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Plaintiffs AU OPTRONICS CORPORATION and AU OPTRONICS
CORPORATION AMERICA (collectively, “AUO”) for its complaint against
defendants SHARP CORPORATION a.k.a. SHARP KABUSHIKI KAISHA
(“Sharp Japan™) and SHARP ELECTRONICS CORPORATION (“Sharp
America”) (collectively, “Sharp” or the “Defendants”) state and allege as follows:
JUISDICTION AND VENUE

1. This action is based upon and afises under the Patent Laws of the

United States, 35 U.S.C. § 100 et seq., and in particular §§ 271, 281, 283, 284 and

285, and is intended to redress infringement of the Patents-in-Suit owned by AU

Optronics Corporation and AU Optronics Corporation America. This Court has
jurisdiction over the subject matter of this action pursuant to 28 U.S.C. §§ 1331
and 1338(a). |

2. Defendants have transacted and continue to transact business in the
United States and in the Southern Division of this judicial district by: using or
causing to be used; making; importing or causing to be imported; offering to sell or
causing to be offered for sale; and/or selling or causing to be sold directly, through
intermediaries and/or as an intermediary, a variety of products that infringe the
Patents-in-Suit.

3. This Court has personal jurisdiction over Sharp Japan, and venue is
proper in this judicial district pursuant to 28 U.S.C. §§ 1391 (b), (c) and (d), and 28
U.S.C. § 1400(b), in that the Defendants are committing and are causing acts of
patent infringement within the United States and within this judicial district,
including the infringing acts alleged herein, both directly, through one or more
intermediaries, and as an intermediary, and in that Sharp Japan has caused and
causes injury and damages in this judicial district by acts or omissions outside of
this judicial district, including but not limited to utilization of its‘ own distribution
channels established in the United States, to import a variety of products that

infringe the Patent-in-Suit into the United States and into this judicial district while
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deriving substantial revenue from services or things used or consumed within this
judicial district, and will continue to do so unless enjoined by this Court.

4, This Court has personal jurisdiction over Sharp America and venue is
proper in this judicial district pursuant to 28 U.S.C. §§ 1391 (b) and (c), and 28
U.S.C. § 1400(b), in that the Defendants are committing acts of patent
infringement within the United States and within this judicial district, including the
infringing acts alleged herein, both directly, through one or more intermediaries,
and as an intermediary.

5. On information and belief, Sharp America regularly imports large
quantities of Sharp Japan products into the United States for distribution
throughout the United States, including in the Southern Division of this judicial
district. On information and belief, Sharp America is involved in the distribution
of LCD products that infringe that Patents-in-Suit and is aware that its products are
sold throughout the United States, including in the Southern Division of the
Central District of California. On information and belief, the established
distribution networks of the Defendants consist of national distributors and
resellers, and the Defendants distribute to national retailers that have stores located
in the Southern Division of the Central District of California. By shipping into,
offering to sell in, using, or selling products that infringe the Patents-in-Suit in this
judicial district, or by inducing or causing those acts to occur, Sharp America has
transacted business and performed works and services in this judicial district, has
contracted to supply services and things in this judicial district, and has caused
injury and damages in this judicial district while deriving substantial revenue from
services or things used or consumed within this judicial district.

NATURE OF THE ACTION

6. AU Optronics Corporation and AU Optronics Corporation America

are the owners of United States Patent No. 7,723,728 (“the *728 patent”), United

COMPLAINT FOR PATENT INFRINGEMENT; -2-
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States Patent No. 7,771,098 (“the 098 patent”), and United States Patent No.
7,101,073 (“the *073 patent) (collectively, the “Patents-in-Suit”).

7. This is a civil action for the infringement of the Patents-in-Suit,
including the willful infringement of the Patents-in-Suit by Defendants.

8. The technology at issue involves the design and manufacture of
Liquid Crystal Display (“LCD”) modules, and thin film transistors on LCD glass
panels, which are both types of flat panel displays that are incorporated into a
variety of devices, including at least LCD portable computers and handheld
devices, LCD computer monitors, and LCD televisions.

THE PARTIES

9. AU Optronics Corporation is a corporation existing under the laws of

Taiwan, R.O.C., having a principal place of business located at No. 1 Li-Hsin Road
2, Science-Based Industrial Park, Hsinchu 300, Taiwan, R.O.C.

10. AU Optronics Corporation America is a California corporation,
having a principal place of business at 1525 McCarthy Blvd., Milpitas, CA 95035.

11. On information and belief, Sharp Japan is a corporation existing under
the laws of Japan, with a principal place of business located at 22-22 Nagaike-cho,
Abeno-ku, Osaka, Japan}545—8522.

12.  On information and belief, Sharp America is a corporation existing
under the laws of New York, with a principal place of business located at Mahwabh,
New Jersey. On information and belief, Sharp America is a wholly owned
subsidiary of Sharp Japan that either directly or indirectly imports into, sells,
and/or offers for sale Sharp Japan products in the Central District of California and
elsewhere in the United States. On information and belief, Sharp America has its
principal place of business at Sharp Plaza, Mahwah, New Jersey 07495-1163.

13.  On information and belief, Sharp America’s Western Regional Office,
a 539,000-square-foot facility, which serves as the hub for sales, marketing, service

and warehousing operations in the Western United States, is located in the

COMPLAINT FOR PATENT INFRINGEMENT; _3 -
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Southern Division of the Central District of California at 5901 Bolsa Avenue,
Huntington Beach, California 92647.
14.  On information and belief, Sharp America is registered to do business
in California.
THE PATENTS-IN-SUIT
15.  On May 25, 2010, the 728 patent, entitled “Fan-out wire structure for

a display panel” was duly and legally issued. AU Optronics Corporation and AU
Optronics Corporation America are the owners by assignment of all rights, title,
and interest in and to the 728 patent. A copy of the ’728 patent is attached as
Exhibit A.

16.  On August 10, 2010, the *098 patent, entitled “Multi-primary color
display” was duly and legally issued. AU Optronics Corporation and AU
Optronics Corporation America are the owners by assignment of all rights, title,
and interest in and to the 098 patent. A copy of the 098 patent is attached as
Exhibit B.

17.  On September 5, 2006, the *073 patent, entitled “Light Positioning
Device” was duly and legally issued. AU Optronics Corporation and AU
Optronics Corporation America are the owners by assignment of all rights, title,
and interest in and to the 073 patent. A copy of the 073 patent is attached as
Exhibit C.

18. AU Optronics Corporation and AU Optronics Corporation America
own the Patents-in-Suit and possesses the right to sue and to recover for

infringement of the Patents-in-Suit.
COUNTI

INFRINGEMENT OF THE 728 PATENT
19. The allegations in the foregoing paragraphs of this Complaint are

incorporated by reference herein as if restated and set forth in full.

COMPLAINT FOR PATENT INFRINGEMENT; -4-
DEMAND FOR JURY TRIAL
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20. In violation of 35 U.S.C. § 271, Defendants are now, and have been,
directly infringing, contributorily infringing and/or inducing infringement of the
*728 patent by, among other things, making, using, causing to be used, offering to
sell, causing to be offeréd for sale, selling, causing to be sold, importing and/or
causing to be imported without authority or license LCD devices (including but not
limited to LCD panels and LCD modules) manufactured by Sharp, its subsidiaries,
and its agents or third-party contract manufacturers and LCD products containing
such Sharp LCD devices.

21. On information and belief, Defendants have had knowledge of the
>728 patent through direct or indirect communications with AUO and/or as a result
of their participation in the LCD industry. Thus Defendants’ infringement of the
>728 patent is and has been deliberate and willful.

22.  Unless enjoined, Defendants will continue to infringe the *728 patent,
and AUO will suffer irreparable injury as a direct and proximate result of
Defendants' conduct.

23.  AUO has been damaged by Defendants’ conduct, and until an
injunction issues will continue to be damaged in an amount yet to be determined.

COUNT II
INFRINGEMENT OF THE °098 PATEN T
24. The allegations in the foregoing paragraphs of this Complaint are

incorporated by reference herein as if restated and set forth in full. |
25. In violation of 35 U.S.C. § 271, Defendants are now, and have been,
directly infringing, contributorily infringing and/or inducing infringement of the
*098 patent by, among other things, making, using, causing to be used, offering to
sell, causing to be offered for sale, selling, causing to be sold, importing and/or
causing to be imported without authority or license LCD devices (including but not

limited to LCD panels and LCD modules) manufactured by Sharp, its subsidiaries,

COMPLAINT FOR PATENT INFRINGEMENT; -5-
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and its agents or third-party contract manufacturers and LCD products containing
such Sharp LCD devices.

26. On information and belief, Defendants have had knowledge of the
’098 patent through direct or indirect communications with AUO and/or as a result
of their participation in the LCD industry. Thus Defendants’ infringement of the
’098 patent is and has been deliberate and willful.

27.  Unless enjoined, Defendants will continue to infringe the *098 patent,
and AUO will suffer irreparable injury as a direct and proximate result of
Defendants' conduct.

28. AUO has been damaged by Defendants’ conduct, and until an
injunction issues will continue to be damaged in an amount yet to be determined.

COUNT II1
INFRINGEMENT OF THE 073 PATENT
29. The allegations in the foregoing paragraphs of this Complaint are

incorporated by reference herein as if restated and set forth in full.

30. In violation of 35 U.S.C. § 271, Defendants are now, and have been,
directly infringing, contributorily infringing and/or inducing infringement of the
*073 patent by, among other things, making, using, causing to be used, offering to
sell, causing to be offered for sale, selling, causing to be sold, importing and/or
causing to be imported without authority or license LCD devices (including but not
limited to LCD panels and LCD modules) manufactured by Sharp, its subsidiaries,
and its agents or third-party contract manufacturers and LCD products containing
such Sharp LCD devices.

31. On information and belief, Defendants have had knowledge of the
>073 patent through direct or indirect communications with AUO and/or as a result
of their participation in the LCD industry. Thus Defendants’ infringement of the
’073 patent is and has been deliberate and willful.

COMPLAINT FOR PATENT INFRINGEMENT; -6-
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32.  Unless enjoined, Defendants will continue to infringe the 073 patent,
and AUO will suffer irreparable injury as a direct and proximate result of
Defendants' conduct.

33. AUO has been damaged by Defendants’ conduct, and until an
injunction issues will continue to be damaged in an amount yet to be determined.

PRAYER FOR RELIEF
WHEREFORE, Plaintiffs AUO prays for judgment as follows:
A.  That the Defendants have directly and/or indirectly infringed the

Patents-in-Suit;

B.  That the Defendants’ infringement of the Patents-in-Suit has been
willful;

C. That the Defendants and their parents, subsidiaries, affiliates,
successors, predecessors, assigns; and the officers, directors, agents, servants and
employees of each of the foregoing, and those persons acting in concert or
participation with any of them, are preliminarily and permanently enjoined and
restrained from continued infringement, including but not limited to using, making,
importing, offering for sale and/or selling products that infringe, and from
contributorily and/or inducing the infringement of the Patents-in-Suit prior to their
expiration, including any extensions;

D. That AUO be awarded monetary relief adequate to compensate AUO
for the Defendants’ acts of infringement of the Patents-in-Suit within the United
States prior to the expiration of the Patents-in-Suit, including any extensions;

E.  That any monetary relief awarded to AUO regarding the infringement
of the Patents-in-Suit by Defendants be trebled due to the willful nature of the
Defendants’ infringement of the Patents-in-Suit;

F. That any monetary relief awarded to AUO be awarded with

prejudgment interest;

COMPLAINT FOR PATENT INFRINGEMENT; _7_
DEMAND FOR JURY TRIAL
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G.  That this is an exceptional case and that AUO be awarded the
attorneys’ fees, costs and expenses that it incurs prosecuting this action; and

H. That AUO be awarded such other and further relief as this Court
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US007723728B2
a2 United States Patent (10) Patent No.:  US 7,723,728 B2
Chen et al. 45) Date of Patent: May 25, 2010
(54) FAN-OUT WIRE STRUCTURE FOR A 6,831,724 B2* 12/2004 Ohtaetal. ....ccccvrrrnren 349/141
DISPLAY PANEL 6,835,896 B2* 12/2004 Hwangetal ......ccocoo.. 174/255
(75) Taventors: Kun-Hong Chen, Danshuci Township, 6,872,580 BZ: 3/2005 Chenetal. ..oceeerreveereene 438/4
Taipei County (TW); Wen-Rei Guo, 6,956,757 B2* 10/2005 Shepard ....overrereecenne 365/100
Jhunan Township, Miaoli County (TW) 7,005,852 B2* 2/2006 Andreietal. ............... 324/252
(73) Assignee: Au Optronics Corporation, Hsinchu
(TwW)
(Continued)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS

U.S.C. 154(b) by 911 days.

CN 1499473 5/2004
(21) Appl.No.: 11/438,382
(22) Filed: May 22, 2006
(Continued)
(65) Prior Publication Data
OTHER PUBLICATIONS

US 2007/0039706 Al Feb. 22, 2007
English language translation of abstract of TW 571288.

(30) Foreign Application Priority Data
Aug. 19,2005  (TW) ooveveervrccessennsrneneianns 04128484 A (Continued)
Primary Examiner—Chris C Chu
(51) ?Il{;] glé7/12 . @00601) (74)  Attorney, Agent, or Firm—Thomas, Kayden,
(52) US.ClL oo, 257772; 257/E23.062; 257/29; Horstemeyer & Risley
257/751;349/151; 349/152; 345/98 5 ABSTRACT
(58) Field of Classification Search .......... 257/E23.062,

257/E23.07, E23.178, 72, 207, 751, E21.413,
257/29, 258; 162/301; 29/603.18, 603.25,
29/831, 847; 349/152, 151, 147-149; 345/90,
345/98-100; 174/254, 260, 438/30, 149

See application file for complete search history.

A fan-out wire structure is used to connect a driver and a
display region of a display panel and has a plurality of first
single-layer wires and at least one second single-layer wire.
The first ends of the first single-layer wires are connected to

(56) References Cited the driver, and the second ends of the first single-layer wires
U.S. PATENT DOCUMENTS are connected to the display area. The first end of the second

single-layer wire is connected to the driver, and the second

5,346,748 A * 9/1994 YOKONO ....cevererurvianiane 428/209 end ofthe second single-layer wire is connected to the display

3,892,358 A 41999 Geetal. area. A metal layer of the first single-layer wires is different

6,710,450 B2*  3/2004 HSU weooroovrosreroemreerernnne 2571778 : :
v . 1 ec ngle-layer wire.
RE38,516 E 52004 Hasegawaetal. ............ 340758 iroma metal layer of the second single-lay
6,730,932 B2  5/2004 Yamazakietal. .......... 257/72
6,737,799 Bl 5/2004 Lih et al. 7 Claims, 4 Drawing Sheets
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7
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U.S. PATENT DOCUMENTS FOREIGN PATENT DOCUMENTS

7,215,331 B2 5/2007 Songetal. ™ 460856 10;7-001

7,333,172 BL*  2/2008 Zhang ....ooevevorveroveenn saonsy TV ot /200

7,454,724 B2* 11/2008 Kuriharaetal. .....occconrres 7165 wo WO 9900695 111996

7,459,779 B2* 12/2008 Chungetal. ... s 257/692

7,459,780 B2* 12/2008 Chen ...oooo.oovvvvvrrnrnrrns 257/695 OTHER PUBLICATIONS

7,527,900 B2* 5/2009 Zhouetal. ....cooviinriiuine 430/5 English language transtation of abstract of TW 569477.
2003/0128326 Al* 7/2003 Yamaguchietal. ......... 349/152 English language translation of abstract of CN 1499473,
2003/0200647 Al* 10/2003 Kamijima ................ 29/603.18  English language translation of abstract of WO 9900695.
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FAN-OUT WIRE STRUCTURE FOR A a flat panel display with higher resolution, lighter weight and
DISPLAY PANEL thinner size, and better display quality.
In accordance with a preferred embodiment, the fan-out
RELATED APPLICATIONS wire structure comprises a plurality of wires. Each of the

The present application is based on, and claims priority
from, Taiwan Application Serial Number 94128484, filed
Aug. 19,2005, the disclosure of which is hereby incorporated
by reference herein in its entirety.

BACKGROUND

1. Field of Invention

The present invention relates to a display panel. More
particularly, the present invention relates to a fan-out wire
structure for the display panel.

2. Description of Related Art

Flat panel displays such as a liquid crystal display (LCD)
and a plasma display have the advantages of high image
quality, small size, light weight and a broad application range,
and thus are widely applied on consumer electronic products
such as a mobile phone, a notebook computer, a desktop
display and a television, and have gradually replaced the
conventional CRT displays as the main trend in the display
industry. The requirements of the so-called big area and high
resolution also become the key factors claimed by the flat
panel displays.

FIG. 1 is a schematic diagram showing a conventional
display panel. In a display panel 100, driver chips located on
a data driver 104 and a scan driver 106 provide signals respec-
tively to data lines and scan lines ina display area 102 via their
own fan-out wire structures 108. Since the pin gaps of the
driver chips are small and the gaps among the data lines or
scan lines are large, the ends of the fan-out wire structures 108
close to the data driver 104 and the scan driver 106 has a
smaller area and other ends of the fan-out wire structures 108
close to the display area 102 has a larger area, thus showing a
fan-shaped area.

FIG. 2 is a schematic diagram showing the conventional
fan-out wire structure. Generally speaking, different single-
layer metal layers are used to form the wires 208 in accor-
dance with different drivers 104 and 106 connected to the
fan-out wire structures 108. For example, in the fan-out wire
structure 108 connected to the data driver 104, the wires 208
thereof are formed from a second metal layer (M2) on the
display panel; and in the fan-out wire structure 108 connected
to the scan driver 106, the wires 208 thereof are formed from
a first metal layer (M1) on the display panel.

However, with the increasing resolution of the flat panel
display and the decreasing size of the display frame, the gaps
among the wires 208 are also reduced and have approached to
the limits allowed by the design rule. Moreover, for prevent-
ing signal quality from being affected by different lengths of

. transmission paths, the wires 208 in the fan-out wire structure
108 sometimes may need extra curves to provide the trans-
mission paths of equal impedance, and yet, this method takes
more space. Hence, the aforementioned conventional skill
using one single-layer metal layer to construct all of the wires
in the same fan-out wire structure 108 cannot satisfy the
current requirements, and cannot be used for fabricating flat
panel displays having higher resolution, lighter weight and
thinner size, and better display quality.

SUMMARY

Hence, one aspect of the present invention is to provide a
fan-out wire structure for a display panel, thereby fabricating
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wires is formed from a single-layer metal layer, wherein the
single-layer metal layer of at least one wire is different from
the single-layer metal layer of the other wires.

In accordance with another preferred embodiment, the fan-
out wire structure is located on a glass substrate of a display
panel, and the fan-out wire structure comprises a plurality of
wires. The wires are formed respectively from a first metal
layer and a second metal layer formed on a glass substrate,
wherein at least one of the wires is of the first metal layer, and
at least one of the other wires is of the second metal layer, and
each of the wires is not across both of the first metal layer and
the second metal layer.

In accordance with still another preferred embodiment, the
fan-out wire structure is used for connecting a driver to a
display area in a display panel, and the fan-out wire structure
comprises a plurality of first single-layer wires and at least
one second single-layer wire. One end of each of the first
single-layer wires is connected to the driver, and the other end
of each of the first single-layer wires is connected to the
display area. One end of the second single-layer wire is con-
nected to the driver, and the other end of the second single-
layer wire is connected to the display area, wherein the metal
layer of the first single-layer wires is different from the metal
layer of the second single-layer wire.

It is to be understood that both the foregoing general
description and the following detailed description are
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings where:

FIG. 1 is a schematic diagram showing a conventional
display panel;

FIG. 2 is a schematic diagram showing the conventional
fan-out wire structure;

FIG. 3 is a schematic diagram showing a display panel
according to a preferred embodiment of the present invention;

FIG. 4A is a schematic diagram showing a fan-out wire
structure according to a preferred embodiment of the present
invention;

FIG. 4B is a schematic diagram showing a still another
fan-out wire structure according to a preferred embodiment
of the present invention;

FIG. 4C is a schematic diagram showing a further another
fan-out wire structure according to a preferred embodiment
of the present invention; and

FIG. 5 illustrates a cross-sectional view showing a pre-
ferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

The present invention is featured in forming individual
wires by using different single-layer metal layers, thereby

EXHIBIT A
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promoting the wire distribution density in the fan-out wire
structure via a plurality of metal layers and the wires each of
which are not across different metal layers, thus fabricating a
flat panel display with higher resolution, lighter weight and
smaller size and better display quality.

FIG. 3 is a schematic diagram showing a display panel
according to a preferred embodiment of the present invention,
wherein a display panel 300 comprises a display area 302, a
data driver 304 and a scan driver 306. The display panel 300
can be used in such as a liquid crystal display, a plasma
display, an organic electroluminescent display, an optical
interference display or other suitable flat panel displays.

The driver chips disposed in the data driver 304 and the
scan driver 306 provide signals respectively to data lines and
scan lines in the display area 302 via their own fan-out wire
structures 308. Since the pin gaps of the driver chips are small
and the gaps among the data lines or scan lines are large, the
ends of the fan-out wire structures 308 close to the data driver
304 and the scan driver 306 has a smaller area and other ends
of the fan-out wire structures 308 close to the display area 302
has a larger area, thus showing a fan-shaped area.

FIG. 4A is a schematic diagram showing a fan-out wire
structure according to a preferred embodiment of the present
invention, wherein a fan-out wire structure 4084 comprises a
plurality of wires 418 and a plurality of wires 428. Each of the
wires 418 is formed form a first metal layer M1 alone, and
each of the wires 428 is formed form a second metal layer M2
alone, ie. each of the wires 418 or 428 is formed from a
single-layer metal layer M1 or M2, and the metal layer of at
least one wire is different from the metal layer of the other
wires.

In one aspect, the fan-out wire structure 408 is located on
a glass substrate of a display panel, and comprises a plurality
of wires 418 and 428. The wires 418 and 428 are formed
respectively from a first metal layer M1 and a second metal
layer M2, wherein at least one wire (418) is of the first metal
layer M1, and at least another wire (428) is of the second
metal layer M2. Each of the wires 418 or 428 is not across the
metal layers, i.e. cach individual wire has to be formed from
one single-layer metal layer M1 or Me alone.

In the other aspect, referring to FIG. 3 and FIG. 4A, the
fan-out wire structure 4084 is used for connecting the display
area 302 to the driver 304 or 306, and comprises a plurality of
single-layer wires 418 and at least one single-layer wire 428.
One end of each first single-layer wire 418 is connected to the
driver 304 or 306, and the other end of each first single-layer
wire 418 is connected to the display area 302. One end of the
second single-layer wire 428 is connected to the driver 304 or
306, and the other end of the second single-layer wire 428 is
connected to the display area 302.

The first metal layer M1 of the first single-layer wires 428
is different from the second metal layer M2 of the second
single-layer wire 418. Moreover, the single-layer wires 418
and 428 are connected to a plurality of pins of the driver 304
or 306 in a one-to-one relationship, i.e. to the pins of a driver
chip.

FIG. 4B is a schematic diagram showing a still another
fan-out wire structure according to a preferred embodiment
of the present invention; and FIG. 4C is a schematic diagram
showing a further another fan-out wire structure according to
a preferred embodiment of the present invention. FIG. 4A to
FIG. 4C are referenced for explaining the relationships
between different single-layer wires and different single-
layer metal layers thereof.

In accordance with the preferred embodiments of the
present invention, the wires 418 and 428 are arranged in a
predetermined sequence in the fan-out wire structure 408a
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according to the respective single-layer metal layers of the
wires 418 and 428. Further, two adjacent ones of the wires
418 and 428 are located on different metal layers, i.e. in case
one of the two adjacent wires is located on the first metal layer
M1, and the other one thereof is located on the second metal
layer M2.

Such as shown in FIG. 4A, the wires 418 and 428 of
different single-layer metal layers are alternately arranged,
i.e. thosenext to both sides of the wires 418 located on the first
metal layer M1 are the wires 428 located on the second metal
layer M2. Or, such as shown in FIG. 4B, the wires 428 of the
second metal layer M2 also can be formed directly above the
wires 418 of the first metal layer M1.

Accordingly, the minimum gap between two wires 418
located on the first metal layer M1 can be as small as the limit
allowed by the design rule, and the minimum gap between
two wires 428 located on the second metal layer M2 also can
be as small as the limit allowed by the design rule. By means
of the arrangement in which two adjacent wires 418 and 428
are of different single-layer metal layers M1 and M2 respec-
tively, the gap between two adjacent wires 418 and 428 can be
as small as the limit allowed by the design rule, thereby
increasing the number of wires accommodated in the fan-out
wire structure and promoting the signal transmission quality.

A proper arrangement method between the wires 418 and
the wires 428 may be selected by those who are skilled in the
art in accordance with the requirement of design and specifi-
cation, and is not limited to the one-to-one arrangement
method shown in FIG. 4A or FIG. 4B. Such as shown in FIG.
4C, one wire 428 located on the second metal layer M2 also
can be arranged between two wires 418 and another two wires
418 of the first metal layer M1, so as to appropriately increas-
ing the wire density in the fan-out wire structure.

FIG. 5 illustrates a cross-sectional view showing a pre-
ferred embodiment of the present invention for explaining
how to connect a wire 518 located on a first metal layer M1 in
a fan-out wire structure 508 1o a display element (not shown)
located on a second metal layer M2 in a display area 502.
Specifically speaking, while a connecting wire 538 of the
display element in the display area 502 is located on the
second metal layer M2 formed above a glass substrate 510,
two through holes (not labeled) are first formed on the first
metal layer M1 and the second metal M2, and then a wire 518
located on the first metal layer M1 in the fan-out wire struc-
ture 508 can be connected to the connecting wire 530 via a
conductive layer 527 formed on the two through holes.

In other words, the single-layer wires described in the
aforementioned preferred embodiments can be connected to
circuit lines (such as data lines or scan lines) located on the
meal layers different from where the single layer wires is,
merely by using the through holes and conductive layer in the
display area. Hence, in comparison to the conventional skill
of using the wires all of which are formed from the second
metal layer M2 to connect the data driver; and using the wires
all of which are formed from the first metal layer M1 to
connect the scan driver, the aforementioned preferred
embodiment of the present invention can simultaneously use
the fan-out wire structure containing wires of different single
layers to connect the data driver or the scan driver.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.
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What is claimed is:

1. A fan-out wire structure disposed on a glass substrate of
a display panel for connecting a driver to a display area in the
display panel, comprising:

a plurality of wires respectively formed from a first metal
layer and a second metal layer, wherein at least one of
the wires is of the first metal layer, and at least one of the
other wires is of the second metal layer, and each of the
wires is not across both of the first metal layer and the
second metal layer, wherein one end of each of the wires
is connected to the driver, and the other end of each of the
wires is connected to the display area, wherein two adja-
cent ones of the wires are separately formed from dif-
ferent metal layers.

2. The fan-out wire structure as claimed in claim 1, wherein
the plurality of wires is repetitively arranged in the fan-out
wire structure with a predetermined sequence according to
the metal layer of each of the wires. )

3. A fan-out wire structure used for connecting a driver to
a display area in a display panel, comprising:

a plurality of first single-layer wires, wherein one end of

each of the first single-layer wires is connected to the
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driver, and the other end of each of the first single-layer
wires is connected to the display area; and

at least one second single-layer wire, wherein one end of

the second single-layer wire is connected to the driver,
and the other end of the second single-layer wire is
connected to the display area, and a metal layer of the
first single-layer wires is different from a metal layer of
the second single-layer wire.

4. The fan-out wire structure as claimed in claim 3, wherein
the single-layer wires are connected to a plurality of pins of
the driver in a one-to-one relationship.

5. The fan-out wire structure as claimed in claim 3, wherein
the single-layer wires are repetitively arranged in the fan-out
wire structure with a predetermined sequence according to
the metal layer of each of the single-layer wires.

6. The fan-out wire structure as claimed in claim 3, wherein
two adjacent ones of the single-layer wires are separately
formed from different metal layers.

7. The fan-out wire structure as claimed in claim 3, wherein
the single-layer wires are disposed on a glass substrate of the
display panel.
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1
MULTI-PRIMARY COLOR DISPLAY

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 96136407, filed Sep. 28, 2007, which is herein
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to a display device and, in particular,
to a multi-primary color display.

2. Related Art

With advances in modern technologies, people have higher
demands for the colors of display devices, hoping that they
can provide more ample and saturated colors. Usual displays
only use three primary colors (e.g., red, green, and blue pri-
mary colors). However, such three-primary color displays
cannot thoroughly present all colors existing in nature, par-
ticularly sky blue and gold colors. In the prior art, a solution
is to increase the saturation of the above-mentioned three
primary colors, thereby enlarging the color gamut. However,
this method has its limitations. Moreover, it has the disadvan-
tage of a lower brightness due to the properties of the display.
Another solution is to include a new primary color different
from the red, green, and blue primary colors in the conven-
tional three-primary color displays. This newly added pri-
mary color falls outside the triangular color gamut enclosed
by the red, green, and blue primary colors on the CIE1931
chromatic diagram. Therefore, it can effectively increase the
color gamut of the display, as well as keep or even enhance the
brightness thereof.

SUMMARY OF THE INVENTION

An objective of the invention is to provide a display device
with a wider color gamut and more possible colors in nature.

In an embodiment of the invention, the display device
includes a backlight source and pixels. Each pixel has at least
four sub pixels displayed, respectively, red primary color,
green primary color, blue primary color, and a fourth primary
color. At the peak position of the fourth primary color located
in the wavelength range between 550 nm~600 nm, the relative
luminance ratio of the fourth primary color to the red primary
color is greater than or equal to 1. ’

In another embodiment of the invention, the display device
includes a backlight source and pixels. Each pixel has at least
four sub pixels including red primary color, green primary
color, blue primary color, and a fourth primary color. The
peak position of the fourth primary color is located in the
wavelength range between 550 nm~600 nm and the relative
luminance ratio of the fourth primary color to the green pri-
mary color is greater than or equal to 0.5.

In a further embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
In the wavelength range between 550 nm~600 nm the ratio of
the total relative luminances of the fourth primary color and
the red primary color is greater than or equal to 2.

In yet another embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
In the wavelength range of 550~600 nm, the ratio of the total
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relative luminances of the fourth primary color and the green
primary color is greater than or equal to 0.5.

In yet another embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
Suppose the backlight maximum of the backlight source is
normalized to one, and the filter spectrum of the sub pixels of
the fourth primary color is also normalized to one. The aver-
age relative luminance of the fourth primary color located in
the wavelength range of 550 nm~600 nm is greater than or
equal to 0.03.

In yet another embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
In the wavelength range of 450 nm~500 nm, the ratio of the
total relative luminances of the fourth primary color and the
green primary color is smaller than or equal te 10.

In yet another embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
In the wavelength range between 450 nm~500 nm, the ratio of
the total relative luminances of the fourth primary color and
the blue primary color is smaller than or equal to 10.

In yet another embodiment of the invention, the display
device includes a backlight source and pixels. Each pixel has
at least four sub pixels including red primary color, green
primary color, blue primary color, and a fourth primary color.
Suppose the backlight maximum of the backlight source is
normalized to one, and the filter spectrum of the sub pixels of
the fourth primary color is also normalized to one. The aver-
age relative luminance of the fourth primary color located in
the wavelength range of 450 nm-500 nm is smaller than or
equal to 10.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the

" invention will become apparent by reference to the following

description and accompanying drawings which are given by
way of illustration only, and thus are not limitative of the
invention, and wherein:

FIG. 1 is a schematic view of a display device according to
an embodiment of the invention;

FIG. 2 shows the spectra of the four backlight sources used
for simulations in the disclosed embodiments;

FIGS. 3A-3D show the relative luminance spectra of the
first, second, third, and fourth backlight sources in combina-
tion with the red, green, and blue primary color filters accord-
ing to the invention for obtaining larger color gamut;

FIGS. 4A-4D show the relative luminance spectra of the
first, second, third, and fourth backlight sources in combina-
tion with the red, green, and blue primary color filters accord-
ing to the invention for obtaining smaller color gamut;

FIG. 5A shows the relative color gamut and the relative
luminance ratio of the yellow primary color to the red primary
color obtained from several experiments in the first embodi-
ment;

FIG. 5B shows the relative color gamut and the relative
luminance ratio of the yellow primary color to the green
primary color obtained from several experiments in the first
embodiment;
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FIG. 5C shows the relative color gamut and the ratio of the
total relative luminances of the yellow primary color and the
red primary color obtained from several experiments in the
first embodiment; .

FIG. 5D shows the relative color gamut and the ratio of the
total relative luminances of the yellow primary color and the
green primary color obtained from several experiments in the
first embodiment;

FIG. 6 A shows the relative color gamut and the ratio of the
total relative luminances of the cyan primary color and the
green primary color obtained from several experiments in the
first embodiment; and

FIG. 6B shows the relative color gamut and the ratio of the
total relative luminances of the cyan primary color and the
blue primary color obtained from several experiments in the
first embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be apparent from the following
detailed description, which proceeds with reference to the
accompanying drawings, wherein the same references relate
to the same elements.

The invention discloses the relation among the relative
luminance (i.e., backlight intensityxtransmittance) of the pri-
mary colors in a multi-primary color display. At an appropri-
ate proportion of relative luminance or when the relative
luminance of the newly added primary color is greater than a
specific value, colors beyond the color gamut of the original
three primary colors (including natural colors and those
beyond the natural color gamut) can be produced.

An embodiment of the invention uses a simulation method
to simulate and observe spectral variations in the relative
luminance produced by the four different backlight sources
and several sets of color filters, as the color gamut thus formed
increases its range.

FIG. 1 is a schematic view of the display device in an
embodiment of the invention. The display device 100 has a
backlight source 104 and pixels 102. Each pixel 102 has at
least four sub pixels 112 that displays red primary color (R),
green primary color (G), blue primary color (B), and a fourth
primary color (V), respectively. For example, the display
device 100 can be a flat panel display, such as a liquid crystal
display (LCD). Each sub pixel 112 has a distinct color filter
for displaying a specific color from the light emitted by the
backlight source 104. .

F1G. 2 shows four backlight spectra used in the simulation
of the disclosed embodiment. The vertical axis labels the
relative luminance, and the horizontal axis labels the wave-
length in units of rm. As shown in the drawing, the spectra
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202, 204, 206, and 208 of the first, second, third, and fourth
backlight sources, respectively, have their specific relative
luminance distributions in different wavelength ranges.
Therefore, they can combine with different sets of color filters
to produce more colors in the simulations. FIGS. 3A-3D show
the relative luminance spectra when the first, second, third,
and fourth backlight sources, are combined respectively with
the red, green, and blue primary color filters to render larger
color gamut. The vertical axis labels the relative luminance,
and the horizontal axis labels the wavelength in units of nm.
In FIGS. 3A-3D, the spectra 302a-302d represent respec- ‘
tively the relative luminances in different wavelengths after
each backlight source is combined with the red color filter.
The spectra 304a-304d represent respectively the relative
luminances in different wavelengths after each backlight
source is combined with the green color filter. The spectra
306a-306d represent respectively the relative luminances in
different wavelengths after each backlight source is com-
bined with the blue color filter. The spectra 308a-3084 rep-
resent respectively the relative luminances of the light emitted
by the backlight source in different wavelengths.

FIGS. 4A-4D show the relative luminance spectra when
the first, second, third, and fourth backlight sources, are com-
bined respectively with the red, green, and blue primary color
filters to render smaller color gamut. The vertical axis labels
the relative luminance, and the horizontal axis labels the
wavelength in units of nm. In FIGS. 4A-4D, the spectra
402a-402d represent respectively the relative luminances in
different wavelengths after each backlight source is com-
bined with the red color filter. The spectra 404a-404d repre-
sent respectively the relative luminances in different wave-
lengths after each backlight source is combined with the
green color filter. The spectra 406a-406d represent respec-
tively the relative luminances in different wavelengths after
each backlight source is combined with the blue color filter.
The spectra 408a-4084d represent respectively the relative
luminances of the light emitted by the backlight source in
different wavelengths.

Afterwards, in the two sets of three-primary color filters for
the above-mentioned larger color gamut and smaller color
gamut, a different yellow or cyan primary color filter is added
to obtain multiple sets of four primary color filters for simu-
lations with four different backlight sources. Table 1 and
Table 2 show the chromatic coordinates (x,y) of the yellow
primary color or cyan primary color in the CIE1931 chro-
matic diagram when the four backlight sources are combined
with the yellow primary color filter or the cyan primary color
filter.

TABLE 1

Chromatic coordinates of the yellow prim.

color for different backlight sources.

First backlight Second backlight Third backlight Fourth backlight
source source source source
X Yy X y X y b3 y
0.4731 0.4949 0.4454 0.5128 0.4517 0.5196 0.4517 0.5174
0.4833  0.4925  0.4598  0.5071 0.4584  0.5215  0.4590 0.5194
0.4910 0.4902 0.4715 0.5017 0.4627 0.5226 0.4637 0.5205
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TABLE 1-continued

Chromatic coordinates of the yellow primary color for different backlight sources.

First backlight Second backlight Third backlight Fourth backlight
source source source source
X y X y X y X y
0.4970  0.4879 04810 04968 04656  0.5231  0.4668 0.5210
0.5016 0.4858 0.4888 0.4923 0.4675 0.5233 0.4689 0.5213
0.5053  0.4838 04955 04883 04688 05233 04704 0.5213
0.5084 0.4821 0.5011 0.4846 0.4697 0.5233 04714 0.5212
0.5110  0.4805 0.5059 04813 04704 05232 04722 0.5211
0.5132 0.4790 0.5102 0.4783 0.4710 0.5230 0.4728 0.5209
0.5151  0.4777 0.5139 04756 04714 05228 04732 0.5208
TABLE 2

Chromatic coordinates of the cyan primary color for different backlight sources.

First backlight Second backlight Third backlight Fourth backlight
source source source source
X y x y x v x y
0.1557 0.2376 0.1429 0.2809 0.1697 0.2186 0.1658 0.1880
0.1572  0.2646  0.1427 03092  0.1732  0.2453  0.1687 0.2124
0.1592 0.2927 0.1429 0.3382 0.1774 0.2734 0.1722 0.2384
0.1618  0.3215  0.1437 03673  0.1822 03024  0.1763 0.2659
0.1650 03506 0.1449 03962 01876 03319  (.1812 0.2944
0.1690 03795  0.1468  0.4243  0.1937 03613  0.1868 0.3235
0.1736 0.4077 0.1493 0.4514 0.2005 0.3901 0.1932 0.3527
0.179t 0.4348 0.1526 0.4771 0.2079 0.4179 0.2002 0.3814
0.1853 0.4604 0.1565 0.5011 0.2158 0.4442 0.2079 0,4091
0.1923  0.4841 0.1613  0.5231  0.2243 04685  0.2163 0.4355

The following two embodiments explain how to define the 35 source, and the fourth backlight source in combination with
relative luminance of the newly added primary color (e.g., different sets of four-primary color filters, respectively. The
yellow or cyan primary color) by observing several experi- relative Juminance ratio of the yellow primary color to the
mental examples using the above-mentioned simulation pro- green primary color is taken at the peak position of the yellow
cess. The relative luminance relation between red, green pri- ~ primary color inthe wavelength between 550 nm~600 nm. As
mary colors and the yellow primary color in the wavelength 40 shown in FIG. 5B, a wider color gamut is obtained when the
range between 550 nm~600 nm and the relative luminance ~ ati0 18 greater than or equal to 0.5. .
relation between green, blue primary colors and the cyan FIG. 5C shows the relative color gamut and the ratio of the
primary color in the wavelength range between 450 nm~500 ratio of the total relative luminances of the yellow primary
nm can effectively produce colors outside the gamut of the color and the rfad primary color e}ccordmg to.sever.al expert-
three primary colors. .45 mental results in the first embodiment. The little circle, hol-

low circle, cross, and hollow square represent the results of
First Embodiment using the first backlight source, the second backlight source,
the third backlight source, and the fourth backlight source in

FIG. 5A shows the relative color gamut and the ratio of the ~ combination with different sets of four-primary color filters,
relative luminance of the yellow primary color to the red 50 respectively. The ratio of the total r.elanve luminances gf the
primary color according to several experimental results in the yellow primary color and the red primary color is taken in the
first embodiment. The little circle, hollow circle, cross, and ~ Wavelength between 550 nm~600 nm. As shown in FIG. 5C,
hollow square represent the results of using the first backlight 2 wider color gamut is obtained when the ratio of the total
source, the second backlight source, the third backlight ~ relative luminances is greater thanorequalto 2.
source, and the fourth backlight source in combination with 55 FIG. 5D shows the relative color gamut and the ratio ofthe
different sets of four-primary color filters, respectively. The ratio of the total relative luminances of the yellow primary
relative luminance ratio of the yellow primary color to the red color and the green primary color according to sev eral experi-
primary color is taken at the peak position of the yellow mental results in the first embodiment. The little circle, hol-
primary color in the wavelength between 550 nm~600 nm. As low circle, cross, and hollow square represent th.e results of
shown in FIG. SA, a wider color gamut is obtained when the 60 using the first backlight source, the second backlight source,
ratio is greater than or equal to 1. the third backlight source, and the fourth l?ackhght source in

FIG. 5B shows the relative color gamut and the ratio of the ~ combination with different sets of four-primary color filters,
relative luminance of the yellow primary color to the green respectively. The ratio of the total r elative luminances of the
primary color according to several experimental results inthe ~ yellow primary color and the green primary color is taken in
first embodiment. The little circle, hollow circle, cross, and 65 the wavelength between 550 nm~600 nm. As shown in FIG.
hollow square represent the results of using the first backlight 5D, a wider color gamut is obtained when the ratio of the total
source, the second backlight source, the third backlight relative luminances is greater than or equal to 0.5.
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TABLE 3

Relations of the relative luminance ratios and color gamut for FIGS. 5A-5D.

Yocary Yocaky Yarcasso-e00 Yareasso-600
Rpcaky Tendency Gpeaky Tendency Rareasso-ao0 Tendency Gareasso-g00 Tendency
1.4859 0.99722 2.9895 1.0114
938.4043 1 4.0694 1 7.5361 1 2.2268 1
Yoeury Ratio of the relative luminance of the yellow primary color to the red primary color
(peak position in the wavelength of 550~600 nm);

Rpcaxy
Ypeuy ° Ratio of the relative luminance of the yellow primary color to the green primary color
G (peak position in the wavelength of

iy 550600 nm);
Yareassoogoo Ratio of the total relative luminances of the yellow primary color and the red
=———— primary color (in the wavelength of 550~600 nm);
Rareasso-s00
Yarcassous00 Ratio of the total relative luminances of the yellow primary color and the green
G primary color (in the wavelength of 550~600 nm).

areass 0600

Table 3 shows the relationships of the ratios and the color
gamut in FIGS. 5A-5D. The upper row gives the ratio in a
smaller color gamut, and the lower row gives that in a larger

color gamut is obtained when the ratio of their total relative
luminances is smaller than or equal to 1.
FIG. 6B shows the relative color gamut and the ratio of the

color gamut. This clearly shows the change tendency in the ;5 (4141 relative luminances of the cyan primary color and the
ratio and the corresponding color gamut. In th_e wave}ength blue primary color obtained from several experiments
range between 550 nm.~600 nm, when the relative lumlnar.ice according to the second embodiment of the invention. The
Ofﬂ.le red and green primary colors gets closer to the relative little circle, hollow circle, cross, and hollow square represent
luminance of the yellow primary color, the color gamut thus the results of using the first backlight source, the second
fomed is sma.ller. The ratios (area enclosed by the yellow 30 backlight source, the third backlight source ar’l d the fourth
zsgloasr:dcl?;'ot;enrgzie;:iijl:gngllloiigtehzt;vsasv(llefx?gtﬁfla)xi(girz?‘ ba.cklight source in combinati'on with different sets of fou{-
550~600 nm) and (area enclosed by the yellow primary color ~ Prmary color filters, respectively. The total relative umi-
in the wavelength range of 550~600 nm)/(area enclosed by nance here takes the total re.lanve 1um1n?nce of the cyan
the green primary color in the wavelength range of 550~600 35 primary color and the blue primary color in the wavelength
nm) are also smaller. That is, when the enclosed color gamut ~ range between 450 nm~500 nm. FIG. 6B shows that a larger
becomes larger, the spectrum of the yellow primary color color gamut is obtained when the ratio of their total relative
remains almost the same while those of the red and green  luminances is smaller than or equal to 1.
primary colors get lower. w0
To avoid the situation that colors beyond the color gamut of TABLE 4
the three primary colors cannot be displayed even when the Relations of the relative lnminance mtios and
ratios are reached because the relative luminance of the pri- the color gamut in FIGS. 6A-6B.
mary colors is too small, the first embodiment also finds the
required average relative luminance for the yellow primary. 45 Carcayso~son Careayso-s00
color in the wavelength range between 550 nm~600 nm. Gaeagsomson Tendency Bareayso-s00 Tendency
When the maximum of the backlight emitted by the backlight
source and the spectrum of the yellow primary color filter are
both normalized to unity, the average relative luminance of 73217 1L.0956
the yellow primary color in the wavelength range between g, 1.5293 t 0.83304 t
550 nm~600 nm should be greater than or equal to 0.03 to -
avoid the above-mentioned situation. . Caragsosoo Ratio of the total relz%tive luminances of the cyan primary
T color and the green primary color (in the wavelength range
a°2450~500  of (450~500 nm);
Second Embodiment Coreagsgosgy * Roti0 of the total relative luminances of the cyan primary
=220 color and the blue primary color (in the wavelength range
55 Bacassous0  of (450~500 nm).
FIG. 6A shows the relative color gamut and the ratio of the
total relative luminances of the cyan primary color and the Table 4 lists the relationships of the relative luminance
green primary color obtained from several experiments ratios and the color gamut in FIGS. 6A-6B. The upper row
according to the second embodiment of the invention. The gives the ratio in a smaller color gamut, and the lower row
little circle, hollow circle, cross, and hollow square represent 60 gives that in a larger color gamut. This clearly shows the
the results of using the first backlight source, the second change tendency in the ratio and the corresponding color
backlight source, the third backlight source, and the fourth B Y 5 500
backlight source in combination with different sets of four- gamut. In the Wavelength range between 450 nm~ nm,
primary color filters, respectively. The total relative lumi- whe{l the re.lanve luminance of-the cyan gets closer to the
nance here takes the tfotal relative luminance of the cyan 6s relative luminance of the blue primary color, the color gamut
primary color and the green primary color in the wavelength thus formed is smaller. In this case, the ratios (area enclosed
range between 450 nm~500 nm. FIG. 6A shows that a larger by the cyan primary color in the wavelength range of 450~500
EXHIBIT B
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nm)/(area enclosed by the blue primary color in the wave-
length range of 450~500 nm) and (area enclosed by the cyan
primary color in the wavelength range of 450~500 nm)/(area
enclosed by the green primary color in the wavelength range
of 450~500 nm) are greater. That is, when the enclosed color
gamut becomes larger, the spectra of the blue and green
primary colors remain almost the same while that of the cyan
primary color get lower.
To avoid the situation that colors beyond the color gamut of
the three primary colors cannot be displayed even when the
ratios are reached because the relative luminance of the pri-
mary colors is too small, the second embodiment also finds
the required average relative luminance for the cyan primary
color in the wavelength range between 450 nm~500 nm.
‘When the maximum of the backlight emitted by the backlight
source and the spectrum of the cyan primary color filter are
both normalized to unity, the average relative luminance of
the cyan primary color in the wavelength range between 450
nm-~300 nm should be smaller than or equal to 10 to avoid the
above-mentioned situation.
The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the following claims.
What is claimed is:
1. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;

wherein the relative luminance ratio of the fourth primary
color to the red primary color is greater than or equal to
1 at the peak position of the fourth primary color located
in the wavelength range between 550 nm~600 nm.

2. The display device of claim 1, wherein the fourth pri-
mary color is yellow primary color.

3. A display device, comprising:

a backlight source; and

a plurality of pixels, each of which has at least four sub

pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the relative luminance ratio of the fourth primary
color to the green primary color is greater than or equal
to 0.5 at the peak position of the fourth primary color
located in the wavelength range between 550 nm~600

nm.
4. The display device of claim 3, wherein the fourth pri-
mary color is yellow primary color.
5. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the ratio of the total relative luminances of the
fourth primary color and the red primary color is greater
than or equal to 2 in the wavelength range between 550
nm~600 nm.
6. The display device of claim §, wherein the fourth pri-
mary color is yellow primary color.
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7. A display device, comprising;
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the ratio of the total relative luminances of the
fourth primary color and the green primary color is
greater than or equal to 0.5 in the wavelength range
between 550 nm~600 nm.
8. The display device of claim 7, wherein the fourth pri-
mary color is yellow primary color.
9. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the average relative luminance of the fourth pri-
mary color is greater than or equal to 0.03 in the wave-
length range between 550 nm~600 nm when the maxi-
mum of the backlight emitted by the backlight source
and filters of the sub pixels of the fourth primary color
are both normalized to unity.
10. The display device of claim 9, wherein the fourth pri-
mary color is yellow primary color.
11. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the ratio of the total relative luminances of the
fourth primary color and the green primary color is
smaller than or equal to 10 in the wavelength range
between 450 nm~500 nm.
12. The display device of claim 11, wherein the fourth
primary color is cyan primary color.
13. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the ratio of the total relative luminances of the
fourth primary color and the blue primary color is
smaller than or equal to 10 in the wavelength range
between 450 nm~500 nm.
14. The display device of claim 13, wherein the fourth
primary color is cyan primary color.
15. A display device, comprising:
a backlight source; and
a plurality of pixels, each of which has at least four sub
pixels including red primary color, green primary color,
blue primary color, and a fourth primary color;
wherein the average relative luminance of the fourth pri-
mary color is smaller than or equal to 10 in the wave-
length range between 450 nm~500 nm when the maxi-
mum of the backlight emitted by the backlight source
and filters of the sub pixels of the fourth primary color
are both normalized to unity.
16. The display device of claim 15, wherein the fourth
primary color is ¢cyan primary color.

* * * * *
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7 ABSTRACT

A l1g,ht positioning device. The light positioning device
comprises a light guide plate, a hght source assembly and a
frame. The light guide plate comprlses a protrusion and a
recess. The light source assembly is disposed on the pro-
trusion of the light guide plate and abuts the light guide
plate. The light source assembly comprises a light source
module received in the recess of the light guide plate. The
frame is disposed under the light guide plate and light source
assembly.

8 Claims, 5 Drawing Sheets
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1
LIGHT POSITIONING DEVICE

BACKGROUND

The present invention relates to a light positioning device,
and in particular to a light positioning device capable of
reducing errors in assembly of a light guide plate, a light
source assembly and a frame thereof.

LCD devices are generally multiple-layer structures com-
prising a light guide plate, a light source assembly, an LCD
panel, a reflective plate, a diffusing plate and a frame.
Conventionally, the light source assembly is first fixed on the
frame and the light guide plate is then fitted into the frame.

Referring to FIG. 1, one side 11 of a conventional frame
1 is formed with a plurality of protrusions 12 and a plurality
of recesses 13. The protrusions 12 and recesses 13 are
aiternately formed on the side 11.

Referring to FIG. 2, a conventional light source assembly
2 comprises a flexible circuit board 21 and a plurality of light
source modules 22. Each light source module 22 comprises
at least one light-emitting diode (LED).

Referring to FIG. 3A, the light source assembly 2 is first
disposed on the side 11 of the frame 1. At this point, the light
source modules 22 of the light source assembly 2 are
respectively received in the recesses 13 of the side 11. A light
guide plate 3 is then fitted into the frame 1 and abuts the light
source assembly 2 to form a light positioning device 10.

Specifically, a tolerance or error may occur during manu-
facture of the frame 1. Further, assembly errors may occur
between the light guide plate 3 and the frame 1 and between
the light source assembly 2 and the frame 1. The cross
section of the assembled light positioning device 10 is
shown in FIG. 3B. Accordingly, a gap A exisis between a
light-input surface 31 of the light guide plate 3 and a
light-output surface 23 of the light source modules and a
displacement B exists between the central line of a LED 24
(or the light source module 22) of the light source assembly
2 and the central line 'of the light guide plate 3. The gap A
and displacement B are often large, such that light from the
LED 24 (or the light source module 22) cannot be effectively
utilized by the light guide plate 3. Thus, the performance of
the light positioning device 10 is adversely affected.

Additionally, assembly of the light positioning device 10
is complicated, resulting in increased manufacturing time,
manpower and cost.

SUMMARY

Accordingly, the invention provides an improved light
positioning device to overcome the aforementioned prob-
lems. The light positioning device comprises a light guide
plate, a light source assembly and a frame, The light guide
plate comprises a protrusion and a recess. The light source
assembly is disposed on the protrusion of the light guide
plate and abuts the light guide plate. The light source
assembly comprises a light source module received in the
recess of the light guide plate. The frame is disposed under
the light guide plate and light source assembly.

The light guide plate further comprises a main body. The
protrusion and recess are formed on one side of the main
body and the light source assembly abuts the main body.

The light source assembly further comprises a power
transmission member electrically connected to the light
source module.

The power transmission member comprises a flexible
printed circuit board (FPCB) or a printed circuit board
(PCB).
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The light source module further comprises a light-emit-
ting element. '

The light-emitting element comprises a light-emitting
diode (LLED) or a cold cathode fluorescent lamp (CCFL).

The recess is rectangular, curved, or polygonal.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention can be more
fully understood by reading the subsequent detailed descrip-
tion and examples with references made to the accompany-
ing drawings, wherein:

FIG. 1 is a schematic perspective view of a conventional
frame; ’

FIG. 2 is a schematic perspective view of a light source
assembly;

FIG. 3A is a schematic perspective view of a conventional
light positioning device;

FIG. 3B is a partial cross section according to FIG. 3A;

FIG. 4 is a schematic top view of the light positioning
device of an embodiment of the invention;

FIG. 5A is a schematic top view of the light guide plate
of the light positioning device of an embodiment of the
invention;

FIG. 5B is a schematic side view of the light guide plate
of the light positioning device of an embodiment of the
invention;

FIG. 5C is another schematic side view of the light guide
plate of the light positioning device of an embodiment of the
invention; and

FIG. 6 is a partial cross section according to FIG. 4.

DETAILED DESCRIPTION

Referring to FIG. 4, the light positioning device 100
comprises a light guide plate 110, a light source assembly
120 and a frame 130.

Referring to FIG. 4 and FIG. 5A, the light guide plate 110
comprises a main body 111, a plurality of protrusions 112
and a plurality of recesses 113. The protrusions 112 and
recesses 113 are alternately formed on one side of the main
body 111. The light guide plate 110 can alternatively com-
prise lateral shapes as shown in FIG. 5B and FIG. 5C.

As shown in FIGS. 4, 5A and 6, the light source assembly
120 is disposed on the protrusions 112 of the light guide
plate 110 and abuts the main body 111 thereof. The light
source assembly 120 comprises a plurality of light source
modules 121 received in the recesses 113 of the light guide
plate 110. Moreover, the light source assembly 120 com-
prises a power transmission member 122. The light source
modules 121 are disposed on the power transmission mem-
ber 122 and electrically connected thereto. The light source
modules 121 can thus acquire power via the power trans-
mission member 122. Additionally, the power {ransmission
member 122 can be a flexible printed circuit board (FPCB)
or a printed circuit board (PCB).

As shown in FIG. 6, each light source module 121 further
comprises a light-emitting element 123 disposed therein.
The light-emitting element 123 can be a light-emitting diode
(LLED) or a cold cathode fluorescent lamp (CCFL).

Specifically, although the recesses 113 of the light guide
plate 110 of this embodiment are rectangular, the recesses
113 can selectively be curved or polygonal in accordance
with the shape of the light source modules 121.
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The following description is directed to assembly of the
light positioning device 100.

The light source assembly 120 is directly fixed on the
protrusions 112 of the light guide plate 110. At this point, a
gap A' between a light-input surface 114 of the main body
111 of the light guide plate 110 and a light-output surface
125 of each light source module 121 can be adjusted to be
a minimal or optimal distance. The central lines of the
light-emitting element 123 of each light source module 121
and main body 111 of the light guide plate 110 can also be
adjusted to coincide with each other. As shown in FIG. 4, the
assembled light source assembly 120 and light guide plate
110 are then fitted into the frame 130. At this point, the
assembly of the light positioning device 100 is complete.

In conclusion, the light positioning device 100 has many
advantages including the following. Since the light source

"assembly 120 is fixed directly on the light guide plate 110,
the assembly errors therebetween are reduced. Each light-
emitting element 123 directly outputs light toward the center
of the main body 111 of the light guide plate 110. Thus, light
from each light-emitting element 123 is effectively utilized
by the light guide plate 110, enhancing brightness of the
light positioning device 100 (or an LCD device). Moreover,
the assembly of the light positioning device 100 is simpli-
fied, thereby reducing manufacturing time, manpower and
cost. Additionally, the frame 130 is simplified. Namely, the
frame 130 is formed without any protrusions and recesses as
are required by the conventional frame 1, thus reducing
manufacturing time and cost. Further, since the frame 130 is
simplified, the frame 130 provides more space for additional
deployment than the conventional frame 1.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A light positioning device, comprising:

a light guide plate, comprising a main body, a protrusion
and a recess, wherein the protrusion and recess are
formed on one side of the main body, and a thickness
of the protrusion is less than that of the main body;
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a light source assembly disposed on the protrusion of the
light guide plate and abutting the main body of the light
guide plate, wherein the light source assembly com-
prise a light source module and a power transmission
member, wherein the power transmission member
comprises a printed circuit board (PCB), the light
source module is received in the recess of the light
guide plate, and the power transmission member is
electrically connected to the light source and disposed
on the protrusion; and

a frame disposed under the light guide plate and light
source assembly.

2. A light positioning device, comprising:

a light guide plate comprising a main body, a protrusion
and a recess, wherein the protusion and recess are
formed on one side of the main body, and a thickness
of the protrusion is less than that of the main body;

a light source assembly disposed on the protrusion of the
light guide plate and abutting the main body of the light
guide plate, wherein the light source assembly com-
prises a light source module and a power transmission
member wherein the power transmission member com-
prises a flexible printed circuit board (PCB), the light
source module is received in the recess of the light
guide plate, and the power transmission member is
electrically connected to the light source module and
disposed on the protrusion; and

a frame disposed under the light guide plate and light
source assembly.

3. The light positioning device as claimed in claim 2,
wherein the light source module further comprises a light-
emitting element.

4. The light positioning device as claimed in claim 3,
wherein the light-emitting element comprises a light-emit-
ting diode (LED).

5. The light positioning device as claimed in claim 3,
wherein light-emitting element comprises a cold cathode
flourescent lamp (CCFL).

6. The light positioning device as claimed in claim 2,
wherein the recess is rectangular.

7. The light positioning device as claimed in claim 2,
wherein the recess is curved.

8. The light positioning device as claimed in claim 2,
wherein the recess is polygonal.

* K L
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A copy of this notice must be served with the summons and complaint on all defendants (if a removal action is
filed, a copy of this notice must be served on all piaintiffs).

Subsequent documents must be filed at the following location:

M| Waestern Division Xl Southern Division Eastern Division
312 N. Spring St., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Twelfth St., Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 82701-4516 Riverside, CA 92501

Fallure to file at the proper location will result in your documents being retumed to you.

CV-18 (03/06) NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY





