog converter, coupled to the
scattering multiplexer, for performing digital-to-
analog conversion of the q-th digital data signal
and outputting an analog data signal; and

a scattering demultiplexer having p output ter-
minals, coupled to the digital-to-analog con-
verter, for outputting the analog data signal
through a q-th output terminal of the p output
terminals by the scattering method.

2. An apparatus according to claim 1, wherein p is not
less than 2.

3. An apparatus according to claim 1, wherein the dig-
ital-to-analog converter is capable of performing po-
larity inversion of signal.

4. A display apparatus with signal scattering conver-
sion, comprising:

a display panel comprising a plurality of pixel
units, wherein the pixel units are arranged to
form an m by n array, m and n being positive
integers greater than one, and
a data driver, coupled to the display panel, for
outputting m analog data signals according to
digital image data, the data driver including

a front-end processing device for receiving
the digital image data and outputting m dig-
ital data signals, and

a data signal scattering converter, coupled
to the front-end processing device, for re-
ceiving the digital data signals and output-
ting the m analog data signals, the data sig-
nal scattering converter including

a scattering multiplexer for receiving p
digital data signals and outputting a q-
th digital data signal of the p digital da-
ta signals by a scattering method,
wherein p and q are positive integers
and q is not greater than p,

a digital-to-analog converter, coupled
to the scattering multiplexer, for per-
forming digital-to-analog conversion of
the q-th digital data signal and output-
ting an analog data signal, and

a scattering demultiplexer having p
output terminals, coupled to the digital-
to-analog converter, for outputting the
analog data signal through a q-th out-
put terminal of the p output terminals
by the scattering method.

5. A display apparatus according to claim 4, wherein
p is not less than 2.

6. A display apparatus according to claim 4, wherein
the digital-to-analog converter is capable of per-
forming polarity inversion of signal.

7. A method for image display with signal scattering,
for use in a display, the display comprising a plural-
ity of pixel units, the pixel units being arranged to
form an m by n array, the method comprising the
steps of

providing p digital data signals;

selecting a q-th digital data signal from the p
digital data signals by a scattering method;

producing an analog data signal according to
the q-th digital data signal; and

feeding the analog data signal into the pixel unit
of the r-th row, q-th column according to the
scattering method for image display, wherein
m, n, p, q, and r are positive integers, q is not
greater than p, and r is not greater than m.

8. A method according to claim 7, wherein selecting
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the q-th digital data signal from the p digital data
signals is performed randomly.

9. A method according to claim 7, wherein selecting
the q-th digital data signal from the p digital data
signals is performed according to a weighted curve.

10. A method according to claim 7, wherein the scatter-
ing method is time scattering.

11. A method according to claim 7, wherein the scatter-
ing method is space scattering.

12. A method according to claim 7, wherein the scatter-
ing method is time-and-space scattering.
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