US 20090015539A1

12) Patent Application Publication (o) Pub. No.: US 2009/0015539 A1

a9y United States

Rumreich et al.

(43) Pub, Date: Jan. 15, 2009

(54) APPEARANCE IMPROVEMENT FOR ZONE
BACKLIT LCD DISPLAYS

(75) Inventors: Mark F. Rumreich, Indianapolis,
IN (US); Brent W. Hoffman,
Mooresville, IN (US)

Correspondence Address:

MORGAN LEWIS & BOCKIUS LLP
1111 PENNSYLVANIA AVENUE NW
WASHINGTON, DC 20004 (US)

Publication Classification

(51) Int.Cl

G09G 3/36 (2006.01)
L2 T VI o) R 345/102
(57) ABSTRACT

A liquid crystal display device includes a display panel hav-
ing an active image display region, a non-image display
region surrounding the active image display region, and a
border area disposed between the active image display region
and the non-image display region, and a backlight device
adjacent to the display panel and having a plurality of light
producing elements corresponding to the active image dis-
play region, wherein the border area is disposed between the
active image display region and the non-image display region
to diffuse light produced by the light producing elements
transmitted through the display panel within the border area.

(73) Assignee: TTE Indianapolis
(21) Appl. No.: 11/826,318
(22) Filed: Jul. 13, 2007

o £

U0

i e i’“‘““!‘i}




Patent Application Publication  Jan. 15,2009 Sheet 1 of 19 US 2009/0015539 A1

FIG. 1
Prior Art



Patent Application Publication  Jan. 15,2009 Sheet 2 of 19 US 2009/0015539 A1

T 200b

200a

FIG. 2
Prior Art



US 2009/0015539 A1

Jan. 15,2009 Sheet 3 of 19

Patent Application Publication

ale,
NN O thes,, oAty altr, et
. » 3. A A
AN, o'u/.).//r///////.aﬁt . ertanaNe oo’///////tAoc o ’//////fo o8 AR,y
ansssnnana e . SNNAAANANRRANNSAN S e, PRLOEERRERT RIS Vo QA»//////////////AQ. o SENNRANTNNAAS, & NN, oot
AR RSy AR IR AT R AR R R AR, 18 G R AR AR R A A AR AT A \ ) ' NN, o P\

0 . M
BTG 2 I LI LT R L LT R L CER EE L EERE L EE LEEELEL L EERRL PER L EEELEL R YRR ST . bR LREERVR VR L PET L1 OCREN AN
SR ESEEERREREEAR ERREALA R A REER AR A R e R A A RS R R e SRR AR R EREAR R R N S S U R ERERARA R R SRR A S S S St B E AL ER AR S R SR A A

NARNARRTTRN N AN R RS S AR O A A e R SRS AR AR N NN NS

AR AR AT AT R AT TR R R TR TR R R RO AN NN N SISSERRRE SRR S S ASS SNSRI
AR e R R A A A N L AR AL LA AR ALLLALRRRARR AR RERRE R NRR RN AN ERNRNRANEY k0 N b0 RS SRR
SRR N
AR NN
AR R R A A I RS SR S A Y
A R A N S L RLR LAY
AASERREALEERRE R A e R SRR AR LR A N AR S
RN R A e D R A SO U RR R URRE AR AR .
A A A A A IR AR R R R AR R RSV A R LR R R LR DARNA AR ARL L RRR A SANARNARAEY

RARSANSERERREARRAR R RN R R B A R O ARy AR EEEE AL A R L EE EERRR L SN N H S EGERLERELEERY
RSO atSUELEESEEEEE LRAEREELEERRE RN S S S USSR L CRY LSERRSE CEARNENN Asaan
R R R SRR RAREEA LR AR AR AR R A LR A A S A RS AN R R RS R A R L A R e
AR R e R N A a2 SR SRR SR ARE AR AN UL IR AR ARV

LA AR LERREERRRRRRERLER AR A A S aNSY

—— 0¢€¢

A A AR AR A AU
R e e G A A
RN NN NN NV VRN
A I AT R TR
AN AR ARARANS SR

R e
TR AR NN NN SO
U AR RSARTRRORSRASANNA *
A AR AR AR AR AR AR AR AR RSN,
N e e e e e e e R N e N e N e N N N S e R N A A A A R R A NN R S RN S R

PR f/’/ff/’/’/f/’/’//d'D/l/f././///f///ffof‘ '.(V////////////./.f//fl//f/f/’/’/.//f//fl/”f//’/.././f///././f////.’f////I.f./////f//./f/_ff./f.f./ff.f/f./’f///.////f////.//////////./_/////
TEANINRTRRRRES T T T T eiaaaye R T T Ay B T T N T AN N M 2NN
. .

Tt b e Svant vt egawe e

0I¢

- 00¢

N . .

1AV JOLLJ.
t "OId



US 2009/0015539 A1

Jan. 15,2009 Sheet 4 of 19

Patent Application Publication

BO1Y

Qo1+ <

BO1Y

L A A A 27
e ————————————————————————————

(L L L L L Ll A P P A P A L
|

Y i e T

_00F

)Y JI0L1d
¥ "OId



Patent Application Publication  Jan. 15,2009 Sheet 5 of 19 US 2009/0015539 A1

0

&3

5007

U
3

e g
T AR E
s




Patent Application Publication  Jan. 15,2009 Sheet 6 of 19 US 2009/0015539 A1

T
ol 33
Py Fa

o

i

SN ? ‘\‘.hz

s b s,
o e ey




Patent Application Publication  Jan. 15,2009 Sheet 7 of 19 US 2009/0015539 A1

;“Wg L
“

&
*
P Sl
e

FicC



US 2009/0015539 A1

° R Y
o
Pm '”///
AR
o0 >
bt -~
= RO
o
) ™~
-
LS
M ﬁ/”
S D
o U”W/
-~ N
w,
— ! & & /
. r m 3 0¢es
= C,// > |
»//.// ‘ .' .
LSy >
o¥S % p Y 01S
R e L W/////.U.O Ry ’f/////i,‘ i ../.fll

-
\ - il i

as "Old

Patent Application Publication



US 2009/0015539 A1

——— 0€S

N

It F ¥+ + + +

X
},’f/‘ NN M S Tesvanag® Tae

\ e N

0TS — < 00§

Jan. 15,2009 Sheet 9 of 19

 ——— 0I¢

ors— |

HS "OIA

Patent Application Publication



US 2009/0015539 A1

o RO PSS N E S SPPEL SRR A
. 'AII/»
s e Levdnry 09 _—1¥S
[
= N
b RN .W
- 33
(7] ppn.,
.//l\
@ ~
w) 2 ——— 0¢¢S
— A
= 2 S 4
] A ~
= 1C9 rpRprdandd o0 ——————— 01
- wd..mv RN @ﬂﬂa

\ = !v./s/w«

AS “OIA

Patent Application Publication



Patent Application Publication  Jan. 15,2009 Sheet 110f19  US 2009/0015539 A1

gy
£
5

¥ pre
Wi Lo Wy
(3 Ve

Fig



Patent Application Publication

e
4

Jan. 15,2009 Sheet 12 of 19

544

US 2009/0015539 A1

500

et

B

30 -

L3

540n~"1



Patent Application Publication  Jan. 15,2009 Sheet 130f19  US 2009/0015539 A1

; -
o) -

Fi



US 2009/0015539 A1

Jan. 15,2009 Sheet 14 of 19

] T e e o ——— 01/
- - » N
0¢L :

0cL—

L O

Patent Application Publication



Patent Application Publication  Jan. 15,2009 Sheet 150f19  US 2009/0015539 A1

——~ 800a

800b

8007

FIG. 8



US 2009/0015539 A1

-t
CER Ty TN, L TV ' PP O eemna,
SRR AN ey, et oo PR, LR, Lo\ lte .
| AR SRR R R N R T T o o L X SUCLELR L LR T i sativBNWS. « AN, o0 A
- FALEAREAREIRRRIARE £ 28 8 U AR AR R R A TR R R TR AR AR RS AR R R RS RARRS, N\ SANN, e ”//////////.I///c‘.l PELUL SOCRCENN

AR RS SRR AR R A A A e A A SRR AR SRS

B RS SRR R R AR LA R AN L RS A SRV ERARANY

A N A I AR R R R RN RV

S N S LELER LR CRRCES Y
AR RS SR RARELRAREA RN RARLLRRRARR S AN SRS SRR NS
B LS R A B e O
P RS RN
I\

-
AR A A A A A AR AR AR S RN
AR R R R A A R R AN RRRRY

M

AAAARRAAY NN

%
R b N SAARRRRAR AR
ORI, SO AN, WSNAS

A e A A R R MRS RS LR
AR W VNN SRR NN
AR R R N A R S s AU AR
R A L R AR AR AR AR AR AR
RS AR EEEARRRRRLARRERARERLARA SRS LR R ERRERARNY

A e N A R e S
LERKKRNRN COCRURAN AR

SSSRRSRSSS ANRRRRARAANRN AU
A e NN R3¢

e R R R AR AR AN H8

COLRRESSSS SN

A R R R R U R A R
A s A A e O R L A AR DR AR RER RS
R R AR ERERRARASARRRR RARR LR RS ARARRARANNNS

0t6

Jan. 15,2009 Sheet 16 of 19

po NN ROUCERS N " " NV URRRR RN R RN
Py N N NN NRRER VRN NN RN 3 A
AL L T SRR LAt TSR M R YL W SN S S "
e AN . e RPN R ] -, [ caee
7/4& oy AN N et Yy >3] L > T 1 0 By P ¢va L A (mv/h/v.u.v{ RN
[ 2 ’

1

Patent Application Publication



US 2009/0015539 A1

Jan. 15,2009 Sheet 17 of 19

Patent Application Publication

1101 — | LI A S A A A A A A A A

i A il i s

A/ A A A A A A i

cl101 A A A A A S A A A o A Ao A Ao A A A A AT,

P e e A L A i e

DU A A e A Al A

Yo::

0001

01 "Dl



Patent Application Publication  Jan. 15,2009 Sheet 180f19  US 2009/0015539 A1

il

112

‘g
o
# o
g" % e
%ﬁ -
P s



Patent Application Publication  Jan. 15,2009 Sheet 190f19  US 2009/0015539 A1




US 2009/0015539 A1

APPEARANCE IMPROVEMENT FOR ZONE
BACKLIT LCD DISPLAYS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play (LCD) device. More specifically, the present invention
relates to an appearance improvement for zone backlit LCD
devices and a method of reducing power consumption of an
LCD device.

[0003] 2. Discussion of the Related Art

[0004] In general, LCD devices are illuminated using vari-
ous backlight devices. For example, light emitting diodes
(LEDs) and fluorescent lamps (FLs), such as cold cathode
fluorescent lamps (CCFLs) and hot cathode fluorescent lamps
(HCFLs), are commonly used to provide light that passes
through transparent substrates of the LCD devices. However,
the backlight devices require significant amounts of power to
produce the light for displaying images of a display panel of
the LCD devices. Accordingly, a method of zone backlighting
has been developed as a useful way for reducing power con-
sumption in LCD devices. Using the zone backlighting
method, power is reduced by shrinking the active image dis-
play region of the display panel. Thus, only the active image
display region of the display panel requires illumination.
[0005] Using the zone backlighting method has many
undesirable side effects including the creation of a halo bot-
der effect due to the low contrast ratio of the display panel.
Specifically, when an image is produced on the display panel,
elements of the backlight device outside of the active image
display region are illuminated to ensure that the perimeter
portions of the active image display region are of the same
image intensity as a central portion of the active image dis-
play region. As a result, regions outside of the perimeter
portions of the active image display region are illuminated
and perceptually recognized to the eye of the viewer. Thus,
since LCD pixels just outside of the active image display
region may pass light due to light leakage, a halo border is
generated along the perimeter of the active image display
region distracting the viewer from the displayed images.
[0006] FIG. 1 is a reproduction of a display panel of an
LCD device having a halo border effect for an LED zone
backlighting according to the prior art, and FIG. 2 is a sche-
matic plan view of an LED backlight device according to the
prior art. In FIG. 1, the display panel 100 includes an active
image display region 110 and a surrounding non-image dis-
play region 120. Accordingly, since the perimeter portions of
the active image display region 110 must have same image
intensity as the central portion of the active image display
region 110, the LED elements of the backlight device outside
ofthe active image display region 110 are illuminated. In FIG.
2, the LED elements 200a that would correspond to the
perimeter portions of the active image display region 110 and
the LED elements 2005 that would correspond to the central
portion of the active image display region 110 are powered to
provide the same illumination intensity. Thus, as shown in
FIG. 1, a halo border 130 is produced along the perimeter
portions of the active image display region 110. As a result,
image contrast is significantly reduced along the perimeter
portions of the active image display region 110 due to the
presence of the halo border 130. This reduced image contrast
causes strain to a viewer’s eye, thereby rendering the dis-
played images unpleasant to watch.
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[0007] FIG. 3 is a reproduction of a display panel of an
LCD device having a halo border effect for a fluorescent lamp
FL (i.e, CCFLs or HCFLs) zone backlighting according to the
prior art, and FIG. 4 is a schematic plan view of a FL (i.e.,
CCFLs or HCFLs) backlight device according to the prior art.
In FIG. 3, the display panel 300 includes an active image
display region 310 and a surrounding non-image display
region 320. Accordingly, since the perimeter portions of the
active image display region 310 must have same image inten-
sity as the central portion of the active image display region
310, the FL elements of the backlight device outside of the
active image display region 310 are illuminated. In FIG. 4, the
FL backlight device 400 includes FL. elements 410 that
extend along an entire length L of the display panel 300 (in
FIG. 3). Each of the FL elements 410 have end regions 420a
that together with the outermost FL. elements 410a would
correspond to the perimeter portions of the active image dis-
play region 310 (in FIG. 3). In addition, the central regions
4205 and the FL elements 4105 would correspond to the
central portion of the active image display region 310 (in FIG.
3). Accordingly, each of the FL elements 410 are powered to
provide the same illumination intensity across the entire
length L of the display panel 300 and within the active image
display region 310 (in FIG. 3).

[0008] As shown in FIG. 3, since the FL elements 410 (in
FIG. 4) extend along the entire length [, of the display panel
300 outside the active image display region 310, a halo border
3301s produced along the entire length [ of the display panel
300 and along a width W of the perimeter portions of the
active image display region 310. As a result, image contrast is
significantly reduced along the perimeter portions of the
active image display region 310 due to the presence of the
halo border 330. Moreover, the halo border 330 extends along
the entire length of the display panel 300, thereby rendering
images produced in the active image display region 310
unpleasant to view.

[0009] Inaddition, each ofthe LCD devices of FIGS. 1 and
2 unnecessarily consume a large amount of power to illumi-
nate non-display regions of the display panels. Accordingly, a
method is needed that significantly reduces the production of
the halo border effect and reduces the unnecessary consump-
tion of power to illuminate the non-image display region.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to an
LCD device and a method of producing images on a display
panel of an LCD device that substantially obviates one or
more of the problems due to limitations and disadvantages of
the related art.

[0011] An object of the present invention is to provide an
LCD device that significantly reduces the appearance of the
halo border effect.

[0012] Another object of the present invention is to provide
an LCD device that reduces power consumption.

[0013] Another object of the present invention is to provide
a method of reducing power consumption of an LCD device.
[0014] Additional features and advantages of the invention
will be set forth in the description which follows and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.
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[0015] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a liquid crystal display device
includes a display panel having an active image display
region, a non-image display region surrounding the active
image display region, and a border area disposed between the
active image display region and the non-image display
region, and a backlight device adjacent to the display panel
and having a plurality of light producing elements corre-
sponding to the active image display region, wherein the
border area is disposed between the active image display
region and the non-image display region to diffuse light pro-
duced by the light producing elements transmitted through
the display panel within the border area.

[0016] In another aspect, a liquid crystal display device
includes a display panel having an active image display
region and a non-image display region surrounding the active
image display region, and a backlight device adjacent to the
display panel and having a plurality of light producing ele-
ments corresponding to the active image display region,
wherein the plurality of light producing elements include a
first group of light producing elements producing light and
disposed within a central area of the active image display
region operating at a first power input level, and a second
group of light producing elements producing light and dis-
posed along a perimeter of the active image display region
and operating at a second power input level lower than the first
power input level.

[0017] In another aspect, a method of reducing power con-
sumption of aliquid crystal display device includes providing
a first plurality of light producing elements of a backlight
device disposed adjacent to a display panel of the liquid
crystal display device, each of the first plurality of light pro-
ducing elements receiving a first input power level and pro-
ducing a first amount of light, the first plurality of light pro-
ducing elements disposed adjacent to a central area of an
active image display region of the display panel, and provid-
ing a second plurality of light producing elements of the
backlight device disposed adjacent to the display panel of the
liquid crystal display device, each of the second plurality of
light producing elements receiving a second input power level
less than the first input power level and producing a second
amount of light, the second plurality of light producing ele-
ments disposed adjacent to a perimeter area of the active
image display region of the display panel.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0020] FIG. 1is a schematic view of a display panel of an
LCD device having a halo border effect for an LED zone
backlighting according to the prior art;

[0021] FIG.2is aschematic plan view of an LED backlight
device according to the prior art;
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[0022] FIG. 3 is a schematic view of a display panel of an
LCD device having ahalo borderr afluorescent lamp FL zone
backlighting according to the prior art;

[0023] FIG. 4 is a schematic plan view of a FL backlight
device according to the prior art;

[0024] FIGS. 5A-H are schematic views of exemplary dis-
play panels of an LCD device having backlight device using
a bordering technique according to the present invention;
[0025] FIG. 6 is a schematic view of another exemplary
display panel of an LCD device fluorescent lamp FL back-
light device using a bordering technique according to the
invention;

[0026] FIG. 7 is a schematic view of another exemplary
display panel of an LCD device n LED backlight device using
a tapering technique according to the present invention;
[0027] FIG. 8 is a schematic plan view of an exemplary
backlight device for the display panel 7 according to the
present invention;

[0028] FIG. 9 is a schematic view of another exemplary
display panel of an LCD device fluorescent lamp FL back-
light device using a tapering technique according to the inven-
tion;

[0029] FIG. 10 is a schematic plan view of an exemplary
backlight device for the display FIG. 9 according to the
present invention;

[0030] FIG. 11 is a schematic view of another exemplary
display panel of an LCD device n LED backlight device using
a bordering and tapering technique according to the inven-
tion; and

[0031] FIG. 12 is a schematic view of another exemplary
display panel of an LCD device having a fluorescent lamp FL,
backlight device using a bordering and tapering technique
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Reference will now be made in detail to the illus-
trated embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0033] FIGS.5A-H are schematic views of exemplary dis-
play panels of an LCD device having an LED backlight
device using a bordering technique according to the present
invention. In FIG. 5A, a display panel 500 includes an active
image display region 510, a non-image display region 520
that surrounds the active image display region 510, and a
border area 540 disposed between the active image display
region 510 and the non-image display region 520. Although
not specifically shown, a backlight device having a matrix
array of LEDs may be disposed on a backside of the display
panel 500 to provide light that passes through the display
panel 500 to display images.

[0034] Although a halo region 530 may exist along an
outermost perimeter of the border area 540 in the display
panel 500, a viewer may not be distracted from viewing
images produced in the active image display region 510 due to
the presence of the border area 540. The border area 540 may
perceptually “fool” a viewer’s eye by providing for a gradual
transition region from the relatively brighter images dis-
played by the display panel 500 to the less bright regions of
the halo region 530 and the non-image display region 520.
[0035] Illumination intensity within the border area 540
may be selected at a higher level of non-uniformity than may
be acceptable within the active image display region 510.
Accordingly, the transition region is created by the border
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area 540 between the active image display region 510 and the
halo region 530 to diffuse the light produced by the backlight
device (not shown).

[0036] Theborder area 540 may be produced by modifying
the pixel values of the pixel regions disposed adjacent to the
active image display region 510. Accordingly, modification
of the pixel values may not result in modifying operational
characteristics of the backlight unit (not shown). Thus, no
additional power is required to operate the backlight unit (not
shown).

[0037] InFIG.5A,although the border area 540 is shown as
having a solid gray-scale rectangular geometry, other geom-
etries and colors may also be implemented. For example, as
shown in FIGS. 5B and 5C, the border area 540 may include
different patterned textures, such as images of water-droplets
and woven fabrics. As shown in FIGS. 5D and 5E, the border
area 540 may include a plurality of ordered patterned ele-
ments 541. As shown in FIG. 5F, the border area 540 may
include a plurality of randomly positioned patterned elements
541. As shown in FIGS. 5G and 5H, the border area 540 may
include a plurality of inner frames 5407 having gradual shad-
ing (i.e., gradiently shaded) from lighter to darker and from
darker to lighter.

[0038] Moreover, the border area 540 may be manually
altered by a user or alterations may be synchronized with the
images displayed in the active image display region 510.
Furthermore, the border area 540 may partially counteract
any non-uniform illumination within the border area 540
itself. For example, the border area 540 may have increased
dark pixel values in areas where the illumination is higher.

[0039] FIG. 6 is a schematic view of another exemplary
display panel of an LCD device having a fluorescent lamp FL,
backlight device using a bordering technique according to the
present invention. In FIG. 6, a display panel 600 includes an
active image display region 610, a non-image display region
620 that surrounds the active image display region 610, and a
border area 640 disposed between the active image display
region 610 and the non-image display region 620. Although
not specifically shown, a backlight device having a plurality
of fluorescent lamps FL elements may be disposed on a back-
side of the display panel 600 to provide light that passes
through the display panel 600 to display images.

[0040] In FIG. 6, the border area 640 is shown extending
nearly to edge portions of the display panel 600. Here, the
border area 640 may have a length L1 slightly less than an
overall length of the display panel 600, and a width W1 that
may be at least greater than a width of the active image display
region 610. Although a halo region 630 may exist along an
opposing perimeters of the border area 640 in the display
panel 600, a viewer may not be distracted from viewing
images produced in the active image display region 610 due to
the presence of the border area 640. [llumination intensity
within the border area 640 may be selected at a higher level of
non-uniformity than may be acceptable within the active
image display region 610. Accordingly, the border area 640
creates a transition region between the active image display
region 610 and the halo region 630 to diffuse the light trans-
mitted through the display panel 600.

[0041] Theborder area 640 may be produced by modifying
the pixel values of the pixel regions disposed adjacent to the
active image display region 610. Accordingly, modification
of the pixel values may not result in modifying operational
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characteristics of the backlight unit (not shown). Thus, no
additional power is required to operate the backlight unit (not
shown).

[0042] InFIG. 6, although the border area 640 is shown as
having a solid gray-scale rectangular geometry, other geom-
etries and colors may also be implemented. For example, the
border area 640 may include different textures, concentric
frames, and other colors. Moreover, the border area 640 may
be manually altered by a user or alterations may be synchro-
nized with the images displayed in the active image display
region 610. Furthermore, the border area 640 may partially
counteract any non-uniform illumination within the border
area 640 itself. For example, the border area 640 may have
increased dark pixel values in areas where the illumination is
higher.

[0043] According to the present invention, the halo effect
may be reduced by using a method of backlight tapering that
allows elements of a backlight device to be controlled to
generate a backlight transition region. Accordingly, perimeter
elements of a backlight device may be controlled to partially
illuminate a display panel of an LCD device. The perimeter
elements may be disposed at locations corresponding to
where the active image display region adjoins the non-image
display region in the display panel. Thus, by tapering the
illumination intensity of the perimeter elements of the back-
light device, the halo effect may be diffused and less distin-
guishable to a viewer, thereby rendering a high contrast
region between the active image display region and the non-
image display region.

[0044] According to the present invention, the tapering
method of reducing the halo effect also has the benefit of
reducing power consumption of the backlight device by not
producing the full illumination intensity at the perimeter ele-
ments. That is, the perimeter elements of the backlight device
may be operated at less than full power to produce a partial
illumination along perimeter areas of the active image display
region. Here, the tapering method may be used over single
transitional elements of the backlight device, as well as over
multiple elements to achieve the greatest diffusion.

[0045] FIG. 7 is a schematic view of another exemplary
display panel of an LCD device having an LED backlight
device using a tapering technique according to the present
invention, and FIG. 8 is a schematic plan view of an exem-
plary backlight device for the display panel of FIG. 7 accord-
ing to the present invention. In FIG. 7, a display panel 700
may include an active image display region 710, a surround-
ing non-image display region 720, and a halo region 730
disposed between the active image display region 720 and the
non-image display region 720. In FIG. 8, a backlight device
800 may include a first plurality of LED elements 800a (de-
lineated by a first dashed line boundary) and a second plural-
ity of LED elements 8004 (delineated by a second dashed line
boundary) laterally encircled by the first plurality of LED
elements 800a. The first plurality of LED elements 800a may
be similar to the second plurality of LED elements 8004.
However, the second plurality of elements 8005 may be oper-
ated at a lower input power to produce an amount of light
having a relatively lower illumination intensity than the first
plurality of elements 800a. As a result, the halo region 730 (in
FIG. 7) may be significantly reduced over the prior art,
thereby reducing the halo effect and reducing power con-
sumption of the backlight device 800. Accordingly, a viewer
may not be distracted from viewing images produced in the
active image display region 710 due to the reduced illumina-
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tion intensity along the perimeter of the active image display
region 710. The reduced illumination intensity may provide a
low frequency variation (i.e., gradual changes of light level)
to a viewer’s eye by providing for a gradual transition region
from the relatively brighter images displayed by within the
active image display region 710 to the less brighter regions of
the non-image display region 720.

[0046] InFIG. 8, although the second plurality of elements
800) are shown to include a single row of individual element,
the boundary of the second plurality of elements 8005 may be
drawn to include elements of the first plurality of elements
800a. Moreover, although two groupings of elements 800a
and 8005 are shown, different groupings may also be selected
based upon a desired diffusion pattern of the display panel
700 (in FIG. 7). For example, in FIG. 8, the first plurality of
elements 800a may correspond to a central area of the active
image display region 710 and the second plurality of elements
8005 may correspond to perimeter areas of the active image
display region 710. Accordingly, an intensity of the halo
region 730 may be adjusted by relative control of the first and
second pluralities of elements 800« and 8005.

[0047] However, the second plurality of elements 8005
may be selected to include elements of the first plurality of
elements 800a based upon the characteristics of the image
displayed in the active image display region 710 (in F1G. 7).
Conversely, the first plurality of elements 800a may be
selected to include elements of the second plurality of ele-
ments 8004 based upon the characteristics of the image dis-
played in the active image display region 710 (in FIG. 7). In
other words, based upon the images being displayed in the
active image display region 710, groupings of the first and
second pluralities of elements 800a and 8005 may be varied
by a viewer either automatically or manually.

[0048] FIG. 9 is a schematic view of another exemplary
display panel of an LCD device having a fluorescent lamp FL,
backlight device using a tapering technique according to the
present invention, and FIG. 10 is a schematic plan view of an
exemplary backlight device for the display panel of FIG. 9
according to the present invention. In FIG. 9, a display panel
900 may include an active image display region 910, a sur-
rounding non-image display region 920, and a halo region
930 having a width W2 disposed between the active image
display region 910 and the non-image display region 920 and
extending along an entire length .2 ofthe display panel 9000.
InFIG. 10, a backlight device 1000 may include a plurality of
FL elements 1010. However, a first group of outermost FL
elements 1011 of the plurality of FL elements 1010 may be
operated at a lower input power to produce an amount of light
having a relatively lower illumination intensity than a second
group of central FL elements 1012 of the plurality of FL
elements 1010. As a result, the halo region 930 (in FIG. 9)
may be significantly reduced over the prior art, thereby reduc-
ing the halo effect and reducing power consumption of the
backlight device 1000.

[0049] InFIG. 10, although the first group of outermost FL,
elements 1011 are shown to include only one FL element,
additional FL, elements of the second group of central FL
elements 1012 may be operated at a lower power. Accord-
ingly, an intensity of the halo region 930 (in FIG. 9) may be
adjusted by relative control of the first and second groups
1011 and 1012 of the plurality of FL elements 1010.

[0050] According to the present invention, the halo effect
may be reduced by using a bordering technique to modify the
displayed image and a tapering technique to modify illumi-
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nation intensity of the backlight device. Accordingly, a fur-
ther exemplary embodiment may include a combination of
the present bordering and tapering techniques to further
reduce the halo effect and reduce power consumption.
[0051] FIG. 11 is a schematic view of another exemplary
display panel of an LCD device having an LED backlight
device using a bordering and tapering technique according to
the present invention. The display panel of FIG. 11 may
comprise elements of the embodiments shown in FIGS. §, 7,
and 8. Accordingly, discussion of these individual elements
may be found above and are not completely reiterated below.
[0052] In FIG. 11, a display panel 1100 includes an active
image display region 1110, a non-image display region 1120
that surrounds the active image display region 1110, and a
border area 1140 disposed between the active image display
region 1110 and the non-image display region 1120.
Although not specifically shown, a backlight device having a
matrix array of LEDs may be disposed on a backside of the
display panel 1100 to provide light that passes through the
display panel 1100 to display images.

[0053] Although a halo region 1130 may exist along an
outermost perimeter of the border area 1140 in the display
panel 1100, a viewer may not be distracted from viewing
images produced in the active image display region 1110.
[llumination intensity within the border area 1140 may be
selected at a higher level of non-uniformity than may be
acceptable within the active image display region 1110.
Accordingly, the border area 1140 creates a transition region
between the active image display region 1110 and the halo
region 1130 to diffuse the light transmitted through the dis-
play panel 1100. In addition, a backlight device similar to the
backlight device 800 (in FIG. 8) may be implemented with the
display panel 1100. Accordingly, the backlight device may
include different groupings of LED elements, wherein the
different groups may be operated at different input power
levels to produce different amounts of light and illumination
intensity. As a result, use of the border area 1140 and the
tapering of the light emitting elements of a backlight device
may reduce the halo region 1130 and reduce power consump-
tion of the backlight and LCD devices. Moreover, with regard
to the display panel of FIG. 11, both the bordering and taper-
ing techniques may be modified, as detailed above.

[0054] FIG. 12 is a schematic view of another exemplary
display panel of an LCD device having a fluorescent lamp FL
backlight device using a bordering and tapering technique
according to the present invention. The display panel of FIG.
12 may comprise elements of the embodiments shown in
FIGS. 6, 9, and 10. Accordingly, discussion of these indi-
vidual elements may be found above and are not completely
reiterated below.

[0055] 1In FIG. 12, a display panel 1200 includes an active
image display region 1210, a non-image display region 1220
that surrounds the active image display region 1210, and a
border area 1240 disposed between the active image display
region 1210 and the non-image display region 1220.
Although not specifically shown, a backlight device having a
plurality of FL elements may be disposed on a backside of the
display panel 1200 to provide light that passes through the
display panel 1200 to display images.

[0056] Although a halo region 1230 may exist along an
outermost perimeter of the border area 1240 along an entire
length 1.2 of the display panel 1200 as well as along a width
W2, a viewer may not be distracted from viewing images
produced in the active image display region 1210 due to the



US 2009/0015539 A1

presence of the border area 1240. Here, the border area 1240
may not extend along the entire length L2. Alternatively, the
border area 1240 may extend along the entire length T.2.
[llumination intensity within the border area 1240 may be
selected at a higher level of non-uniformity than may be
acceptable within the active image display region 1210.
Accordingly, the border area 1240 creates a transition region
between the active image display region 1210 and the halo
region 1230 to diffuse the light. In addition, a backlight device
similar to the backlight device 1000 (in FIG. 10) may be
implemented with the display panel 1200. Accordingly, the
backlight device may include different groupings of FL ele-
ments, wherein the different groups may be operated at dif-
ferent input power levels. As a result, use of the border area
1240 and the tapering of the light producing elements of a
backlight device may reduce the halo region 1230 and reduce
power consumption of the backlight device. Moreover, with
regard to the display panel 1200 of FIG. 12, both the border-
ing and tapering techniques may be modified, as detailed
above.

[0057] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
power generating systems of the present invention without
departing from the spirit or scope of the inventions. Thus, it is
intended that the present invention covers the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a display panel having an active image display region, a
non-image display region surrounding the active image
display region, and a border area disposed between the
active image display region and the non-image display
region; and

abacklight device adjacent to the display panel and having
a plurality of light producing elements corresponding to
the active image display region,

wherein the border area is disposed between the active
image display region and the non-image display region
to diffuse light produced by the light producing elements
transmitted through the display panel within the border
area.

2. The liquid crystal display device according to claim 1,
wherein the plurality of light producing elements includes
one of light emitting diodes and fluorescent lamps.

3. The liquid crystal display device according to claim 2,
wherein the plurality of light emitting diodes include a first
group of light emitting diodes disposed within a central area
of the active image display region and a second group dis-
posed along a perimeter of the active image display region.

4. The liquid crystal display device according to claim 3,
wherein the border area is adjacent to the second group of
light emitting diodes to diffuse the light produced by the
second group of light emitting diodes transmitted through the
display panel within the border area.

5. The liquid crystal display device according to claim 4,
wherein the first group of light emitting diodes are operated at
a first electrical power input and the second group of light
emitting diodes are operated at a second electrical power
input lower than the first electrical power input.

6. The liquid crystal display device according to claim 2,
wherein the plurality of fluorescent lamps includes a first
group of fluorescent lamps disposed within a central area of
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the active image display region and a second group of fluo-
rescent lamps disposed along opposing perimeters of the
active image display region.

7. The liquid crystal display device according to claim 6,
wherein the border area is adjacent to the second group of
fluorescent lamps to diffuse the light produced by the second
group of fluorescent lamps transmitted through the display
panel within the border area.

8. The liquid crystal display device according to claim 6,
wherein the first group of fluorescent lamps is operated at a
first electrical power input and the second group of fluores-
cent lamps is operated at a second electrical power input
lower than the first electrical power input.

9. The liquid crystal display device according to claim 1,
wherein the border area is one of a colored image, a solid
gray-scale image, patterned texture images, ordered pat-
terned element images, randomly positioned patterned ele-
ment images, and a plurality of gradiently shaded inner frame
images.

10. The liquid crystal display device according to claim 9,
wherein the border area is produced by pixels of the display
panel.

11. A liquid crystal display device, comprising:

a display panel having an active image display region and

a non-image display region surrounding the active
image display region; and

abacklight device adjacent to the display panel and having

a plurality of light producing elements corresponding to
the active image display region,

wherein the plurality of light producing elements include a

first group of light producing elements producing light
and disposed within a central area of the active image
display region operating at a first power input level, and
a second group of light producing elements producing
light and disposed along a perimeter of the active image
display region and operating at a second power input
level lower than the first power input level.

12. The liquid crystal display device according to claim 11,
wherein the plurality of light producing elements includes
one of light emitting diodes and fluorescent lamps.

13. A method of reducing power consumption of a liquid
crystal display device, comprising:

providing a first plurality of light producing elements of a
backlight device disposed adjacent to a display panel of
the liquid crystal display device, each of the first plural-
ity of light producing elements receiving a first input
power level and producing a first amount of light, the
first plurality of light producing elements disposed adja-
cent to acentral area of an active image display region of
the display panel; and

providing a second plurality of light producing elements of
the backlight device disposed adjacent to the display
panel of the liquid crystal display device, each of the
second plurality of light producing elements receiving a
second input power level less than the first input power
level and producing a second amount of light, the second
plurality of light producing elements disposed adjacent
to a perimeter area of the active image display region of
the display panel.
14. The method according to claim 13, wherein the first and
second pluralities of light emitting elements include one of
light emitting diodes and fluorescent lamps.
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15. The method according to claim 13, wherein the first
amount of light produced by the first group of light emitting
elements is greater than the second amount of light produced
by the second group of light emitting elements.

16. The method according to claim 15, further comprising
providing a border area between the active image producing
region and a non-image producing region that surrounds the
active image producing region.

17. The method according to claim 16, wherein the border
area diffuses the second amount of light transmitted through
the display panel.
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18. The method according to claim 17, wherein the border
area is one of a colored image, a solid gray-scale image,
patterned texture images, ordered patterned element images,
randomly positioned patterned element images, and a plural-
ity of gradiently shaded inner frame images.

19. The method according to claim 17, wherein the border
area is produced by pixels of the display panel.

20. The method according to claim 17, wherein the non-
image display region is darker than the border area.

% ok ok sk ok
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