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WIDE FLAT PANEL LCD WITH UNITARY
VISUAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/005,156 filed Aug. 11, 2009, now U.S. Pat.
No. 7,714,834 issued May 11, 2010, which is a continuation
of U.S. application Ser. No. 11/005,156 filed Dec. 3, 2004,
now U.S. Pat. No. 7,573,458 issued Aug. 11, 2009, each of
which are hereby incorporated by reference, as if fully rewrit-
ten herein.

TECHNICAL FIELD

[0002] The present invention relates generally to display
devices, and more particularly, to flat panel display devices
that use liquid crystal display (LCD) technology. The present
invention relates to a flat panel LCD having a sufficient area
that it comprises a pair of side by side displays that are driven
from opposing sides. The present invention provides an
arrangement and method to provide a unitary display by
eliminating a visual seam effect down a junction line across
the panel between the two displays.

BACKGROUND OF THE ART

[0003] Flat panel displays using liquid crystal display
(LCD) technology are widely known and have found appli-
cation in a number of fields for displaying visual information.
In a flat panel LCD, the screen area, which is substantially
rectangular, is divided into a large number of individual color
dots. Each setof color dots is capable of displaying a full color
gamut. It is known for the sets to comprise a three-dot com-
bination of red, green and blue, a four-dot combination of red,
green, green and blue, a four-dot combination of red, green,
blue and white, and a six-dot combination of red, green, blue,
yellow, cyan and magenta, as well as other combinations that
allow a full color display. In an active matrix flat panel LCD,
each color dot contains a transistor switch. A liquid crystal
fluid, contained between a front plate and a rear plate, is
twisted by a voltage which changes the axis of polarization of
light, allowing the individual color dots to transmit or block
light passing from a backlight source through the individual
color filters. The color dots are arranged in a grid comprising
rows and columns, and there can be several hundred or thou-
sand vertical columns of color dots going across the display as
well as hundreds or thousands of horizontal rows of color
dots, resulting in most cases in more than 1,000,000 indi-
vidual color dots. Each color dot has a vertical column and
horizontal row grid address and is driven by electrical
impulses fed along its respective row from a bus located on
one of the side edges of the flat panel LCD and along its
respective column from a top or bottom edge of the flat panel
LCD. In general, the horizontal row drivers are referred to as
gate drivers and the vertical column drivers are referred to as
source drivers, but these may be reversed in practice, as will
be known to those of skill in this art. In either case, the source
driver signal provides the gray scale data for agiven color dot,
while the gate driver signal changes a given line of thin film
transistors (“TFTs”) from “off” to “on” for a given “line
time.” This signal from the gate driver thereby allows the
charging of a capacitor associated with the individual color
dot, determining the voltage held by the color dot for an entire
frame period.
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[0004] 1In some critical applications, especially in vehicle
applications where the overall display area is limited but it is
desired to maximize image area while providing a degree of
redundancy, the display area should be divided into at least
one pair of side by side display areas, while retaining the
visual impression of a single panel. However, since color dots
near a junction line between the two adjacent display areas
receive their respective signals from opposite sides of the
display, these signals are vulnerable to a mismatch of their
photometrics. If this is not corrected, a visually perceptible
seam will occur along that junction line.

[0005] The very nature of a display panel dictates that a
central portion of the panel contains the most critical infor-
mation for the user. For example, critical electronic flight
indicators such as the horizontal situation indicator (HSI), the
attitude direction indicator (ADI), the altimeter and the air
speed indicator will be located centrally on the panel, to be
readily accessible to a pilot. In a large display panel, espe-
cially one that has a significantly large number of columns of
color dots, as an “all glass” cockpit would have, it is desirable
to drive side by side displays that define the overall panel
display. However, this can place the distraction of a visually
perceptible centerline or seam at the point of focus for the
user.

[0006] Although this need has been initially described with
reference to electronic flight indicator applications of flat
panel LCDs, the need extends to a variety of other flat panel
LCD applications, and the present invention is applicable to
these other applications.

[0007] Itis, therefore, an unmet objective of the prior art to
mate a pair of side by side display areas on a single flat panel
LCD, such that there is no visibly perceptible seam line along
a junction line between the side by side display areas.

SUMMARY OF THE INVENTION

[0008] This and other objectives of the present invention
are achieved by a flat panel liquid crystal display (“LCD”)
with a front plate with a plate area defined by aplate perimeter
having a first and second pair of parallel sides, the pairs of
sides in perpendicular relationship to each other, so that an
active display area provides a unitary visual display within
said plate perimeter. Such an active display area is divided
into at least first and second display areas, a visual output of
said first and second display areas being separately driven.
[0009] In some embodiments, at least one of the first and
second display areas is further subdivided into first and sec-
ond subdisplay areas, a visual output of said first and second
subdisplay areas being separately driven.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Novel features and advantages of the present inven-
tion, in addition to those mentioned above, will become
apparent to those skilled in the art from a reading of the
following detailed description in conjunction with the accom-
panying drawings wherein identical reference characters
refer to identical parts and in which:

[0011] FIG. 1 shows a front elevational view of a flat panel
LCD of the present invention, divided into first and second
display areas;

[0012] FIG. 2 shows an idealized rectangular flat panel
LCD divided and subdivided into display areas and subdis-
play areas;
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[0013] FIG. 3 shows a hypothetical graph of a gamma curve
for a prior art flat panel LCD device;

[0014] FIG. 4 shows a hypothetical graph of a common
gamma curve for a flat panel LCD device employing the
present invention;

[0015] FIG. 5 shows a graph of a video output parameter
plotted against a dimensionless distance parameter for a prior
art flat panel LCD device; and

[0016] FIG. 6 shows a graph similar to FIG. 5, but employ-
ing the present invention method.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0017] FIG.1 shows a front elevational view of an embodi-
ment of the flat panel LCD 10 of the present invention. In the
particular embodiment taught herein, the flat panel LCD 10 is
intended for use as an instrument panel 100 for an aircraft. An
available instrument panel area 102 on the instrument panel
100 is defined by and enclosed within a panel perimeter 104.
The flat panel LCD 10 is comprised of front and rear plates,
but only front plate 12 is visible in FIG. 1, with rear plate (not
shown in FIG. 1) being identically dimensioned. Front plate
12 has a plate area 22 defined by and enclosed within a plate
perimeter 24. An active display area 32 of front plate 12 is not
quite as large as the plate area 22. A portion 26 of the plate
area 22 just inside the entire plate perimeter 24 is occupied by
a width of sealing adhesive that is needed for forming a thin
cavity, which retains an amount of liquid crystal material
between the front plate 12 and the rear plate. Accordingly,
plate area 22 is effectively the sum of the active display area
32 and the portion 26 occupied by the sealing adhesive. Active
display area 32 is also defined by and enclosed within display
perimeter 34. For reasons related to the particular application,
that is, as an aircraft instrument panel 100, the front and rear
plates 12, 14 are not rectangular, but the present invention is
not limited to a non-rectangular flat panel LCD 10. In fact,
many of the important applications will involve a rectangular
flat panel LCD.

[0018] In the embodiment illustrated in FIG. 1, a plurality
of means for communicating an electrical driver signal to the
plate perimeter 24 are provided. As will be known to one of
skill in this art, the driver signals will comprise gate and
source driver signals. There are a number of known means for
communicating that may be used, including chip on film
(COF), chip on glass (COG), tape-automated bonding (TAB)
and others. As illustrated, a first set of communicating means
42 is located along a left side edge 52, with a corresponding
set of communicating means 44 located along a right side
edge 54. Connections 46, located along a top edge 56, are
intended for use with a panel heater system and not for deliv-
ering a driver signal, so the particular flat panel display 10 of
FIG. 1 cannot be divided into four separate display areas. A
single set of communicating means 48 is located along the
bottom edge 58. All communicating means 42, 44 and 48 are
aligned for parallel connection to appropriate driver circuits
(not shown), as is known in the art.

[0019] Inaflat panel LCD 10 having the aspect ratio illus-
trated, it is desirable to divide the active display area 32 into
a pair of side by side display areas 32a, 325, with a vertical
centerline 16 of the panel 10 defining the border between the
side by side display areas. In the particular embodiment
shown, the active display area 32 has an aspect ratio (defined
here as the maximum width to the maximum height) of about
2.6:1, so splitting the active display area in this manner effec-
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tively halves the aspect ratio of each individual display area
32a or 32b to about 1.3:1. In doing this, the bottom commu-
nicating means 48 will both provide driving signals (typically
a source driver signal) to the display areas 32a and 324, with
the communicating means 48 to the left of centerline 16
driving display area 32a and communicating means 48 to the
right of centerline 16 driving display area 325. Communicat-
ing means 42 will provide a driver signal (typically a gate
drive) to display area 32a and communicating means 44 will
provide a similar signal to display area 325.

[0020] It is noteworthy that display areas 32¢ and 324 are
not physically separated by any non-active area, such as the
non-active portion 26 that has the sealing adhesive. For that
reason, there should be no abrupt change in the photometric
characteristics of the active display 32 along centerline 16.
[0021] While FIG. 1 shows a particular application of the
inventive concept in an instrument panel 10 with first and
second display areas 324, 325, the invention may be also
applied to a more generalized panel of FIG. 2, exemplified by
a front plate 112, in which the abrupt change known in the
prior art is prevented. FIG. 2 shows a somewhat idealized
front plate 112 with a unitary visual display area that is not
just divided into two display areas 60, 62 separated by a
vertical centerline 116, but each of these display areas 60, 62
1s further subdivided by a horizontal centerline 216, resulting
in the four display areas 60a, 605, 62a and 625, where area 60
is equivalent to display area 32a of FIG. 1 and area 62 is
equivalent to display area 32. Front plate 112 has a pair of
first sides 152, 154 and a pair of second sides 156 and 158.
The first sides 152, 154 are parallel to each other and are
perpendicular to the second sides 156, 158, which are parallel
to each other. Vertical centerline 116 acts as a junction line,
and its dotted nature in the figure shows that it is present, but
not visually perceptible. The perimeter of display area 60
consists of first side 152, a first portion of second side 156, the
junction line 116 and a first portion of second side 158.
Similarly, the perimeter of display area 62 consists of first
side 154, the remaining portion of second side 156, the junc-
tion line 116 and the remaining portion of second side 158. By
applying a set of either gate or source drivers along sides 152,
154 and a set of the other type of drivers along either side 156
or 158, display areas 60 and 62 are separately driven.

[0022] It is further possible to subdivide one or both of
display areas 60, 62 into two separately driven subdisplay
areas 60a and 604 or 62a and 625. This is done by using the
horizontal centerline 216 as a subjunction line, where its
dotted nature in the figure shows that it is present, but not
visually perceptible. The perimeter of display area 60a con-
sists of a portion of first side 152, the subjunction line 216, a
portion of the junction line 116 and a first portion of second
side 158. Similarly, the perimeter of display area 605 consists
of the remaining portion of first side 152, a portion of second
side 156, a portion of the junction line 116 and the subjunc-
tion line 216. By applying a set of either gate or source drivers
along portions of side 152 and a set of the other type of drivers
along the portions of second sides 156 and 158, display areas
60a and 604 are separately driven. From this, it is clear how
display area 62 may be similarly subdivided into subdisplay
areas 62a, 62b.

[0023] While the example shows the active display area
being divided equally between the first and second display
areas 60, 62 and each of the display areas being subdivided
equally into subdisplay areas 60a, 605 and 62a, 625, it will be
clear that the divisions brought about by junction line 116
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and/or subjunction line 216 need not be equal for the advan-
tages of the present invention to be obtained.

[0024] Because display areas 60a, 605, 62a and 625 are
separately powered and driven, it is to be expected that the
overall visual image presented upon initial powering will not
be the desired unitary visual display that would be expected if
only a single powering and driving source was provided.
Accordingly, the differences between the respective display
areas will result in visual seam lines along the junction and
subjunction lines. One example of such difference can be due
to differences in the gamma curves obtained in each display
area. The gamma curve is a plot of the luminance of the
display as a function of the gray scale value. FIG. 3 is a
hypothetical example of a gamma plot showing curves 360a,
3605, 3620 and 3625 as measured from corresponding dis-
play areas 60a, 605, 62a and 625 for a display panel as shown
in FIG. 2.

[0025] Once curves 360a, 3605, 362a and 3625 are deter-
mined, then each curve may be adjusted to a common curve
364 as shown in FIG. 4, using known techniques, such as the
technique taught in commonly-owned U.S. Pat. No. 6,809,
746, which is incorporated by reference as if fully recited
herein. As shown in an enlarged portion of FIG. 4, curve 364
is actually a corridor 368 defined by upper limit curve 3664
and lower limit curve 3665, each of which may be set arbi-
trarily close to curve 364. For a given value 370 of gray scale,
the measured luminance can vary from a low limit value 370a
to ahigh limit value 3705 and still lie within corridor 368. The
amount of variance, that is, the vertical distance between
3706 and 370a along line 370, can be different between
applications, but each of the curves should be adjusted so that
it lies in corridor 368 across the entire range of gray scale.
When this occurs, any abrupt change along a junction line or
subjunction line is eliminated and a unitary visual image is
provided.

[0026] Incontrastto the gamma curve, in which luminance
is a function of gray scale value, there are measurable video
output parameters that are dependent upon distance from the
driving edge. Note in the embodiment shown in FIG. 2 that
the perpendicular distance from side 152 (which serves as a
driving edge in subdisplay areas 60a and 605) to junction line
116 is designated as W and that the perpendicular distance
from side 156 (which serves as a driving edge in subdisplay
areas 60a and 62a) to subjunction line 216 is designated as H.
If one measures any one of several video output parameters as
one moves along a straight line from a driving side edge (such
as side 152) to the junction or subjunction line opposite that
edge in the display or subdisplay area, a plot may be made of
that video output parameter against a normalized distance D,
which in this case we will define as a ratio of the distance
between the driving side and measurement point to the total
distance between the driving side and the junction or subjunc-
tion line. In other words, D increases from 0 to 1 as the
measurement point moves from the driving side to the junc-
tion line or subjunction line.

[0027] In hypothetical depiction of the abrupt change that
would be expected in the prior art, or in an unremediated
device of the present invention, a video output parameter V is
plotted as a function of this normalized distance D, as shown
in FIG. 5. In the hypothetical graph, curve 200 represents a
measurement of video output parameter V as taken while
moving vertically from left to right across display area 60 to
junction line 116 and curve 202 represents the measurement
ofthe identical video output parameter V as moving vertically
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in the same line, but from right to left, across display area 62.
It is relatively inconsequential that the curves may be offset
from each other when D=0, that is, at points 210, 212 on the
respective curves. This is because these measurements are
made at the driving edges of the display, that is, as far apart
vertically from each other as possible. However, an unaccept-
able situation is shown by the disparity at points 220 and 222.
This difference A in the video output parameter at D=1, that
is, along the junction line 116 or interface, means that there is
a visually perceptible seam line, due to the sudden disconti-
nuity in the video output parameter as one moves across the
Junction line 116 between the respective display areas.

[0028] The solution of the present invention is to employ a
normalization technique, as described further below. This is
shown graphically in FIG. 6, which shows a hypothetical
graph, similar to that of FIG. 5. However, FIG. 6 shows two
initial hypothetical curves, with curve 300 representing the
performance ofa first display area and curve 302 representing
the performance of an adjacent second display area. Again, it
is relatively inconsequential that the curves 300, 302 may be
offset from each other when D=0, that is, at points 310, 312 on
the respective curves. By employing the inventive method,
the prior disparity A is effectively eliminated by changing the
performance of the first display area from that of curve 310 to
that of curve 330 and changing the performance of the second
display area from that of curve 312 to that of curve 332. When
that is accomplished, curves 330 and 332 are coincident at
D=1, that is, at point 340, or at least differ from each other by
an amount no greater than a predetermined maximum dispar-
ity 9, this predetermined maximum disparity being an amount
that that is not visibly perceptible to most users. In a more
preferred embodiment of the invention, curves 330 and 332
vary from each other by less than  for given values of D over
the entire range of from 0.95 to 1, that is, within 5% of D, and
in the most preferred embodiments, curves 330 and 332 vary
from each other by less than & for given values of D over the
entire range of from 0 to 1.

[0029] Those of skill in this art will be able to properly
select one or more video output parameter from the group
consisting of: peak brightness, contrast, and white point color
temperature.

[0030] Just as a vertical junction line 116 may be rendered
visually imperceptible through this method, the same method
may be used to eliminate a horizontal subjunction line such as
216 that subdivides a display area such as 60 into subdisplay
areas 60a and 605.

[0031] The method of the present invention has particular
application when the active display area of a panel such as
panel 10 has an aspect ratio of at least 2.2 and the junction line
116 is a centerline of the front plate 12. The method also has
particular application when the active display area is adapted
for use as an aircraft instrument panel.

[0032] In practice, the normalization of the video output
parameter curves shown in FIG. 6 is accomplished by pro-
viding a flat panel LCD having a front plate for providing the
unitary visual display in first and second display areas joined
along a junction line, activating the respective first and second
display areas and measuring the value of at least one video
output parameter at a plurality of correspondingly positioned
first and second points in the respective display areas, and
tuning at least one of the respective driving circuits that drive
the first and second display areas, so that a difference between
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the measured values for each video output parameter of each
said pair of points is smaller than a predetermined allowable
variance.

[0033] Having shown and described a preferred embodi-
ment of the invention, those skilled in the art will realize that
many variations and modifications may be made to affect the
described invention and still be within the scope of the
claimed invention. Thus, many of the elements indicated
above may be altered or replaced by different elements which
will provide the same result and fall within the spirit of the
claimed invention. It is the intention, therefore, to limit the
invention only as indicated by the scope of the claims.

What is claimed is:

1. A flat panel liquid crystal display (“L.CD”), comprising:

a front plate with a plate area defined by a plate perimeter

defined by a plurality of sides, and an active display area
providing a unitary visual display within said plate
perimeter; and

said active display area divided into atleast first and second

display areas, a visual output of said first and second
display areas being separately driven; wherein a gamma
curve for each display area is set to a common gamma
curve across a range of gray scale values to provide the
unitary visual display.

2. The flat panel LCD of claim 1, wherein said first and
second display areas are defined by said plurality of lines and
the first and second display areas are separated by a junction
line passing across the plate, the visual output of each of the
first and second display areas is driven by a gate driver signal
and a source driver signal received along the respective dis-
play perimeter.

3. The flat panel LCD of claim 1, wherein said first and
second display areas comprising subpixels, said subpixels
having subpixel voltages, said subpixel voltages adjusted to a
desired optical transmission.

4. The flat panel LCD of claim 1, wherein said active
display areas has an aspect ratio of at least 2.2.

5. The flat panel LCD of claim 1, wherein the junction line
1s a centerline of the front plate.

6. The flat panel LCD of claim 1, wherein said display area
is adapted for use as an aircraft instrument panel.

7. The flat panel LCD of claim 2, wherein said active
display area is divided equally between the first and second
display area.

8. The flat panel LCD of claim 2, wherein at least one of the
first and second display areas is further subdivided into first
and second subdisplay areas, a visual output of said first and
second subdisplay areas being separately driven.

9. The flat panel LCD of claim 2, wherein a measurement
of a video output parameter at a point of the first display area
along any line perpendicular to the junction line and at a
distance therefrom differs by less than a predetermined
amount from a measurement of the video output parameter at
a corresponding point of the second display area along the
same perpendicular line, when the distance is less than 5% of
atotal distance from the one of the first set of parallel sides to
the junction line.

10. The flat panel LCD of claim 8, wherein the video output
parameter is selected from the group consisting of peak
brightness, contrast, and white point color temperature.

11. The flat panel LCD of claim 8, wherein said first and
second subdisplay areas are defined by said plurality of lines,
the junction line passing across the plate, and a subjunction
line passing across the plate separating the first and second
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subdisplay areas, the visual output of each of the first and
second subdisplay areas is driven by a gate signal driver and
a source signal driver received along the respective display
perimeter.

12. The flat panel LCD of claim 8, wherein each said
display area is divided equally between the first and second
subdisplay areas.

13. The flat panel LCD of claim 8, wherein the gamma
curve generated from the visual output of each said subdis-
play area is adjusted to be close to a common gamma curve
across a range of gray scale values to provide the unitary
visual display.

14. The flat panel LCD of claim 8, wherein a measurement
of a video output parameter at a point of the first subdisplay
area along any line perpendicular to the junction line and at a
distance therefrom differs by less than a predetermined
amount from a measurement of the video output parameter at
acorresponding point of the second subdisplay area along the
same perpendicular line, when the distance is less than 5% of
a total distance from the one of the first set of parallel sides to
the junction line.

15. The flat panel LCD of claim 14, wherein the video
output parameter is selected from the group consisting of
peak brightness, contrast, and white point color temperature.

16. A flat panel liquid crystal display (“LCD”), compris-
ing:

a front plate with a plate area defined by a plate perimeter
defined by a plurality of sides, and an active display area
providing a unitary visual display within said plate
perimeter;

said active display area divided into atleast first and second
display areas divided by a junction line, a visual output
of said first and second display areas being separately
driven; and

a first and second point on each of said first and second
display areas, wherein the values of at least one output
parameter is measured, said first and second points of the
respective display areas defining correspondingly posi-
tioned pairs of points relative to said junction line.

17. The flat panel LCD of claim 16, wherein the video
output parameters of each said pair of points relative to junc-
tion line is tuned so as to be within a predetermined allowable
variance.

18. The flat panel of claim 17, wherein the predetermined
allowable variance is set less than a visually perceptible dif-
ference for the at least one video output parameter, so as to
form the unitary visual display.

19. A method for manufacturing a flat panel liquid crystal
display (LCD) having a unitary visual display comprising
firstand second display areas that adjoin along a junction line,
a visual output of said first and second display areas being
driven by respective first and second driving circuits, com-
prising the steps of:

providing a flat panel LCD having a front plate for provid-

ing the unitary visual display;

activating the respective first and second display areas and

measuring the value of at least one video output param-
eter at a first and a second point on each of the first and
second display areas, said first points and said second
points of the respective display areas defining corre-
spondingly positioned pairs of points relative to said
Junction line; and
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tuning at least one of said first and said second driving 20. The method of claim 16, wherein the predetermined
circuits such that, after such tuning step, a difference allowable variance is set less than a visually perceptible dif-
between the measured values for each said at least one  ference for the at least one video output parameter.
video output parameter of each said pair of points is

smaller than a predetermined allowable variance. ok ok ok &
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