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in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for 3 Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Yoshinori SHIMIZU, Naka-gun, JAPAN;

Kensho Sakano, Anan-shi, JAPAN;

Yasunobu Noguchi, Naka-gun, JAPAN;

Toshio Moriguchi, Anan-shi, JAPAN;

Power of Attorney: None

Domestic Priority data as claimed by applicant

This application is a DIV of 121028,062 0210812008
which is a DIV of 101609,402 0710112003 PAT 7,362,048

which is a DIV of 091458024 1211011999 PAT 6,614,179

which is a DIV of 091300315 0412811999 PAT 6,069,440

which is a DIV of 081902725 071291199? PAT 5,998,925

Foreign Applications
JAPAN P 08-198585 0712911996

JAPAN P 08-244339 0911711996

JAPAN P 08-245381 0911811996

JAPAN P 08-359004 1212711996

JAPAN P 09-081010 0313111997

Request to Retrieve — This application either claims priority to one or more applications filed in an intellectual

property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
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Retrieve Electronic Priority Application(s) (PTOI’SBI’38 or its equivalent). Consequently, the USPTO will attempt

to electronically retrieve these priority documents.

It Required, Foreign Filing License Granted: 09E2QJ2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 12/548,618

Proiected Publication Date: 01f14f2010

Non-Publication Request: No

Early Publication Request: No
Title

LIGHT EMITTING DEVICE AND DISPLAY

Preliminary Class

313

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a US. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the US PTO website at http:ffwww.uspto.gowwebfofficesipacfdoclgeneralr’indexhtml.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the US. Government website, http:ffwww.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self—help "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the US. Government hotline at 1—866—999—HALT (1—866—999—4158).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

m).

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or afterthe effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PA'J‘ENT AND TWEMARK OFFICE
UNI'I‘I'II) S'I‘A’I‘I'IS I)I‘II’.3\I{'I‘E\IICNI'I‘ UI" (.‘UMMI‘IIIUI‘I
United States Patent and 'I‘radmnnrk ("Tim
Addicss. COMM ISSIE‘NI‘IH F‘OR PATENT-‘5PC- Bin I-lSO

Alexandria. \‘I—IIFIIIIEI 22313-1150w» “'.I}5_|]l[\.gl“'
 
 
 
I APPLICATION NUMBER I FILING ()R 3mm iM'I'i-z I l-‘lRS'l‘ NAMILI) AI’I’IJCAN'I' I A'l"l'Y. ImcKi-z'r NOII‘I'I'IJ-I |

1215483318 USIZWZUO‘) Yoshillm'i SI HMIZU 0020—5147PUS5

CONFIRMATION NO. 7447

2292 IMPROPER CPOA LETTER

BIRCH STEWART KOLASCH & BIRCH

p0 Box 747 willillIIIIIIIQIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIII
FALLS CHURCH, VA 22040-0747

Date Mailed: 10f05f2009

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08f27f2009. The Power of Attorney in this application is not

accepted tor the reason(s) listed below:

-The Power of Attorney you provided did not comply with the new Power of Attorney rules that became

effective on June 25, 2004. See 37 CFR 1.32.

fhpllallll"

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTOlSBlOS (OB-08)
Approved for use through 065019010. 0MB 0651-0032

US. Patent and Trademark Ofiice. U.S. DEPARTMENT OF COMMERCE
monk Reduction Act of1995. no - - Isons are re - uired to res . . -- to a collection of information unless it dis - is s a valid OMB control number.

Allomey Docket No. 0020-51 47PUS5
”T'L'TY

PATENT APPLICATION Frstt enter YoshanorISHIMlZU _
TRANSMITTAL LIGHT EMITTING DEVICE AND DISPLAY

(ONLY FOR NEW NONPROWSlONAL APPUCATlONS UNDER

3 7 CH? 1. 53(3)) Express Mail Label No.

APPLICATION ELEMENTS ADDRESS ro- $333532?” News
See MPEP chapter 600 consenting utility patent application contents. ‘ Alexandria VA 223134450

ACCOMPANYING APPLICATION PARTS

9. ‘3 Assignment Papers (cover sheet 81 documeniisll

  
Underme Pa u :

   
 

 

 
 

 

 

 
  

  

 
 

 

 

 

1- IEI Fee Transmittal Form {e.g.. PTOlSBn?)
Applicant claims small entity status.

' See 3? CFR 12?.  
 

2

  

 
 

 
 

 
 

3. Specification [Total Pages 60 I Name of AssigneeBoth the claims and abstract must start on a new page
[For min-merino on the pollen-ed ”8199M, see MPEP Mamie};

4. Drawingls} (35 use. 113) [Total Sheets 19 ]

- 37 CFR 3.73th Statement Power of
5. Oath or Declaration [Total Sheets 2 ] 1D. (utter: there is an assignee) Attorney

a. El Newly executed (original or copy) 11. El English Translation Document (ltappllcaole)
b A copy from a pn‘or application (37 CFR 1.63(d)}' {for continuatrbm’dnrr‘sional m'tlt Box 18 completed)

i. D DELETION 0F lNVENTORtS}Signed slalement attached deleting lnvenlorts) name in the
prior applioaflon, see ‘3? CFR 1.63(d}i2} and 1.3303).

 12. E information Disclosure Statement (PTOlSBtDB or PTO‘1449)

 
|:| Copies of citations attached

 13. D Preliminaly Amendment
6. El Application Data Sheet. See 3'." CFR 1.?6

1. El CD-RDM or CD-R in duplicate, large table orComputer Program (Appendix)

|:' Landscape Table on CD
3_ Nucleotide andlor Amino Acid Sequence Submission

(ll applicable, items a. — c. are required)

 
 

 
 
 . Return Receipt Postcard {MPEP 503)

(Should be specifically itemized)

 
   

 
 

15' El (terrified Cop}! of Priority Documentts)(If foreign pnonty is claimed)

16_ D Nonpublication Request under 35 u.s.c.122 (PJIZIIBII‘II-Applicant must attach form PTOtSBt35 or equivalent.
 

 

 
 

  

  

a. I: Computer Readable Form (CRF)
b. Specification Sequence Listing on: 17. IE Other: Copy of letter submitting priority documents

i. Cl CID-ROM or CDvR (2 copies); or ii. |:| Paper
 

 
  
  

  

 
 

 

o. |:' Statements verifying identity of above copies
13. It a CONTINUING APPLICATION. check appropriate box. and supply the requisite information below and in the list sentence of the

specification followerg the title, or in an Application Data Sheet under 3? CFR 1.376:

|:] Continuation Divisional El Continuation-impart (CIP) of prior application No.: _._._._ __"1210—2ng62IIIIIIIIIIIIIIII
Prior application information: Examiner Abduifattah B. Mustapha Art Unit: 2312
 
 

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number. 02292 OR B Correspondence address below

 
 

 

   

Birch. Stewart. Kolasch s Birch, LLP ADiWE Plias
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Docket No.: 0020-5147PUSS

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Yoshinori SHIMIZU et al.

Application No.: NEW Confirmation No.: N/A

Filed: AUG 2 '1 2099 Art Unit: WA

For: LIGHT EMITTING DEVICE AND DISPLAY Examiner: Not Yet Assigned
 

INFORMATION DISCLOSURE STATEMENT

[SUBMISSION WITH DIVISIONAL APPLICATION!

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

Pursuant to 3'? C.F.R. §§ 1.97 and 1.98, applicant(s) hereby submit(s) an Information

Disclosure Statement for consideration by the Examiner.

I. LIST OF PATENTS PUBLICATIONS OR OTHER INFORMATION 

The patents, publications, or other information submitted for consideration by the Office

are listed on the PTO-SB08(s), attached hereto.

II. COPIES

I] a. Copies of cited US. patents and patent application publications are not included.

Copies of foreign patent documents and non-patent literature are included.

 

[:1 b. Some or all of the documents listed on the PTO-SBOS are not enclosed because

they were cited in the International Search Report and copies should already be in the PTO file.

If copies are needed, please contact the undersigned.

Birch. Stewart. Kolasch & Birch. LLP ADMIETPIIaS

LOWES 1002, Page 299



TCL 1002, Page 300
LOWES 1002, Page 300

Application No.: Docket No.: 0020-5147PUS5

IE c. REFERENCES PREVIOUSLY CITED 0R SUBMITTED - Pursuant to 37 C.F.R.

§1.98(d), consideration of information listed on the PTO-SB08 form(s) is requested since

any patents, publications, or other information which are listed on the PTO-SB08 form(s)

but for which cepies are not enclosed herewith, were previously cited by or submitted to

the PTO in one of the following applications which has been relied upon for an earlier

filing date under 35 U.S.C. § 120:

U.S. A I. No s and U.S. Filin Date   

12f028,062 filed February 8, 2008

III. CONCISE EXPLANATION OF THE RELEVANCE

(check at least one box)

[I a. DOCUMENTS IN THE ENGLISH LANGUAGE — Some or all of the patents,

publications, or other information listed on the attached PTO SBOS are in the English language

and therefore, do not require a statement of relevancy.

[:I b. DOCUMENTS NOT IN THE ENGLISH LANGUAGE ~ A concise explanation of the

relevance of all patents, publications, or other information listed that is not in the English

language is as follows:

El 0. ENGLISH LANGUAGE SEARCH REPORT - An English language version of the search

report or action that indicates the degree of relevance found by the foreign office is attached,

thereby satisfying the requirement for a concise explanation. See MPEP 609(III)(A)(3).

IE d. OTHER - The following additional information is provided for the Examiner's

consideration. All references were cited during prosecution of parent Application No.

12f028,062 filed February 8, 2008.

IV. FEES (check one box)

D a. This Information Disclosure Statement is being filed concurrently with the filing

 

of a new patent application; therefore, no fee is required.

2 ADWETPllas
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Application No.:' " Docket No.: 0020-5147PUSS

K4 b. This Information Disclosure Statement is being filed concurrent with the

filing of a continuation-in—part, continuation, or divisional patent application; therefore, no

fee is required.

[:1 c. This Information Disclosure Statement is being filed within three months of the

filing date of a national application (37 C.F.R. § 1.97(b)(1)). No fee or statement is required.

El cl. This Information Disclosure Statement is being filed within three months of the

date of entry of the national stage as set forth in § 1.491 in an international application (37 C.F.R.

§ l.97(b)(2)). No fee or statement is required.

[:I e. This Information Disclosure Statement is being filed concurrently with the filing

of a Request for Continued Examination under § 1.114 (37 CPR. § l.9?(b)(4)). No fee or

statement is required.

D f. This Information Disclosure Statement is being filed before the mailing date of a

first Action on the merits (37 C.F.R. § 1.9760(3)). No fee or statement is required. In the event

that a first Office Action on the merits has been issued, please consider this IDS under 37 C.F.R.

§ l.97(c) and see the statement under 3'? C.F.R. § l.97(e) below, or, if no statement has been

made, charge our deposit account for the fee as required by 37 CPR. § 1.1 7(1)).

El g. This Information Disclosure Statement is being filed before the mailing date of a

Final Office Action under 37 C.F.R. § 1.113 (See 37 C.F.R. § 1.9?(c)(1)) or before the mailing

date of a Notice ofAllowance under 37 C.F.R. § 1.311 (See 37 C.F.R. § 197(c)(2)).

El No statement; therefore, a fee as required by 3'? C.F.R. § 1.17(p) is attached.

or

Cl See the statement below. No fee is required.

V. STATEMENT UNDER 37 CPR. 1.97 6

(check only one box)

The undersigned hereby states that:

3 ADMIETPIIaS
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Application No.: Docket No.: 0020-5147PUSS

D a. Each item of information contained in the IDS was first cited in any

communication from a foreign Patent Office in a counterpart foreign application not more than

30 days prior to the filing of this IDS; or

E] b. Each item of information contained in the IDS was first cited in any

connnunication from a foreign Patent Office in a counterpart foreign application not more than

three months prior to the filing of this IDS; or

El 0. No item of information contained in the IDS was cited in a communication from a

foreign Patent Office in a counterpart foreign application, and, to the knowledge of the person

signing the certification after making reasonable inquiry, no item of IDS was known to any

individual designated in 3? C.F.R. § 1.56(c) more than three months prior to the filing of the

IDS.

El (1. Some of the items of information were cited in a communication from a foreign

Patent Office. As to this information, the undersigned states that each item of information

contained in the IDS was first cited in a communication from a foreign Patent Office in a

counterpart foreign application not more than three months prior to the filing of this IDS. As to

the remaining information, the undersigned hereby states that no item of this remaining

information contained in the IDS was cited in a communication from a foreign Patent Office in a

counterpart foreign application and, to the best of my knowledge after making reasonable

inquiry, was known to any individual designated in 37 CPR. § l.56(c) more than three months

prior to the filing of this statement.

VI. PAYMENT OF FEES (check one box)

D The required fee is listed on the attached Fee Transmittal.

K4 No fee is required.

If the Examiner has any questions concerning this IDS, hefshe is requested to contact the

undersigned. If it is determined that this IDS has been filed under the wrong rule, the PTO is

4 ADMIETPHas
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Application No.: Docket No.: 0020-5147PUSS

requested to consider this IDS under the proper rule and charge the appropriate fee to Deposit

Account No. 02-2448.

If necessary, the Commissioner is hereby authorized in this, concurrent, and future

replies, to charge payment or credit any overpayment to our Deposit Account No. 02-2448 for

any additional fees required under 3'? C.F.R. § 1.16 or under § 1.17; particularly, extension of

time fees.

Dated: AUG 2 7 2009 Respectfully submitted,

By
Andre . Melkle

Registration No.: 32,868

BIRCH, STEWART, KOLASCH & BIRCH, LLP

8110 Gatehouse Road, Suite 100 East

PO. Box 747

Falls Church, Virginia 22040-074?

(703) 205-8000

Attorney for Applicant

Attachment(s):
PTOISBIOS

I:I Document(s)

El Foreign Search Report(s)
El Fee

D Other:

2%?
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AUG 2_ 7 2009
Used in Lieu 0f PTOISBIOBNB
[Based on PTO 01-08 version)

Subsfilule forfon'n 1449fPTO

INFORMATION DISCLOSURE —-flm_
STATEMENT BY APPLICANT

“’52“ "‘5'” *“wmme‘w’

m0020-5147PU85

U.S. PATENT DOCUMENTS

Examiner Cite Document Number I ' Name of Patentee 0r Eggficghmgtngfifi
Inflais" N0.‘ MM‘DD'YWY ApplicantofCiied Document figures Appear

--US-5.700.713— 12-23-1997 Yamazaki et al.
_——Van Pat ' hem
—-__R9911 8t 8'-
———Reeh 8t al.

--_°6‘1”°°3 Ree“ et 8"AF" US-6.784,511 08-31-2004 Kunihara at al.

_-_05-23-2000 Hoh" 61' 3'-
_——LOWE

US-5.1 13,985-A 06-02-1992 Patton at al.
US-4,644,223 02-17-1987 de Hair et al.

US~6,538,371 0325—2003 Duggal et al.
_-US-3 375 456 04-01-1975 Kano et al.

USE—3,510,732 05-05-1970 R. .Amans
AN* US-5,550.657 08-27-1996 Tanaka et al.
AO" US-5,578,839 11-26-1996 Nakamura et al.

US-6,UD4,001-A 12-21-1999 Noll
AQ” US-4,905,060 02-27-1990 Chinone et al.
AR" USS-3.652.956 '

US-4,314,910 02-09-1932 Barnes
US-5,006,908 0490991991 Matsuoka et al.

AU" USE-5,369,239 11-29-1994 Tamaki et al.
V‘ US-4,727,283 van Kemenade et al

W" USE-4298.820 11-03-1981 Bongggs et al
10-17-1972 Pinnow et al

 

 

 

 
 
 

J"
 
 

 
 
 

 >>3°  
 

 
x-

US-3.699.478
US-6,798.537 08-25-1998_
US-5,202.777 0913-1993

US-5.847.507 12-08-1998 Butlemorlh et al.
US-3.691,482 09-12-1972 Pinnow et al.
US-4.550.256 10-29-1985 Berkstesser et al.
US-4.716,33? 12-29-1987 Huiskes et al.
US-5.471,113 11-28-1995 De Backer et al.

US-5.825,125-A 1040-1998 Ligthart et al.
US-5.602,418-A 02-11-1997 Imai et al. .

US-5.949,182 09-07-1999 Shealy et al.
AK1* US-3.748,540 07-24-1973 HaiSjy et al.

US-5.512,210 04-30-1996 Sluzky et al.
Em US-5.630.741
m—08-15-1989

FOREIGN PATENT DOCUMENTS

Cite Fore‘- 0 Patent Document 53mm“Examiner Dane
InitiaIS' No.‘ omnlrycodé-Numbef-Kind Wefiflmwn) MM—DD—YYYY

--JP~2002~270020-A

1'
*  
I‘
i

1*IIIIIII
‘-av3?I

 
 

 
 
 

 
 
 
 

 
 
   

 
 

 

 

P , Cal . Li .
Name of Patentee 0r mflfinehimaagafias

Applicant of Cited DOC" ITIEI'II or mm Figures Appear

CASIO COMPUTER CO LTD
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AUG 2 7 2009

Used in Lieu of PTOISBIDBNB
(Based on PTO 01-03 version)

93509999144993

INFORMATION DISCLOSURE _Imfl'flk—
STATEMENT BY APPLICANT

(as-9541395139 “mm"

 

   
  
  

 
   
 
 

 
 
 

 
 

 
 

 
 

 

 
  

JP-7-321407
BC JP-6-115158

_Efl JP-61-158606
-E!_—

JP-07-203341 10-31-1995 NICHIA CHEM IND LTD

--JP-5-226676 03091993 SHARP CORP.
BH 11-22-1974

12-08-1995 FUJI ELECTRIC CO LTD.
04-26~1994 AGFA GEVAERT NV
07-18-1936

 

 
 

  
 
 
 

 
 

JP49-122292

41111-500564 01-12 1999_
J
K

L

P-8-78727-A 034M1 996—
0P-03-152898-A

90313997344 05-231994
P-0 500 937-A1

BN JP-2001-320094-A 11-13-2001
BO DE-3804293—A1 03-24-1939

- -A 0319-1994
- 01-04-1979

-_
BS DE-9013615u _—
BT JP-59 3010? 0 02-24-1934
BU JP—7-32638—U 03131995

--_1013-1939

—

—

—

—

—

—
- —

--#9126070? A 1918-1989 —

--JP-02-111922 A 04-24-1990 _
—
—
—

—

—
—
—
_
—
—

—

—

 _II_I_II_I.I_I_I_I_I.I_IHIIIIIIII   ‘—"P8 Nw _L 80|  G)00 N DOO _k "at(A)  

 
 

 
 

JP-00-160635-A 06-07-1994

9A1 JP-Ofi 027327 A
BB1 JP-06 32333 A 03-25-1994

JP-OT 114904-A 05-02-1995
JEB] P-07 235207 A 09-05-1995

 
 
 

 

BF1 JP—7—42152-A 07-21-1995

61 0—44-1980

-
- _

- —
- E
—

- —
— —
- —

- —=-—-BJ1—01-28-198?

- - __
- L1__—
-
-
-

H i
- —
- —

 

 
J

BM1 JP-07-120754-A

EM] JP-06-177423-A 0924-1994
_

Bil—-0320-1993

J

301 JP-05-63068-U

BR‘I EP-O 209 942«A1 01 23 1987
E _

 

  

P 0 541 373-A2 11-05-1992

JP-o 599 224 A1 0301-1994

EEHHEEIII.I_I_I.I.I_III_I.III   
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Used in Lieu of PTOISBIDBNB
{Based on PTO 01-03 version)
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INFORMATION DISCLOSURE AUG 2 7 w

STATEMENT BY APPLICANT Yoshinori SHIMIZU

(Use as many sheets as necessary) Examiner Name Not Yet Assigned
Aflomey Dockel Number 0020-5147PUS5

  
 
 
 
 
 
 
 

 

 
 

   

   
 

 

 
 

 

 

 

 

 

 

 

 
 

  

 

 

    

JP-01179471-A 07.17.1939 __-

___ _---—— I.
-_———I
--——_—I_
-__—I
___—_I

--JP-6220237-A 01-20-1907 _I

--wo-97150132-A1 12-31 -1 997 __I-_03-26-1998 I

.'—11-2+1973__-aw JP-mwz 07-21-1995——I
--—09-001972__-
-312" JP-491221 01-12-1974 _-

--JP4911257? 10-201974 _-
-—- I.
-09-22-1988 _-
-__I—ifl
-__——I

I.JP-10036835-A _——I302" 11249105233 _——I
--————I
-_——I.
-E__——I
--_——I—..
-__——I.
-_——I

_EEJP463103 -.

BA3- JP-8170077 07-02-1995 I

--—0324-1973——I.
_IJP-60144381 07-30-1985 __I-I303“ JP62167387 07.23.1937__-
-_——I

-09—16-1994 _-
-IEI*E JP-06268257 09-22-1994——I_

Birch. Stewart. Kolasch 8. Birch, LLP ADIWETPI'IaS

LOWES 1002, Page 306



TCL 1002, Page 307
LOWES 1002, Page 307

AUG 2 7 2009

Used in Lieu of PTOISBIOSNB
{Based on PTO 01-08 version}

5mm. snowman-To

INFORMATION DISCLOSURE _IEWIIII-
STATEMENT BY APPLICANT

‘““‘”""""""”"“"‘“"°°°”"””

---——0020«5147PUS5

 

 

 

  
  

  

 

  

 

 ---——_

BIG” GB-1 305111 01-31-1973

_--EP-0 667 383M 08-16-1995—

Examiner Date
Signature Considered

'EXAMINER: Initial it reierence considered. whether or not citalion is in confonnanoe with MPEF' 609. Draw fine through citation if not in conformance and not
considered. include copy of this form with next coml'nunication to applicant. " CITE N0: Those application(s} which are marked with an single asterisk (') next
to the Cile No. are not supplied (under 37 CFR 1.98{a)(2)(iii)) because that application was fried after June 30 2003 or is available in the IF'W. “ CITE NO;
Those document(s) which are marked with an double asterisk {“) next to the Cite No. are not supplied because theyr were previously cited by or submitted to the

Office in a prior application relied upon in this application for an eadier filing date under 35 U5S.C. 120. ‘Applicant's unique citation desig'lation number{optional}. 2See Kinds Codes of USPTO Patent Donn-helm atmflmor MPEP 901.04 3Enter Office that issued the document. by the tIIIIo—let‘lercode
{WIPO Standard 31'.3). .‘For Japanese patent docwnents, the indication of the year of the reign oi the Emperor must precede the serial number of the patent
document 5Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. I’Applicant is to place a check
mark here if English language Translation is attached.

 

  

NON PATENT LITERATURE DOCUMENTS

Examiner Cite Include name of the author (in CAPITAL LETTERS). title of the article (when appropriate). title of
I 't‘ I ‘ No I the item (book. magazine, journal, serial, symposium. catalog, etc}, date. page(s). volume-issuem 'a s ' numbe s . ublisher. ci andlor count where ublishod.

CA "White LED lamp: Efficient light-emitting; Manufacture cost half“, Nikkei Sangyo Shimbun,
Se tember 13, 1996, Published b1 Nihon Keizai Shimbunsha.

CB ”SIMENS SMT—TOPLED fur die Oberflachenmontage" Frank Mollmer at al. Simens
Components. 29 (1991) ert 4.
"Proceedings of the Institute of Phosphor Society", Translation of pages 1, 5 to 14 of the 264th
Proceedin s of the Institute of Phos nhor Societ . Nov. 29, 1996.

"Nichia Chemical starts the sample shipment of white light emitting diode". News Report.
translation Pipage 15 of Nikkei Electronics 1996.9.23 (No. 6?1}.
"Gaan Contact Bluel'Ultraviolet light Emitting Diode”. H. Amano et al.. Applied Physics, Vol.
20. No. 2, --.163-166 1991

"Phosphors Based on Rare-Earths. A New Era in Fluorescent Lighting". B.M.J. Smets,
Materials Chemistry and Physics. 16 . . 283-299 1987
"A New Phosphor for Flying-Spot Cathode~Ray Tubes for Color Television: Yellow Emitting..".

 Ilfl 

 

 

 

 

W.W. Holloway. Jr. et at. "Optical Properties of Cerium-Activated Garnet Crystals". 1969
Journal of the Otical Societ of America, Vol. 59, No. 1. pp. 60—63
W.W. HOLLOWAY. Jr. et al.. "On The Fluorescence of Cerium - Activated Garnet Crystals".
Ph sics Letters. Vol. 25A. No. 8. 23 October 196?. - . 614-615.

W.J. MINISCALCO et al.. "Measurements of Excited-State Absorption in Ce3+:YAGa)", J
As i. Ph 3. Vol. 49, No. 12, Deoember1978. . -. 6109-6111.

TakaShi MATSUOKA et al.. "Growth and Properties of a Wide-Gap Semiconductor lnGaN".
O toelectronics-Devices and Technologies, Vol. 5, No. 1, Boss-64. June 1990.

Tadao MIURA, ELECTRONICS ENGINEERING. "High-intensity White Backlighting for LCD of .Car Audios". Jul 1995, VOL 38. NO. 7. I I. 55-58

 

 

T. NAGATOMO et al., "Ga1-xlan Blue Light-Emitting Diodes". Proc. Electrochem. Soc..
1993. Vol. 93-10. . . 136-141.

 
Birch. Stewart, Kolasch It Birch. LLP ADMIETF’I’IaS

LOWES 1002, Page 307



TCL 1002, Page 308
LOWES 1002, Page 308

AUG 97 20119

Used in Lieu of PTOISBIOBNB
(Based on PTO 01—03 version)

seer... seems-o

INFORMATION DISCLOSURE —m_
STATEMENT BY APPLICANT

‘Usea""“”"”°e“‘"“°”a”’

 

 
  

   
  

  

 

II 911917.

Shuji NAKAMURA. "lnGaNI'AIGaN blue--tigl'It-emitting diodes. J Vac Sci. Technol. A 13(3).
Ma [Jun 1995. II .705-710.
Shuji NAKAMURA. “High-Power lnGaNlAlGaN Double—Heterostmcture Blue-LighI-Emitting
Diodes". IEDM 94 (1994). IEEE, . . 557-570.

Shuji NAKAMURA et al.. "Si-Doped lnGaN Films Grown on GaN Films". Jpn. J. Appl. Phys.
.L16-L19. Part 2 No. 1MB. 15 January 1993.

 

 

--

-cw S. Nakaura et al.. Japanese Journal of Applied Physics Part 2. Vol. 31. No. 10B. 1992. pp.
L1457-1459.

ElCY

--Phos hor Handbook. 1st Edition 198?. . .. 233-249 and 275-277
CA1 P. Schlouer et al. “Luminescence Conversion of Blue Light Emitting Diodes". Applied Physics

Letter. vol. 46. I. 417-418. Februa 1997

I.Nikkei Sangyo Shin-bun of September 13. 1996.001 Nakamura. SPIE. Vol. 3002. I I. 26-35 1997

--Mitsubishi Electric Com-an Technical ReIIrt. Vol. 43. No. 9. 1974. - . 1121-1124.
CE1 NLF. YAN et al.. "Preparation of Y3Al5012-Based Phosphor Powders. J. Electrochem. Soc..

Vol. 134. No. 2. Feb. 1987.

-CF1 M. Ikeda. Journal of the Illumination Society. Vol. 71. No. 10. 1987. pp. 612-617 and EnglishAbstract.

=-M. Ikeda et al.. Color Research a. A. Iication. Vol. 16. No. 2. Ant 1991. u. 72-30.M. Ikeda et al.. Color Research 8. A- I lication. Vol. 14, No. 4. Au-ust 1989. I I. 198-206.
-Cl1 Kozo OSAMURA et al.. "Preparation and optical properties of Ga1-xlan thin films“. Journal of

AI lied Ph sics. Vol. 46. No. 8. ALII ust 1975. I I. 3432-3437.

--Journalofthe Television Sooie .Vol.47.No.5. 1993. u. 753-764. '-'
CK‘I J.M. Robertson. et al.. "Colourshift of the Ce3+ Emission in Monocrystalline Epitaxielly Grown

Garnet Layers". 1981 Philips J. Res. 36, I I. 15-30
CL1 Hoffman. Journal of les.

--H. Shinoda et al.. Color Research a A. Ilication, Vol. 18. No. 5. October 1993. - . 326-333.

-CN1 G. BLASSE et al.. "Investigation of Some Ce3+—Activated Phosphors". Journal of ChemicalPh sics, Vol. 47. No. 12. 15 December 196?..001 E.F. GIBBONS et al.. "Some Factors Influencing the Luminous Decay Characteristics of
Y3Al5012:Ce3+". J. Electrochem. Soc.. Vol. 120. No. 6. June 1973.

-CP1 D.J. ROBBINS et al.. "Lattice Defects and Energy Transfer Phenomena in Y3A15012:Ce3+".I I. 1004-1013, Irinted June 19. 2001.-(301 Branko et al.. Development and applications of highbn‘ght white LED lamps. November 29,
1996, The 264th Proceedings of the Institute of Phosphor Society. pages 4~16 of the English

 

 

 

  
translation .

Examiner Date

Signature Considered

eimn. Stewart. Kolasch a. Birch. LLP ADMIETPIIaS

LOWES 1002, Page 308



TCL 1002, Page 309
LOWES 1002, Page 309

 

   
IN THE U-S. PATENT AND TRADEMARK OFFICE

Applicant(s): SHIMIZU, Yoshinori et a1

Serial No.: ' ' Group: (E : ©P ii '.
Filed: July 29, 1997 Examiner:

For: LIGHT EMITTING DEVICE AND DISPLAY

L E T T E R

Assistant Commissioner for Patents July 29, 1997
Box Patent Application _ 0020—4260P
Washington, D.C. 20231

Sir:

Under the provisions of-35 USC 119 and 37 CFR 1-55(a), the

applicant hereby claims the right of priority based on the following

application(s):

Country. Application No. Filed
JAPAN 8—198585 07/29/96
JAPAN 8-244339 09/17/96
JAPAN 8—245381 09/18/96
JAPAN 8—359004 12/27/96
JAPAN 9—081010 - 03/31/97

A certified copy of the above-noted application(s) is(are)

attached hereto.

Please charge any fees under 37 CFR 1.16 - 1.21 (h) or credit

any overpayment to Deposit Account No. 02—2448.
Respectfully submitted,

BIRCH, ETEW T, KOLASCH & BIRCH, LLP

 
Reg. No. 32,868
P. O. Box 747 .

\ttachment Falls Church, Virginia 22040-0747
703) 205—8000

LOWES 1002, Page 309



TCL 1002, Page 310
LOWES 1002, Page 310

Attorney Docket No. 0020—5147PUSS

LIGHT EMITTING DEVICE AND DISPLAY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional of US. Application No. 121028062 filed

February 8, 2008, which is a divisional of U.S. Application No. 10l609,402 filed July 1,

2003, now US. Patent 7,362,048, which is a divisional of US. Application No.

09145 8,024, filed December 10, 1999, now US. Patent 6,614,179, which is a divisional of

US. Application No. 09,800,315, filed on April 28, 1999, now US. Patent 6,069,440,

which is a divisional of U.S. Application No. 08/902,725, filed on July 29, 199?, now US.

Patent 5,998,925, which also claims priority on Japanese Patent Application Nos. P 08-

198585 filed July 29, 1996; P 08214339 filed September 17, 1996; P 08-245381 filed

September 18, 1996; P 08-359004 filed December 27, 1996; and P 09-081010 filed March

31, 1997. The entire contents of each of these applications is hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0002] The present invention relates to a light emitting diode used in LED display,

back light source, traffic signal, trailway signal, illuminating switch, indicator, etc. More

particularly, it relates to a light emitting device (LED) comprising a phosphor, which

converts the wavelength of light emitted by a light emitting component and emits light,

and a display device using the light emitting device.

Description of Related Art

[0003] A light emitting diode is compact and emits light of clear color with high

efficiency. It is also free from such a trouble as bum-out and has good initial drive

characteristic, high vibration reSistance and durability to endure repetitive ONIOFF

operations, because it is a semiconductor element. Thus it has been used widely in such
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applications as various indicators and various light sources. Recently light emitting diodes

for RGB (red, green and blue) colors having ultra-high luminance and high efficiency

have been developed, and large screen LED displays using these light emitting diodes

have been put into use. The LED display can be operated with less power and has such

good characteristics as light weight and long life, and is therefore expected to be more

widely used in the future.

[0004] Recently, various attempts have been made to make white light sources by

using light emitting diodes. Because the light emitting diode has a favorable emission

spectrum to generate monochromatic light, making a light source for white light requires it

to arrange three light emitting components of R, G and B closely to each other while

diffusing and mixing the light emitted by them. When generating white light with such an

arrangement, there has been such a problem that white light of the desired tone cannot be

generated due to variations in the tone, luminance and other factors of the light emitting

component. Also when the light emitting components are made of different materials,

electric poWer required for driving differs from one light emitting diode to another,

making it necessary to apply different voltages different light emitting components, which

leads to complex driVe circuit. Moreover, because the light emitting components are

semiconductor light emitting components, color tone is subject to variation due to the

difference in temperature characteristics, chronological changes and operating

environment, or unevenness in color may be caused due to failure in uniformly mixing the

light emitted by the light emitting components. Thus light emitting diodes are effective as

light emitting devices for generating individual colors, although a satisfactory light source

capable of emitting white light by using light emitting components has not been obtained

so far.

[0005] In order to solve these problems, the present applicant previously

developed light emitting diodes which convert the color of light, which is emitted by light

emitting components, by means of a fluorescent material disclosed in Japanese Patent
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Kokai Nos. 5—152609, 7-99345, 7-176'F94 and 3-T614. The light emitting diodes disclosed

in these publications are such that, by using light emitting components of one kind, are

capable of generating light of white and other colors, and are constituted as follows.

[0006] The light emitting diode disclosed in the above gazettes are made by

mounting a light emitting component, having a large energy band gap of light emitting

layer, in a cup provided at the tip of a lead frame, and having a fluorescent material that

absorbs light emitted by the light emitting component and emits light of a wavelength

different from that of the absorbed light (wavelength conversion), contained in a resin

mold which covers the light emitting component.

[0007] The light emitting diode disclosed as described abOVe capable of emitting

white light by mixing the light of a plurality of sources can be made by using a light

emitting component capable of emitting blue light and molding the light emitting

component with a resin including a fluorescent material that absorbs the light emitted by

the blue light emitting diode and emits yellowish light.

[0008] However, conventional light emitting diodes have such problems as

deterioration of the fluorescent material leading to color tone deviation and darkening of

the fluorescent material resulting in lowered efficiency of extracting light. Darkcning here

refers to, in the case of using an inorganic fluorescent material such as (Cd, Zn]S

fluorescent material, for example, part of metal elements constituting the fluorescent

material precipitate or change their properties leading to coloration, or, in the case of using

an organic fluorescent material, coloration due to breakage of double bond in the molecule.

Especially when a light emitting component made of a semiconductor having a high

energy band gap is used to improve the conversion efficiency of the fluorescent material

(that is, energy of light emitted by the semiconductor is increased and number of photons

having energies above a threshold which can be absorbed by the fluorescent material

increases, resulting in more light being absorbed), or the quantity of fluorescent material

consumption is decreased (that is, the fluorescent material is irradiated with relatively
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higher energy), light energy absorbed by the fluorescent material inevitably increases

resulting in more significant degradation of the fluorescent material. Use of the light

emitting component with higher intensity of light emission for an extended period of time

causes further more significant degradation of the fluorescent material.

[0009] Also the fluorescent material provided in the vicinity of the light emitting

component may be exposed to a high temperature such as rising temperature of the light

emitting component and heat transmitted from the external environment (for example,

sunlight in case the device is used outdoors).

[0010] Further, some fluorescent materials are subject to accelerated deterioration

due to combination of moisture entered from the outside or introduced during the

production process, the light and heat transmitted from the light emitting component.

[0011] When it comes to an organic dye of ionic property, direct current electric

field in the vicinity of the chip may cause electrophoresis, resulting in a change in the

color tone.

SUMMARY OF THE INVENTION

[0012] Thus, an object of the present invention is to solve the problems described

above and provide a light emitting device which experiences only extremely low degrees

of deterioration in emission light intensity, light emission efficiency and color shift over a

long time of use with high luminance.

[0013] The present applicant completed the present invention through researches

based on the assumption that a light emitting device having a light emitting component

and a fluorescent material must meet the following requirements to achieve the above-

mentioned object.

[0014] The light emitting component must be capable of emitting light of high

luminance with light emitting characteristic which is stable over a long time of use.
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[0015] The fluorescent material being provided in the vicinity of the high-

luminance light emitting component, must show excellent resistance against light and

heat so that the properties thereof do not change even when used over an extended period

of time while being exposed to light of high intensity emitted by the light emitting

component (particularly the fluorescent material provided in the vicinity of the light

emitting component is exposed to light of a radiation intensity as high as about 30 to 40

times that of sunlight according to our estimate, and is required to have more durability

against light as light emitting component of higher luminance is used).

[0016] With regard to the relationship with the light emitting component, the

fluorescent material must be capable of absorbing with high efficiency the light of high

monochromaticity emitted by the light emitting component and emitting light of a

wavelength different from that of the light emitted by the light emitting component.

[0017] Thus the present invention provides a light emitting device, comprising a

light emitting component and a phosphor capable of absorbing a part of light emitted by

the light emitting component and emitting light of wavelength different from that of the

absorbed light;

[0018] wherein said light emitting component comprises a nitride compound

semiconductor represented by the formula: IniGajAlkN where Osi, Osj, Usk and i+j+k=l)

and said phosphor contains a garnet fluorescent material comprising at least one element

selected from the group consisting of Y, Lu, Sc, La, Gd and Sm, and at least one element

selected from the group consisting of Al, Ga and In, and being activated with cerium.

[0019] The nitride compound semiconductor (generally represented by chemical

formula IniGajAlkN where Osi, OSj, Osk and i+j +k=1) mentioned above contains various

materials including InGaN and GaN doped with various impurities.

[0020] The phosphor mentioned above contains Various materials defined as

described above, including YgAlsolnge and Gd3h15012:Ce.

LOWES 1002, Page 314



TCL 1002, Page 315
LOWES 1002, Page 315

Attorney Docket No. 0020-5147PU SS

-6~

[0021] Because the light emitting device of the present invention uses the light

emitting component made of a nitride compound semiconductor capable of emitting light

with high luminance, the light emitting device is capable of emitting light with high

luminance. Also the phosphor used in the light emitting device has excellent resistance

against light so that the fluorescent properties thereof experience less change even when

used over an extended period of time while being exposed to light of high intensity. This

makes it possible to reduce the degradation of characteristics during long period of use

and reduce deterioration due to light of high intensity emitted by the light emitting

component as well as extraneous light (sunlight including ultraviolet light, etc.) during

outdoor use, thereby to provide a light emitting device which experiences extremely less

color shift and less luminance decrease. The light emitting device of the present

invention can also be used in such applications that require response speeds as high as

120 nsec., for example, because the phosphor used therein allows after glow only for a

short period of time.

[0022] The phosphor used in the light emitting diode of the present invention

preferably contains an yttrium-aluminum-garnet fluorescent material that contains Y and

A], which enables it to increase the luminance of the light emitting device.

[0023] In the light emitting device of the present invention, the phosphor may be

a fluorescent material represented by a general formula (Rel.rSmr)3(A11_sGas)50u:Ce,

where 03K] and OSSSI and Re is at least one selected from Y and Gd, in which case

good characteristics can be obtained similarly to the case where the yttrium—aluminum-

garnet fluorescent material is used.

[0024] Also in the light emitting device of the present invention1 it is preferable,

for the purpose of reducing the temperature dependence of light emission characteristics

(wavelength of emitted light, intensity of light emission, etc.), to use a fluorescent

material represented by a general formula (Y].p.q.,deCequr]3(Al”(3395012 as the

phosphor, where OEpSOB, 0.0033q302, 0000356008 and 03331.
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[0025] Also in the light emitting device of the present invention, the phosphor

may contain two or more yttrium~aluminum-garnet fluorescent materials, activated with

cerium, of different compositions including Y and Al. With this configuration, light of

desired color can be emitted by controlling the emission spectrum of the phosphor

according to the property (wavelength of emitted light) of the light emitting component.

[0026] Further in the light emitting device of the present invention, in order to

have light of a Specified wavelength emitted by the light emitting device, it is preferable

that the phosphor contains two or more fluorescent materials of different compositions

represented by general formula (Re]-rSm{)3(A11_ Ga3)5012:Ce, where OSr<1 and 05551 and

Re is at least one selected from Y and Gd.

[0027] Also in the light emitting device of the present invention, in order to

control the wavelength of emitted light, the phosphor may contain a first fluorescent

material represented by general formula Y3(A11.3Ga5)5012:Ce and a second fluorescent

material represented by general formula Re3A15012:Ce, where OSssl and Re is at least

one selected from Y, Gd and La.

[0028] Also in the light emitting device of the present invention, in order to

control the wavelength of emitted light, the phosphor may be an yttrium-alummum—

garnet fluorescent material containing a first fluorescent material and a second

fluorescent material, with different parts of each yttrium being substituted with

gadolinium.

[0029] Further in the light emitting device of the present invention, it is preferable

that main emission peak of the light emitting component is set within the range from 400

nm to 530 nm and main emission wavelength of the phOSphOI‘ is set to be longer than the

main emission peak of the light emitting component. This makes it possible to efficiently

emit white light.

[0030] Further in the light emitting device of the present invention, it is preferable

that the light emitting layer of the light emitting component contains a gallium nitride
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semiconductor which contains In, and the phosphor is an yttrium-aluminum-garnet

fluorescent material wherein a part of Al in the yttrium-aluminum-garnet fluorescent is

substituted by Ga so that the proportion of Ga:Al is within the range from 1:1 to 4:6 and a

part of Y in the yttrium—aluminum-garnet fluorescent is substituted by Gd so that the

proportion of Y:Gd is within the range from 4:1 to 2:3. Absorption spectrum of the

phosphor which is controlled as described above shows good agreement with that of light

emitted by the light emitting component which centains gallium nitride semiconductor

including In as the light emitting layer, and is capable of improving the conversion

efficiency (light emission efficiency). Also the light, generated by mixing blue light

emitted by the light emitting component and fluorescent light of the fluorescent material,

is a white light of good color rendering and, in this regard, an excellent light emitting

device can be provided.

[0031] The light emitting device according to one embodiment of the present

invention comprises a substantially rectangular optical guide plate provided with the light

emitting component mounted on one side face thereof via the phosphor and surfaces of

which except for one principal surface are substantially covered with a reflective material,

wherein a light emitted by the light emitting component is turned into a planar light by

the phosphor and the optical guide plate and to be an output from the principal surface of

the optical guide plate.

[0032] The light emitting device according to another embodiment of the present

invention has a substantially rectangular optical guide plate, which is provided with the

light emitting component mounted on one side face thereof and the phosphor installed on

one principal surface with surfaces thereof and except for the principal surface being

substantially covered with a reflective material, wherein a light emitted by the light

emitting component is turned into a planar light by the optical guide plate and the

phosphor, to be an output from the principal surface of the optical guide plate.
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[0033] The LED display device according to the present invention has an LED

display device comprising the light emitting devices of the present invention arranged in

a matrix and a drive circuit which drives the LED display device according to display

data which is input thereto. This configuration makes it possible to provide a relatively

low-priced LED display device which is capable of high-definition display with less color

unevenness due to the viewing angle.

[0034] The light emitting diode according to one embodiment of the present

invention comprises:

[0035] a mount lead having a cup and a lead;

[0036] an LED chip mounted in the cup of the mount lead with one of electrodes

being electrically connected to the mount lead;

[0037] a transparent coating material filling the cup to cover the LED chip; and

[0038] a light emitting diode having a molding material which covers the LED

chip covered with the coating material including the cup of the mount lead, the inner lead

and another electrode of the LED chip, wherein

[0039] the LED chip is a nitride compound semiconductor and the coating

material contains at least one element selected from the group consisting of Y, Lu, Sc, La,

Gd and Sm, at least one element selected from the group consisting of Al, Ga and In and

a phosphor made of garnet fluorescent material activated with cerium.

[0040] The phosphor used in the light emitting diode of the present invention

preferably contains an yttrium-aluminum-garnet fluorescent material that contains Y and

A1.

[0041] In the light emitting diode of the present invention, the phosphor may be a

fluorescent material represented by a general formula (Re1_ISrn,)3(Al|_sGas)501g:Ce,

where 0£r<1 and 03831 and Re is at least one selected from Y and Gd.
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[0042] Also in the light emitting diode of the present invention, a fluorescent

material represented by a general formula (Y1_M.,deCequf)3(AlHGaskou may be used

as the phOSphor, where USpSOB, 0.0033q502, 0000395008 and 03531.

[0043] In the light emitting diode of the present invention, the phosphor

preferably contain two or more yttrium-aluminum-gamet fluorescent materials, activated

with cerium, of different compositions including Y and Al, in order to control the emitted

light to a desired wavelength.

[0044] In the light emitting diode of the present inventiOn, similarly, two or more

fluorescent materials of different compositions represented by a general formula (Rel.

rSrnr)3,(A11_,,Ga5)5012:Ce, where 05r<1 and US$31 and Re is at least one selected from Y

and Gd may be used as the phosphor in order to control the emitted light to a desired

wavelength.

[0045] In the light emitting diode of the present invention, similarly, a first

fluorescent material represented by a general formula Y3(Al;.5Ga5)5012:Ce and a second

fluorescent material represented by a general formula Re3Al5Olg:Ce, may be used as the

phoSphor where OSsSl and Re is at least one selected from Y, Gd and La, in order to

control the emitted light to a desired wavelength.

[0046] In the light emitting diode of the present invention, similarly, yttrium—

aluminum—garnet fluorescent material a first fluorescent material and a second fluorescent

material may be used wherein a part of yttrium in the first and second fluorescent

materials is substituted with gadolinium to different degrees of substitution as the

phosphor, in order to control the emitted light to a desired wavelength.

[0047] Generally, a fluorescent material which absorbs light of a short

wavelength and emits light of a long wavelength has higher efficiency than a fluorescent

material which absorbs light of a long wavelength and emits light of a short wavelength.

It is preferable to use a light emitting component which emits visible light than a light

emitting component which emits ultraviolet light that degrades resin (molding material,
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coating material, etc.). Thus for the light emitting diode of the present invention, for the

purpose of improving the light emitting efficiency and ensure long life, it is preferable

that main emission peak of the light emitting component be set within a relatively short

wavelength range of 400 Inn to 530 nm in the visible light region, and main emission

wavelength of the phosphor be set to be longer than the main emission peak of the light

emitting component. With this arrangement, because light converted by the fluorescent

material has longer wavelength than that of light emitted by the light emitting component,

it will not be absorbed by the light emitting component even when the light emitting

component is irradiated with light which has been reflected and converted by the

fluorescent material (since the energy of the converted light is less than the band gap

energy). Thus the light which has been reflected by the fluorescent material or the like is

reflected by the cup wherein the light emitting component is mounted, making higher

efficiency of emission possible.

BRIEF DESCRJPTION OF THE DRAWINGS

[0048] Fig. l is a schematic sectional view of a lead type light emitting diode

according to the embodiment of the present invention.

[0049] Fig. 2 is a schematic sectional view of a tip type light emitting diode

according to the embodiment of the present invention.

[0050] Fig. 3A is a graph showing the excitation spectrum of the garnet

fluorescent material activated by cerium used in the first embodiment of the present

invention.

[0051] Fig. 3B is a graph showing the emission spectrum of the garnet fluorescent

material activated by cerium used in the first embodiment of the present invention.

[0052] Fig. 4 is a graph showing the emission spectrum of the light emitting diode

of the first embodiment of the present invention.
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[0053] Fig. 5A is a graph showing the excitation spectrum of the yttrium-

aluminum-garnet fluorescent material activated by cerium used in the second

embodiment of the present invention.

[0054] Fig. 5B is a graph showing the emission spectrum of the yttrium—

aluminum-gamet fluorescent material activated by cerium used in the second

embodiment of the present invention.

[0055] Fig. 6 shows the chromatieity diagram of light emitted by the light

emitting diode of the second embodiment, while

[0056] points A and B indicate the colors of light emitted by the light emitting

component and points C and D indicate the colors of light emitted by two kinds of

phosphors.

[0057] Fig. 7 is a schematic sectional view of the planar light source according to

another embodiment of the present invention.

[0058] Fig. 8 is a schematic sectional view of another planar light source different

from that of Fig. 7.

[0059] Fig. 9 is a schematic sectional view of another planar light source different

from those of Fig. 7 and Fig. 8.

[0060] Fig. 10 is a block diagram of a display device which is an application of

the present invention.

[0061] Fig. 11 is a plan view of the LED display device of the display device of

Fig. 10.

[0062] Fig. 12 is a plan view of the LED display device wherein one pixel is

constituted from four light emitting diodes including the light emitting diode of the

present invention and those emitting RGB colors.

[0063] Fig. 13A shows the results of durable life test of the light emitting diodes

of Example 1 and Comparative Example 1, showing the results at 25°C and Fig. 13B
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shows the results of durable life test of the light emitting diodes of Example 1 and

Comparative Example 1, showing the results at 60°C and 90%RH.

[0064] Fig. 14A shows the results of weatherability test of Example 9 and

Comparative Example 2 showing the change of luminance retaining ratio with time and

Fig. 14B shows the results of weatherability test of Example 9 and Comparative Example

2 showing the color tone before and after the test.

[0065] Fig. 15A shows the results of reliability test of Example 9 and

Comparative Example 2 showing the relationship between the luminance retaining ratio

and time, and Fig. 15B is a graph showing the relationship between color tone and time.

[0066] Fig. 16 is a chromaticity diagram showing the range of color tone which

can be obtained with a light emitting diode which combines the fluorescent materials

shown in Table 1 and blue LED having peak wavelength at 465 run.

[0067] Fig. 17 is a chromaticity diagram showing the change in color tone when

the coacentration of fluorescent material is changed in the light emitting diode which

combines the fluorescent materials shown in Table 1 and blue LED having peak

wavelength at 465 mn.

[0068] Fig. 18A shows the emission spectrum of the phosphor

(Y0_5Gdo_4)3A15012:Ce of Example 18A.

[0069] Fig. 18B shows the emission spectrum of the light emitting component of

Example 18B having the emission peak wavelength of 460nm.

[0070] Fig. 180 shows the emission spectrum of the light emitting diode of

Example 2.

[0071] Fig. 19A shows the emission spectrum of the phosphor

(Yo_2Gdo_g)3A15012:Ce of Example 5.

[0072] Fig. 19B shows the emission spectrum of the light emitting component of

Example 5 having the emission peak wavelength of 450nm.
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[0073] Fig. 19C shows the emission spectrum of the light emitting diode of

Example 5.

[0074] Fig. 20A shows the emission spectrum of the phosphor Y3Al5012:Ce of

Example 6.

[0075} Fig. 20B shows the emission spectrum of the light emitting component of

Example 6 having the emission peak wavelength of 450nm.

[0076] Fig. 20C shows the emission spectrum of the light emitting diode of

Example 6.

[0077] Fig. 21A shows the emission spectrum of the phosphor

Y3(Alu_5Gao‘5)5012:Cc of the seventh embodiment of the present invention

[0078] Fig. 21B shows the emission spectrum of the light emitting component of

Example 7 having the emission peak wavelength of 450nm.

[0079] Fig. 21C shows the emission spectrum of the light emitting diode of

Example 7.

[0080] Fig. 22A shows the emission spectrum of the phosphor

(Yo_ngQ2)3A150]2ICB of Example 1 l.

[0081] Fig. 223 shows the emission spectrum of the phosphor

(Yo‘quo‘ahAlsOufle of Example 11.

[0082] Fig. 22C shows the emission spectrum of the light emitting component of

Example 11 having the emission peak wavelength of 470nm.

[0083] Fig. 23 shows the emission spectrum of the light emitting diode of

Example 1 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0084] Now referring to the attached drawings, preferred embodiments of the

present invention will be described below.
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[0085] A light emitting diode 100 of Fig. l is a lead type light emitting diode

having a mount lead 105 and an inner lead 106, wherein a light emitting component 102

is installed on a cup 105a of the mount lead 105, and the cup 105a is filled with a coating

resin 101 which contains a specified phosphor to cover the light emitting component 102

and is molded in resin. An 11 electrode and a p electrode of the light emitting component

102 are connected to the mount lead 105 and the inner lead 106, respectively, by means

of wires 103.

[0086} In the light emitting diode constituted as described above, part of light

emitted by the light emitting component (LED chip) 102 (hereinafter referred to as LED

light) excites the phosphor contained in the coating resin 101 to generate fluorescent light

having a wavelength different from that of LED light, so that the fluorescent light emitted

by the phOSphor and LED light which is output without contributing to the excitation of

the phosphor are mixed and output. As a result, the light emitting diode 100 also outputs

light having a wavelength different from that of LED light emitted by the light emitting

component 102.

[0087] Fig. 2 shows a chip type light emitting diode, wherein light emitting diode

(LED chip) 202 is installed in a recess of a casing 204 which is filled with a coating

material which contains a specified phosphor to form a coating 201. The light emitting

component 202 is fixed by using an epoxy resin or the like which contains Ag, for

example, and an n electrode and a p electrode of the light emitting component 202 are

connected to metal terminals 205 installed on the casing 204 by means of conductive

wires 203. In the chip type light emitting diode constituted as described above, similarly

to the lead type light emitting diode of Fig. 1, fluorescent light emitted by the phosphor

and LED light which is transmitted without being absorbed by the phosphor are mixed

and output, so that the light emitting diode 200 also outputs light having a wavelength

different from that of LED light emitted by the light emitting component 202.
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[0088] The light emitting diode containing the phosphor as described above has

the following features.

[0089] Light emitted by a light emitting component (LED) is usually emitted

through an electrode which supplies electric power to the light emitting component.

Emitted light is partly blocked by the electrode formed on the light emitting component

resulting in a particular emission pattern, and is therefore not emitted uniformly in every

direction. The light emitting diode which contains the fluorescent material, however, can

emit light uniformly over a wide range without forming undesirable emission pattern

because the light is emitted after being diffused by the fluorescent material.

[0090] Although light emitted by the light emitting component (LED) has a

monochromatic peak, the peak is broad and has high color rendering property. This

characteristic makes an indispensable advantage for an application which requires

wavelengths of a relatively wide range. Light source for an optical image scanner, for

example, is desirable to have a wider emission peak.

[0091] The light emitting diodes of the first and sccond embodiments to be

described below have the configuration shown in Fig. l or Fig. 2 wherein a light emitting

component which uses nitride compound semiconductor having relatively high energy in

the visible region and a particular phosphor are combined, and have such favorable

properties as capability to emit light of high luminance and less degradation of light

emission efficiency and less color shift over an extended period of use.

[0092] In general, a fluorescent material which absorbs light of a short

wavelength and emits light of a long wavelength has higher efficiency than a fluorescent

material which absorbs light of a long wavelength and emits light of a short wavelength,

and therefore it is preferable to use a nitride compound semiconductor light emitting

component which is capable of emitting blue light of short wavelength. It needs not to

say that the use of a light emitting component having high luminance is preferable.
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[0093] A phosphor to be used in combination with the nitride compound

semiconductor light emitting component must have the following requirements:

[0094] Excellent resistance against light to endure light of a high intensity for a

long period of time, because the fluorescent material is installed in the vicinity of the

light emitting components 102, 202 and is exposed to light of intensity as high as about

30 to 40 times that of sun light.

[0095] Capability to efficiently emit light in blue region for the excitation by

means of the light emitting components 102, 202. When mixing of colors is used, should

be capable of emitting blue light, not ultraviolet ray, with a high efficiency.

[0096] capability to emit light from green to red regions for the purpose of mixing

with blue light to generate white light.

[0097] Good temperature characteristic suitable for location in the vicinity of the

light emitting components 102, 202 and the resultant influence of temperature difference

due to heat generated by the chip when lighting.

[0098] Capability to continuously change the color tone in terms of the proportion

of composition or ratio of mixing a plurality of fluorescent materials.

[0099] Weatherability for the operating environment of the light emitting diode.

mm

[0100] The light emitting diode of the first embodiment of the present invention

employs a gallium nitride compound semiconductor element which has high-energy band

gap in the light emitting layer and is capable of emitting blue light, and a garnet phosphor

activated with cerium in combination. With this configuration, the light emitting diode of

the first embodiment can emit white light by blending blue light emitted by the light

emitting components 102, 202 and yellow light emitted by the phosphor excited by the

blue light.
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[0101] Because the garnet phosphor activated with cerium which is used in the

light emitting diode of the first embodiment has light resistance and weatherability, it can

emit light with extremely small degrees of color shift and decrease in the luminance of

emitted light even when irradiated by very intense light emitted by the light emitting

components 102, 202 located in the vicinity over a long period of time.

[0102] Components of the light emitting diode of the first embodiment will be

described in detail below.

[Phosphor]

[0103] The phosphor used in the light emitting diode of the first embodiment is a

phosphor which, when excited by visible Iight or ultraviolet ray emitted by the

semiconductor light emitting layer, emits light of a wavelength different from that of the

exciting light. The phosphor is specifically garnet fluorescent material activated with

cerium which contains at least one element selected from Y, Lu, Sc, La, Gd and Sm and

at least one element selected from A], Ga and in. According to the present invention, the

fluorescent material is preferably yttrium-aluminum-gamet fluorescent material (YAG

phosphor) activated with cerium, or a fluorescent material represented by general formula

(Re1.rSm,)3{Al].sGas)5011:Ce, where 05r<l and 05551, and Re is at least one selected

from Y and Gd. In case the LED light emitted by the light emitting component

employing the gallium nitride compound semiconductor and the fluorescent light emitted

by the phosphor having yellow body color are in the relation of complementary colors,

white color can be output by blending the LED light and the fluorescent light.

[0104] In the first embodiment, because the phosphor is used by blending with a

resin which makes the coating resin 101 and the coating material 201 (detailed later),

color tone of the light emitting diode can be adjusted including white and incandescent

lamp color by controlling the mixing proportion with the resin or the quantity used in
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filling the cup 105 or the recess of the casing 204 in accordance to the wavelength of

light emitted by the gallium nitride light emitting component.

[0105] Distribution of the phosphor concentration has influence also on the color

blending and durability. That is, when the concentration of phosphor increases from the

surface of the coating or molding where the phosphor is contained toward the light

emitting component, it becomes less likely to be affected by extraneous moisture thereby

making it easier to suppress the deterioration due to moisture. On the other hand, when

the concentration of phosphor increases from the light emitting component toward the

surface of the molding, it becomes more likely to be affected by extraneous moisture, but

less likely to be affected by the heat and radiation from the light emitting component,

thus making it possible to suppress the deterioration of the phosphor. Such distributions

of the phosphor concentration can be achieved by selecting or controlling the material

which contains the phosphor, forming temperature and viscosity, and the configuration

and particle size distribution of the phosphor.

[0106] By using the phosphor of the first embodiment, light emitting diode

having excellent emission characteristics can be made, because the fluorescent material

has enough light resistance for high-efficient operation even when arranged adjacent to or

in the vicinity of the light emitting components 102, 202 with radiation intensity

[0107] (Be) within the range from 3 Were-2 to 10 Worn-2.

[0108] The phosphor used in the first embodiment is, because of garnet structure,

resistant to heat, light and moisture, and is therefore capable of absorbing excitatioa light

having a peak at a wavelength near 450 nm as shown in Fig. 3A. It also emits light of

broad spectrum having a peak near 580 nm tailing out to 700 nm as shown in Fig. 3B.

Moreover, efficiency of excited light emission in a region of wavelengths 460 nm and

higher can be increased by including Gd in the crystal of the phosphor of the first

embodiment. When the Gd content is increased, emission peak wavelength is shifted

toward longer wavelength and the entire emission spectrum is shifted toward longer

LOWES 1002, Page 328



TCL 1002, Page 329
LOWES 1002, Page 329

Attorney Docket No. 0020-5147PUSS

-20-

wavelengths. This means that, when emission of more reddish light is required, it can be

achieved by increasing the degree of substitution with Gd. When the Gd content is

increased, luminance of light emitted by photoluruinescence under blue light tends to

decrease.

[0109] Especially when part of Al is substituted with Ga among the composition

of YAG fluorescent material having garnet structure, wavelength of emitted light shifts

toward shorter wavelength and, when part of Y is substituted with Gd, wavelength of

emitted light shifts toward longer wavelength.

[0110] Table 1 shows the composition and light emitting characteristics of YAG

fluorescent material represented by general formula (Yl-aGda)3(Al] -bGab)5012:Ce.
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[0111] Values shown in Table 1 were measured by exciting the fluorescent

material with blue light of 460nm. Luminance and efficiency in Table 1 are given in

values relative to those ofmaterial No. 1 which are set to 100.

[0112] When substituting A1 with Ga, the proportion is preferably Within the

range from Ga: Al=l :1 to 4:6 in consideration of the emission efficiency and cmission

wavelength. Similarly, when substituting Y with Gd, the proportion is preferably within

the range from Y: Gd=9:1 to 1:9, and more preferably from 4:1 to 2:3. It is because a

degree of substitution with Gd below 20% results in a color of greater green component

and less red component, and a degree of substitution with Gd above 60% results in

increased red component but rapid decrease in luminance. When the ratio YzGd of Y and

Gd in the YAG fluorescent material is set within the range from 4:] to 2:3, in particular, a

light emitting diode capable of emitting white light substantially along the black body

radiation locus can be made by using one kind of yttrium-aluminum-garnet fluorescent

material, depending on the emission wavelength of the light emitting component. When

the ratio YzGd of Y and Gd in the YAG fluorescent material is set within the range from

2:3 to 1:4, a light emitting diode capable of emitting light of incandeSCent lamp can be

made though the luminance is low. When the content (degree of substitution) of Ce is set

within the range from 0.003 to 0.2, the relative luminous intensity of light emitting diode

of not less than 20% can be achieved. When the content is less than 0.003, luminous

intensity decreases because the number of excited emission centers of photoluminescence

due to Ce decreases and, when the content is greater than 0.2, density quenching occurs.

[0113] Thus the wavelength of the emitted light can be shifted to a shorter

wavelength by substituting part of A1 of the composition with Ga, and the wavelength of

the emitted light can be shifted to a longer wavelength by substituting part of Y of the

composition with Gd. In this way, the light color of emission can be changed

continuously by changing the composition. Also the fluorescent material is hardly

excited by Hg emission lines which have such wavelengths as 254 nm and 365 nm, but is
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excited with higher efficiency by LED light emitted by a blue light emitting component

having a wavelength around 450 nm. Thus the fluorescent material has ideal

characteristics for converting blue light of nitride semiconductor light emitting

component into White light, such as the capability of continuously changing the peak

wavelength by changing the proportion of Gd.

[0114] According to the first embodiment, the efficiency of light emission of the

light emitting diode can be further improved by combining the light emitting component

employing gallium nitride semiconductor and the phosphor made by adding rare earth

element samarium (Sm) to yttrium-aluminum-gamet fluorescent materials (YAG)

activated with cerium. _

[0115] Material for making such a phosphor is made by using oxides of Y, Gd,

Ce, Sin, A1 and Ga or compounds which can be easily converted into these oxides at high

temperature, and sufficiently mixing these materials in stoichiometrical proportions. This

mixture is mixed with an appropriate quantity of a fluoride such as ammonium fluoride

used as a flux, and fired in a crucible at a temperature from 1350 to 1450°C in air for 2 to

5 hours. Then the fired material is ground by a ball mill in water, washed, separated,

dried and sieved thereby to obtain the desired material.

[0116] In the producing process described above, the mixture material may also

be made by dissolving rare earth elements Y, Gd, Ce and Sm in stoichiometrical

proportions in an acid, coprecipitating the solution with oxalic acid and firing the

coprecipitate to obtain an oxide of the coprecipitate, and then mixing it with aluminum

oxide and gallium oxide.

[0117] The phosphor represented by the general formula (Yl-p-q-

erpCequr)3A15012 can emit light of wavelengths 460nm and longer with higher

efficiency upon excitation, because Gd is contained in the crystal- When the content of

gadolinium is increased, peak wavelength of emission shifts from 530nm to a longer

wavelength up to 570nm, while the entire emission spectrum also shifts to longer
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wavelengths. When light of stronger red shade is needed, it can be achieved by

increasing the amount of Gd added for substitution. When the content of Gd is increased,

luminance ofphotoluminescenee with blue light gradually decreases. Therefore, value of

p is preferably 0.8 or lower, or more preferably 0.7 or lower. Further more preferably it

is 0.6 or lower.

[0118] The phosphor represented by the general formula (Y1-p~q—

erpCequr)3AlSOlZ including Sm can be made subject to less dependence on

temperature regardless of the increased content of Gd. That is, the phosphor,.when Sm is

contained, has greatly improved emission luminance at higher temperatures. Extent of

the improvement increases as the Gd content is increased. Temperature characteristic can

be greatly improved particularly by the addition of Sm in the case of fluorescent material

of such a composition as red shade is strengthened by increasing the content of Gd,

because it has poor temperature characteristics. The temperature characteristic

mentioned here is measured in terms of the ratio (%) of emission luminance of the

fluorescent material at a high temperature (200°C) relative to the emission luminance of

exciting blue light having a wavelength of450nm at the normal temperature (25°C).

[0119] The proportion of Sm is preferably within the range of 0000355008 to

give temperature characteristic of 60% or higher. The value of r below this range leads to

less effect of improving the temperature characteristic. When the value of r is above this

range, on the contrary, the temperature characteristic deteriorates. The range of

0000733002 for the propeltion of Sm where temperature characteristic becomes 80%

or higher is more desirable.

[0120] The proportion q of Ce is preferably in a range of 0.003éq302, which

makes relative emission luminance of 70% or higher possible. The relative emission

luminance refers to the emission luminance in terms of percentage to the emission

luminance ofa fluorescent material where (1:003.
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[0121] When the proportion q of Ce is 0.003 or lower, luminance decreases

because the number of excited emission centers of photoluminescence due to Ce

decreases and, when the q is greater than 0.2, density quenching occurs. Density

quenching refers to the decrease in emission intensity which occurs when the

concentration of an activation agent added to increase the luminance of the fluorescent

material is increased beyond an optimum level.

[0122] For the light emitting diode of the present invention, a mixture of two or

more kinds of phosphors having compositions of (Y1-p-q-erpCequr)3A15012 having

different contents of Al, Ga, Y and Gs or Sm may also be used. This increases the RGB

components and enables the application, for example, for a full-color liquid crystal

display device by using a color filter.

tLigLit emitting components 102, 2021

[0123] The light emitting component is preferably embedded in a molding

material as shOWn in Fig. 1 and Fig. 2. The light emitting component used in the light

emitting diode of the present invention is a gallium nitride compound semiconductor

capable of efficiently exciting the garnet fluorescent materials activated with cerium.

The light emitting components 102, 202 employing gallium nitride compound

semiconductor are made by forming a light emitting layer of gallium nitride

semiconductor such as InGaN on a substrate in the MOCVD process. The structure of

the light emitting component may be homostructure, heterostructure or double-

heterostructure which have MIS junction, PIN junction or PN junction. Various

wavelengths of emission can be selected depending on the material of the semiconductor

layer and the crystallinity thereof. It may also be made in a single quantum well structure

or multiple quantum well structure where a semiconductor activation layer is formed as

thin as quantum effect can occur. According to the present invention, a light emitting

diode capable of emitting with higher luminance without deterioration of the phosphor
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can be made by making the activation layer of the light emitting component in single

quantum well structure of InGaN.

[0124] When a gallium nitride compound semiconductor is used, while sapphire,

spinnel, SiC, Si, ZnO or the like may be used as the semiconductor substrate, use of

sapphire substrate is preferable in order to form gallium nitride of good crystallinity. A

gallium nitride semiconductor layer is formed on the sapphire substrate to form a PN

junction via a buffer layer of GaN, AlN, etc. The gallium nitride semiconductor has N

type conductivity under the condition of not doped with any impurity, although in order

to form an N type gallium nitride semiconductor having desired properties (carrier

concentration, etc.) such as improved light emission efficiency, it is preferably doped

with N type dopant such as Si, Ge, Se, Te, and C. in order to form a P type gallium

nitride semiconductor, on the other hand, it is preferably doped with P type dopant such

as Zn, Mg, Be, Ca, Sr and Ba. Because it is difficult to turn a gallium nitride compound

semiconductor to P type simply by doping 3 P type dopant, it is preferable to treat the

gallium nitride compound semiconductor doped with P type dopartt in such process as

heating in a furnace, irradiation with low-Speed electron beam and plasma irradiation,

thereby to turn it to P type. After exposing the surfaces of P type and N type gallium

nitride semiconductors by the etching or other process, electrodes of the desired shapes

are formed on the semiconductor layers by sputtering or vapor dcposition.

[fl125] Then the semiconductor wafer which has been formed is cut into pieces by

means of a dicing saw, or separated by an external force after cutting grooves (half-cut)

which have width greater than the blade edge width. Or otherwise, the wafer is cut into

chips by scribing grid pattern of extremely fine lines on the semiconductor wafer by

means of a scriber having a diamond stylus which makes straight reciprocal m0vement.

Thus the light emitting component of gallium nitride compound semiconductor can be

made.
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[0126] In order to emit white light with the light emitting diode of the first

embodiment, wavelength of light emitted by the light emitting component is preferably

from 400mm to 530mn inclusive in consideration of the complementary color relationship

with the phosphor and deterioration of resin, and more preferably from 420nm to 490nm

inclusive. it is further more preferable that the wavelength be from 450nm to 475mm, in

order to improve the emission efficiency of the light emitting component and the

phosphor. Emission spectrum of the white light emitting diode of the first embodiment is

shown in Fig. 4. The light emitting component shown here is of lead type shown in Fig.

1, which employs the light emitting component and the phosphor of the first embodiment

to be described later. In Fig. 4, emission having a peak around 450 nm is the light

emitted by the light emitting component, and emission having a peak around 570 nm is

the photoluminescent emission excited by the light emitting component.

[0127] Fig. 16 shows the colors which can be represented by the white light

emitting diode made by combining the fluorescent material shown in Table l and blue

LED (light emitting component) having peak wavelength 465nm. Color of light emitted

by this white light emitting diode corresponds to a point on a straight line connecting a

point of chromaticity generated by the blue LED and a point of chromaticity generated by

the fluorescent material, and therefore the wide white color region (shaded portion in Fig.

16) in the central portion of the chromaticity diagram can be fully covered by using the

fluorescent materials 1 to 7 in Table 1. Fig. 1'? shows the change in emission color when

the contents of fluorescent materials in the white light emitting diode is changed.

Contents of fluorescent materials are given in weight percentage to the resin used in the

coating material. As will be seen from Fig. 17, color of the light approaches that of the

fluorescent materials when the content of fluorescent material is increased and

approaches that ofblue LED when the content of fluorescent material decreased.

[0128] According to the present invention, a light emitting component which does

not excite the fluorescent material may be used together with the light emitting
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component which emits light that excites the fluorescent material. Specifically, in

addition to the fluorescent material which is a nitride compound semiconductor capable

of exciting the fluorescent material, a light emitting component having a light emitting

layer made of gallium phosphate, gallium aluminum arsenide, gallium arsenic phosphate

or indium aluminum phosphate is arranged together. With this configuration, light

emitted by the light emitting component which does not excite the fluorescent material is

radiated to the outside without being absorbed by the fluorescent material, making a light

emitting diode which can emit redfwhite light.

[0129] Other components of the light emitting diodes of Fig. 1 and Fig. 2 will be

described below.

tConductive wires 103, 2031

[0130] The conductive wires 103, 203 should have good electric conductivity,

good thermal conductivity and good mechanical connection with the electrodes of the

light emitting components 102, 202. Thermal conductivity is preferably 0.01

calf(s)(cm2)(°C!cm) or higher, and more preferably 0.5 calf(s)(cm2)(°Clcm) or higher.

For workability, diameter of the conductive wire is preferably from main to 45pm

inclusive. Even when the same material is used for both the coating including the

fluorescent material and the molding, because of the difference in thermal expansion

coefficient due to the fluorescent material contained in either of the above two materials,

the conductive wire is likely to break at the interface. For this reason, diameter of the

conductive wire is preferably not less than 25 um and, for the reason of light emitting area

and ease of handling, preferably within 35mm. The conductive wire may be a metal such

as gold, copper, platinum and aluminum or an alloy thereof. When a conductive wire of

such material and Configuration is used, it can be easily connected to the electrodes of the

light emitting components, the inner lead and the mount lead by means of a wire bonding

device-
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tMount lead 1051

[0131] The mount lead 105 comprises a cup 1053 and a lead 105b, and it suffices

to have a size enough for mounting the light emitting component 102 with the wire

bending device in the cup 105a. In case a plurality of light emitting components are

installed in the cup and the mount lead is used as common electrode for the light emitting

component, because different electrode materials may be used, sufficient electrical

conductivity and good conductivity with the bonding wire and others are required. When

the light emitting component is installed in the cup of the mount lead and the cup is filled

with the fluorescent material, light emitted by the fluorescent material is, even if isotropic,

reflected by the cup in a desired direction and therefore erroneous illumination due to

light from other light emitting diode mounted nearby can be prevented. Erroneous

illumination here refers to such a phenomenon as other light emitting diode mounted

nearby appearing as though lighting despite not being supplied with power.

[0132] Bonding of the light emitting component 102 and the mount lead 105

with the cup 105a can be achieved by means of a thermoplastic resin such as epoxy resin,

acrylic resin and imide resin. When a face-down light emitting component (such a type

of light emitting component as emitted light is extracted from the substrate side and is

configured for mounting the electrodes to oppose the cup 105 a) is used, Ag paste, carbon

paste, metallic bump or the like can be used for bonding and electrically connecting the

light emitting component and the mount lead at the same time. Further, in order to

improve the efficiency of light utilization of the light emitting diode, surface of the cup of

the mount lead whereon the light emitting component is mounted may be mirror-polished

to give reflecting function to the surface. In this case, the surface rouglmess is preferably

from 0.18 to 0.8 S inclusive. Electric resistance of the mount lead is preferably within

300pQ-cm and more preferably within 3ttQ-cm. When maunting a plurality of light

emitting components on the mount lead, the light emitting components generate

significant amount of heat and therefore high thermal conductivity is required.
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Specifically, the thermal conductivity is preferably 0.01 calf(s)(cm2)(°Cfcm) or higher,

and more preferably 0.5 calf(s)(cm2)(°CKcm) or higher. Materials which satisfy these

requirements contain steel, copper, copper-clad steel, copper-clad tin and metallized

ceramics.

firmer lead 1061

[0133] The inner lead 106 is connected to one of electrodes of the light emitting

component 102 mounted on the mount lead 105 by means of conductive wire or the like.

In the case of a light emitting diode where a plurality of the light emitting components are

installed on the mount lead, it is necessary to arrange a plurality of inner leads 106 in

such a manner that the conductive wires do not touch each other. For example, contact of

the conductive wires with each other can be prevented by increasing the area of the end

face where the inner lead is wire-bonded as the distance from the mount lead increases so

that the space between the conductive wires is secured. Surface roughness of the inner

lead end face connecting with the conductive wire is preferably from 1.6 S to 10 S

inclusive in consideration of close contact. In order to form the inner lead in a

desired shape, it may be punched by means of a die. Further, it may be made by

punching to form the inner lead then pressurizing it on the end face thereby to control the

area and height of the end face.

[01341 The inner lead is required to have good connectivity with the bonding

wires which are conductive wires and have good electrical conductivity. Specifically, the

electric resistance is preferably within SOOuQ'cIn and more preferably within 3 uQ-cm.

Materials which satisfy these requirements contain iron, copper, iron-containing copper,

tin-containing copper, copper-, gold- or silver-plated aluminum, iron and copper.
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[Coating material 1011

[0135] The coating material 101 is previded in the cup of the mount lead apart

from the molding material 104 and, in the first embodiment, contains the phosphor which

converts the light emitted by the light emitting component. The coating material may be

a transparent material having good weatherability such as epoxy resin, urea resin and

silicone or glass. A dispersant may be used together with the phosphor. As the

dispersant, barium titanate, titanium oxide, aluminum oxide, silicon dioxide and the like

are preferably used. When the fluorescent material is formed by sputtering, coating

material may be omitted. In this case, a light emitting diode capable of bending colors

can be made by controlling the film thickness or providing an aperture in the fluorescent

material layer.

[Molding material 104!

[0136] The molding 104 has the function to protect the light emitting component

102, the conductive wire 103 and the coating material 10] which contains phosphor from

external disturbance. According to the first embodiment, it is preferable that the molding

material 104 further contain a dispersant, which can unsharpen the directivity of light

from the light emitting component 102, resulting in increased angle of View. The

molding material 104 has the function of lens to focus or diffuse the light emitted by the

light emitting component. Therefore, the molding material 104 may be made in a

configuration of convex lens or COncave lens, and may have an elliptic shape when

viewed in the direction of optical axis, or a combination of these. Also the molding

material 104 may be made in a structure of multiple layers of different materials being

laminated. As the molding material 104, transparent materials having high weatherability

such as epoxy resin, urea resin, silicon resin or glass is preferably employed. As the

dispersant, barium titanate, titanium oxide, aluminum oxide, silicon dioxide and the like

can be used. In addition to the dispersant, phosphor may also be contained in the
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molding material. Namely, according to the present invention, the phosphor may be

contained either in the molding material or in the coating material. When the phosphor is

contained in the molding material, angle of View can be fin‘ther increased. The phosphor

may also be contained in both the coating material and the molding material. Further, a

resin including the phOSphor may be used as the coating material while using glass,

different from the coating material, as the molding material. This makes it possible to

manufacture a light emitting diode which is less subject to the influence of moisture with

good productivity. The molding and the coating may also be made of the same material

in order to match the refractive index, depending on the application. According to the

present invention, adding the dispersant andfor a coloration agent in the molding material

has the effects of masking the color of the fluorescent material obscured and improving

the color mixing performance. That is, the fluorescent material absorbs blue component

of extraneous light and emits light thereby to give such an appearance as though colored

in yellow. However, the dispersant contained in the molding material gives milky white

color to the molding material and the coloration agent renders a desired color. Thus the

color of the fluorescent material will not be recognized by the observer. In case the light

emitting component emits light having main wavelength of 430nm or over, it is more

preferable that ultraviolet absorber which serves as light stabilizer be contained.

Embodiment 2

[0137] The light emitting diode of the second embodiment of the present

invention is made by using an element provided with gallium nitride compound

semiconductor which has high-energy band gap in the light emitting layer as the light

emitting component and a fluorescent material including two or more kinds of phosphors

of different compositions, or preferably yttrium-aluminum-gamet fluorescent materials

activated with cerium as the phosphor. With this configuration, a light emitting diode

which allows to give a desired color tone by controlling the contents of the two or more
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fluorescent materials can he made even when the wavelength of the LED light emitted by

the light emitting component deviates from the desired value due to variations in the

production process. In this case, emission color of the light emitting diode can be made

constantly using a fluorescent material having a relatively short emission wavelength for

a light emitting component of a relatively short emission wavelength and using a

fluorescent material having a relatively long emission wavelength for a light emitting

component of a relatively long emission wavelength.

[0138] As for the fluorescent material, a fluorescent material represented by

general formula (Rel—rSmr)3(All—sGas)5012:Ce may also be used as the phosphor.

Here OSr<l and US$51, and Re is at least one selected from Y, Gd and La. This

configuration makes it possible to minimize the denaturing of the fluorescent material

even when the fluorescent material is exposed to high-intensity high-energy visible light

emitted by the light emitting component for a long period of time or when used under

various environmental conditions, and therefore a light emitting diode which is subject to

extremely insignificant color shift and emission luminance decrease and has the desired

emissicm component ofhigh luminance can be made.

{Phosphor of the second embodiment}

[0139] Now the phosphor used in the light emitting component of the second

embodiment will be described in detail below. The second embodiment is similar to the

first embodiment, except that two or more kinds of phosphors of different compositions

activated with cerium are used as the phosphor, as described above, and the method of

using the fluorescent material is basically the same.

[0140] Similarly to the ease of the first embodiment, the light emitting diode can

be given high weatherability by controlling the distribution of the phosphor (such as

tapering the concentration with the distance from the light emitting component). Such a

distribution of the phosphor concentration can be achieved by selecting or controlling the
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material which contains the phosphor, forming temperature and viscosity, and the

configuration and particle size distribution of the phosphor. Thus, according to the

second embodiment, distribution of the fluorescent material wncentration is determined

according to the operating conditions. Also, according to the second embodiment,

efficiency of light emission can be increased by designing the arrangement of the two or

more kinds of fluorescent materials (for example, arranging in the order of nearness to

the light emitting component) according to the light generated by the light emitting

component.

[0141] With the configuration of the second embodiment, similarly to the first

embodiment, light emitting diode has high efficiency and enough light resistance even

when arranged adjacent to or in the vicinity of relatively high-output light emitting

component with radiation intensity (Be) within the range from 3 Wcm-2 to 10 Went-2

can be made.

[0142} The ytnium-almninmn-gamet fluorescent material activated with cerium

CYAG fluorescent material) used in the second embodiment has garnet structure similarly

to the case of the first embodiment, and is therefore resistant to heat, light and moisture.

The peak wavelength of excitation of the yttrium-almninum—garnet fluorescent material

of the second embodiment can be set near 450nm as indicated by the solid line in Fig. 5A,

and the peak wavelength of emission can be set near 510nm as indicated by the solid line

in Fig. 5B, while making the emission spectrum so bread as to tail out to 700nm. This

makes it possible to emit green light. The peak wavelength of excitation of another

yttrium-aluminum-gamet fluorescent material activated with cerium of the second

embodiment can be set near 450nm as indicated by the dashed line in Fig. 5A, and the

peak wavelength of emission can be set near 600nm as indicated by the dashed line in Fig.

513, while making the emission spectrum so broad as to tail out to 750nm. This makes it

possible to emit red light.
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[0143] Wavelength of the emitted light is shifted to a shorter wavelength by

substituting part of Al, among the constituents of the YAG fluorescent material having

garnet structure, with Ga, and the wavelength of the emitted light is shifted to a longer

wavelength by substituting part of Y with Gd andfor La. Proportion of substituting A1

with Ga is preferably from Ga:Al=1:1 to 4:6 in consideration of the light emitting

efficiency and the wavelength of emission. Similarly, proportion of substituting Y with

Gd andfor La is preferably from Y:Gd and/or La=9:1 to 1:9, or more preferably from

YiGd andfor La=4zl to 2:3. Substitution of less than 20% results in an increase of green

component and a decrease of red component. Substitution of 80% or greater part, on the

other hand, increases red component but decreases the luminance steeply.

[0144] Material for making such a phosphor is made by using oxides of Y, Gd,

Ce, La, Al, Sm and Ga or compounds which can be easily converted into these oxides at

high temperature, and sufficiently mixing these materials in stoichiometrical proportions.

0r either, mixture material is obtained by dissolving rare earth elements Y, Gd, Ce, La

and Sm in stoichiometrical proportions in acid, coprecipitating the solution oxalic acid

and firing the coprecipitate to obtain an oxide of the coprecipitate, which is then mixed

with aluminum oxide and gallium oxide. This mixture is mixed with an appropriate

quantity of a fluoride such as ammonium fluoride used as a flux, and fired in a crucible at

a temperature from 1350 to 1450 °C in air for 2 to 5 hours. Then the fired material is

ground by a ball mill in water, washed, separated, dried and sieved thereby to obtain the

desired material.

[0145] In the second embodiment, the two or more kinds of yttrium-aluminum—

gamet fluorescent materials activated with cerium of different compositions may be

either used by mixing or arranged independently (laminated, for example). When the two

or more kinds of fluorescent materials are mixed, color converting portion can be formed

relatively easily and in a manner suitable for mass production. When the two or more

kinds of fluorescent materials are arranged independently, color can be adjusted after
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forming it by laminating the layers until a desired color can be obtained. Also when

arranging the two or more kinds of fluorescent materials independently, it is preferable to

arrange a fluorescent material that absorbs light from the light emitting component of a

shorter wavelength near to the LED element, and a fluorescent material that absorbs light

of a longer wavelength away from the LED element. This arrangement enables efficient

absorption and emission of light.

[0146] The light emitting diode of the second embodiment is made by using two

or more kinds of yttrium-aluminum-gamet fluorescent materials of different

compositions as the fluorescent materials, as described above. This makes it possible to

make alight emitting diode capable of emitting light of desired color efficiently. That is,

when wavelength of light emitted by the semiconductor light emitting component

corresponds to a point on the straight line connecting point A and point B in the

chromaticity diagram of Fig. 6, light of any color in the shaded region enclosed by points

A, B, C and D in Fig. 6 which is the chromaticity points (points C and D) of the two or

more kinds of yttrium—aluminum—gamet fluorescent materials of different compositions

can be emitted. According to the second embodiment, color can be controlled by

changing the compositions or quantities of the LED elements and fluorescent materials.

In particular, a light emitting diode of less variation in the emission wavelength can be

made by selecting the fluorescent materials according to the emission wavelength of the

LED element, thereby compensating for the variation of the emission wavelength of the

LED element. Also a light emitting diode including RGB components with high

luminance can be made by selecting the emission wavelength of the fluorescent materials.

[0147} Moreover, because the yttrium-aluminum-garnet (YAG) fluorescent

material used in the second embodiment has garnet stnicture, the light emitting diode of

the second embodiment can emit light of high luminance for a long period of time. Also

the light emitting diodes of the first embodiment and the second embodiment are

provided with light emitting component installed via fluorescent material. Also because
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the converted light has longer wavelength than that of the light emitted by the light

emitting component, energy of the converted light is less than the band gap of the nitride

semiconductor, and is less likely to be absorbed by the nitride semiconductor layer. Thus,

although the light emitted by the fluorescent material is directed also to the LED element

because of the isotmpy of emission, the light emitted by the fluorescent material is never

absorbed by the LED element, and therefore the emission efficiency of the light emitting

diode will not be decreased.

[Planar li gl_1t source!

[0148] A planar light source which is another embodiment of the present

invention is shown in Fig. 7.

[0149] In the planar light source shown in the Fig. 7, the phosphor used in the

first embodiment or the second embodiment is contained in a coating material 701. With

this configuration, blue light emitted by the gallium nitride semiconductor is color-

converted and is output in planar state via an optical guide plate 704 and a dispersive

sheet 706.

[0150] Specifically, a light emitting component ?02 of the planar light source of

Fig. 7 is secured in a metal substrate 703 of inverted C shape whereon an insulation layer

and a conductive pattern (not shown) are formed. After electrically connecting the

electrode of the light emitting component and the conductive pattern, phOSphor is mixed

with epoxy resin and applied into the inverse C—shaped metal substrate 703 whereon the

light emitting component 702 is mounted. The light emitting component thus secured is

fixed onto an end face of an acrylic optical guide plate 704 by means of an epoxy resin.

A reflector film 707 containing a white diffusion agent is arranged on one of principal

planes of the optical guide plate 704 where the dispersive sheet 706 is not formed, for the

purpose ofpreventing fluorescence.
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[0151] Similarly, a reflector 705 is provided on the entire surface on the back of

the opticai guide plate 704 and on one end Face where the light emitting component is not

provided, in order to improve the light emission efficiency. With this configuration, light

emitting diodes for planar tight emission which generates enough luminance for the back

light of LCD can be made.

[0152] Application of the light emitting diode for planar light emission to a liquid

crystal display can be achieved by arranging a polarizer plate on one principal plane of

the optical guide plate 704 via liquid crystal injected between glass substrates (not

shown) whereon a translucent conductive pattern is formed.

[0153] Now referring to Fig. 8 and Fig. 9, a planar light source according to

another embodiment of the present invention will be described below. The light emitting

device Shown in Fig. 8 is made in such a configuration that blue light emitted by the light

emitting diode 702 is converted to white light by a color converter 70] which contains

phosphor and is output in planar state Via an optical guide plate 704.

[0154] The light emitting device shown in Fig. 9 is made in such a configuration

that blue light emitted by the light emitting component 702 is turned to planar state by the

Optical guide plate 704, then converted to white light by a dispersive sheet 706 which

contains phosphor formed on one of the principal plane of the optical guide plate 704,

thereby to output white light in planar state. The phosphor may be either contained in the

dispersive sheet 706 or formed in a sheet by spreading it together with a binder resin over

the dispersive sheet 706. Further, the binder including the phosphor may be formed in

dots, not sheet, directly on the optical guide plate 704.

<Application>

(Dispiay device]

[0155] Now a display device according to the present invention will be described

below. Fig. 10 is a block diagram showing the configuration of the display device
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according to the present invention. As shown in Fig. 10, the display device comprises an

LED display device 601 and a drive circuit 610 having a driver 602, video data storage

means 603 and tone control means 604. The LED display device 601, having white light

emitting diodes 501 shown in Fig. l or Fig. 2 arranged in matrix configuration in a casing

504 as shown in Fig. 11, is used as monochromatic LED display device. The casing 504

is provided with a light blocking material 505 being formed integrally therewith.

[0156] The drive circuit 610 has the video data storage means (RAM) 603 for

temporarily storing display data which is input, the tone control means 604 which

computes and outputs tone signals for controlling the individual light emitting diodes of

the LED display device 601 to light with the specified brightness according to the data

read from RAM 603, and the driver 602 which is switched by signals supplied from the

tone control means 604 to drive the light emitting diode to light. The tone control circuit

604 retrieves data from the RAM 603 and computes the duration of lighting the light

emitting diodes of the LED diSplay device 601, then outputs pulse signals for turning on

and off the light emitting diodes to the LED display device 601. In the display device

constituted as described above, the LED display device 601 is capable of displaying

images according to the pulse signals which are input from the drive circuit, and has the

following advantages.

[0157] The LED display device which displays with white light by using light

emitting diodes of three colors, RGB, is required to display while controlling the light

emission output of the R, G and B light emitting diodes and accordingly must control the

light emitting diodes by taking the emission intensity, temperature characteristics and

other factors of the light emitting diodes into account, resulting in complicate

configuration of the drive circuit which drives the LED display device. In the display

device of the present invention, however, because the LED display device 601 is

constituted by using light emitting diodes 501 of the present invention which can emit

white light Without using light emitting diodes of three kinds, RGB, it is not necessary for

LOWES 1002, Page 348



TCL 1002, Page 349
LOWES 1002, Page 349

Attorney Docket No. 0020-5147PU85

the drive circuit to individually control the R, G and B light emitting diodes, making it

possible to simplify the configuration of the drive circuit and make the display device at a

low cost.

[0158] With an LED display device which displays in white light by using light

emitting diodes of three kinds, RGB, the three light emitting diodes must be illuminated

at the same time and the light from the light emitting diodes must be mixed in order to

display white light by combining the three RGB light emitting diodes for each pixel,

resulting in a large display area for each pixel and making it impossible to display with

high definition. The LED display device of the display device according to the present

invention, in contrast, can display with white light can be done with a single light

emitting diode, and is therefore capable of display with white light of higher definition.

Further, with the LED display device which displays by mixing the colors of three light

emitting diodes, there is such a case as the display color changes due to blocking of some

of the RGB light emitting diodes depending on the viewing angle, the LED display

device of the present invention has no such problem.

[0159] As described above, thc display device provided with the LED display

device employing the light emitting diode of the present invention which is capable of

emitting white light is capable of displaying stable white light with higher definition and

has an advantage of less color unevenness. The LED display device of the present

invention which is capable of displaying with white light also imposes less stimulation to

the eye compared to the conventional LED display device which employs only red and

green colors, and is therefore suited for use over a long period of time.

@hgdjment of another display device emploflng the light emitting diode of the present

invention}

[0160] The light emitting diode of the present invention can be used to constitute

 

an LED display device wherein one pixel is constituted of three RGB light emitting
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diodes and one light emitting diode of the present invention, as shown in Fig. 12. By

connecting the LED display device and a specified drive circuit, a display device capable

of displaying various images can be constituted. The drive circuit of this display device

has, similarly to a case of monochrome diSplay device, video data storage means

(RAM)for temporarily storing the input display data, a tone control circuit which

processes the data stored in the RAM to compute tone signals for lighting the light

emitting diodes with specified brightness and a driver which is switched by the output

signal of the tone control circuit to cause the light emitting diodes to illuminate. The

drive circuit is required exclusively for each of the RGB light emitting diodes and the

white light emitting diode. The tone control circuit computes the duration of lighting the

light emitting diodes from the data stored in the RAM, and outputs pulse signals for

turning on and off the light emitting diodes. When displaying with white light, width of

the pulse signals for lighting the RGB light emitting diodes is made shorter, or peak value

of the pulse signal is made lower or no pulse signal is output at all. On the other hand, a

pulse signal is given to the white light emitting diode in compensation thereof. This

causes the LED display device to display with white light.

[0161] As described above, brightness of diSplay can be improved by adding the

white light emitting diode to the RGB light emitting diodes. When RGB light emitting

diodes are combined to display white light, one or two of the RGB colors may be

enhanced resulting in a failure to display pure white depending on the viewing angle,

such a problem is solved by adding the white light emitting diode as in this display device.

[0162] For the drive circuit of such a display device as described above, it is

preferable that a CPU be provided separately as a tone control circuit which computes the

pulse signal for lighting the white light emitting diode with Specified brightness. The

pulse signal which is output from the tone control circuit is given to the white light

emitting diode driver thereby to switch the driver. The white light emitting diode

illuminates when the driver is turned on, and goes out when the driver is turned off.
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jTraffie signal!

[0163] When the light emitting diode of the present invention is used as a traffic

signal which is a kind of display device, such advantages can be obtained as stable

illumination over a long period of time and no color unevenness even when part of the

light emitting diodes go out. The traffic signal employing the light emitting diode of the

present invention has such a configuration as white light emitting diodes are arranged on

a substrate whereon a conductive pattern is formed. A circuit of light emitting diodes

wherein such light emitting diodes are connected in series or parallel is handled as a set

of light emitting diodes. Two or more sets of the light emitting diodes are used, each

having the light emitting diodes arranged in spiral configuration. When all light emitting

diodes are arranged, they are arranged over the entire area in circular configuration.

After connecting power lines by soldering for the connection of the light emitting diodes

and the substrate with external power supply, it is secured in a chassis of railway signal.

The LED display device is placed in an aluminum diecast chassis equipped with a light

blocking member and is sealed on the surface with silicon rubber filler. The chassis is

provided with a white color lens on the display plane thereof. Electric wiring of the LED

display device is passed through a rubber packing on the back of the chassis, for sealing

off the inside of the chassis from the outside, with the inside of the chassis closed. Thus a

signal of white light is made. A signal of higher reliability can be made by dividing the

light emitting diodes of the present invention into a plurality of groups and arranging

them in a spiral configuration swirling from a center toward outside, while connecting

them in parallel. The configuration of swirling from the center toward. outside may be

either continuous or intermittent. Therefore, desired number of the light emitting diodes

and desired number of the sets of light emitting diodes can be selected depending on the

display area of the LED display device. This signal is, even when one of the sets of light

emitting diodes or part of the light emitting diodes fail to illuminate due to some trouble,

capable of illuminate evenly in a circular configuration without color shift by means of
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the remaining set of light emitting diodes or remaining light emitting diodes. Because the

light emitting diodes are arranged in a spiral configuration, they can be arranged more

densely near the center, and driven without any different impression from signals

employing incandescent lamps.

<Examples>

[0164] The following Examples further illustrate the present invention in detail

but are not to be construed to limit the scope thereof.

Example 11

[0165] Example 1 provides a light emitting component having an emission peak

at 450nm and a half width of 30mm employing a GaInN semiconductor. The light

emitting component of the present invention is made by flowing TMG (trimethyl

gallium) gas, TMI (trimethyl indium) gas, nitrogen gas and dopant gas together with a

carrier gas on a cleaned sapphire substrate and forming a gallium nitride compound

semiconductor layer in MOC'VD process. A gallium nitride semiconductor having N

type conductivity and a gallium nitride semiconductor having P type conductivity are

formed by switching SiH4 and Cp2Mg as dopant gas. The LED element of Example 1

has a contact layer which is a gallium nitride semiconductor having N type conductivity,

a clad layer which is a gallium nitride aluminum semiconductor having P type

conductivity and a contact layer which is a gallium nitride semiconductor having P type

conductivity, and formed between the contact layer having N type conductivity and the

clad layer having P type conductivity is a non-doped hiGaN activation layer of thickness

about 3 nm for making a single quantum well structure. The sapphire substrate has a

gallium nitride semiconductor layer formed thereon under a low temperature to make a

buffer layer- The P type semiconductor is annealed at a temperature of 400°C or above

after forming the film.
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[0166] After exposing the surfaces of P type and N type semicoriductor layers by

etching, n and p electrodes are formed by sputtering. After scribing the semiconductor

wafer which has been made as described above, light emitting components are made by

dividing the wafer with external force.

[0167] The light emitting component made in the above process is mounted in a

cup of a mount lead which is made of silver—plated steel by die bonding with epoxy resin.

Then electrodes of the light emitting component, the mount lead and the inner lead are

electrically connected by wire boding with gold wires 30pm in diameter, to make a light

emitting diode of lead type.

[0168] A phosphor is made by dissolving rare earth elements of Y, Gd and Ce in

an acid in stoichiometrical proportions, and coprecipitating the solution with oxalic acid

Oxide of the coprecipitate obtained by firing this material is mixed with aluminum oxide,

thereby to obtain the mixture material. The mixture was then mixed with ammonium

fluoride used as a flux, and fired in a crucible at a temperature of 1400°C in air for 3

hours. Then the tired material is ground by a ball mill in water, washed, separated, dried

and sieved thereby to obtained the desired material. Phosphor made as describe above is

yttrium-aluminum-gamet fluorescent material represented by general formula

(Y0.8Gd0.2}3A15012:Ce where about 20% of Y is substituted with Gd and substitution

ratio of Ce is 0.03.

[0169] 80 Parts by weight of the fluorescent material having a composition of

(Y0.8Gd0.2)3A15012:Ce which has been made in the above process and 100 parts by

weight of epoxy resin are sufficiently mixed to turn into slurry. The slurry is poured into

the cup provided on the mount lead whcrcon the light emitting component is mounted.

After pouring, the slurry is cured at 1300C for one hour. Thus a coating having a

thickness of l20um, which contains the phosphor, is formed 0n the light emitting

component. In Example 1, the coating is formed to contain the phosphor in gradually

increasing concentration toward the light emitting component. Irradiation intensity is
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about 3.5W/cm2. The light emitting component and the phosphor are molded with

translucent epoxy resin for the purpose of protection against extraneous stress, moisture

and dust. A lead frame with the coating layer of phosphor formed thereon is placed in a

bullet-shaped die and mixed with translucent epoxy resin and then cured at 150 °C for 5

hours.

[0170] Under visual observation of the light emitting diode formed as described

above in the direction normal to the light emitting plane, it was found that the central

portion was rendered yellowish color due to the body color of the phosphor.

[0171] Measurements of ehromatieity point, color temperature and color

rendering index of the light emitting diode made as described above and capable of

emitting white light gave values of (0.302, 0.280) for chromaticity point (x, y), color

temperature of 8080 K and 87.5 for color rendering index (Ra) which are approximate to

the characteristics of a 3-waveform fluorescent lamp. Light emitting efficiency was 9.5

lme, comparable to that of an incandescent lamp. Further in life tests under conditions

of energization with a current of 60mA at 25°C, 20111A at 25°C and ZOmA at 60°C with

90% RH, no change due to the fluorescent material was observed, preving that the light

emitting diode had no difference in service life from the conventional blue light emitting

diode.

[Comparative Example 1 1

[0172] Formation of a light emitting diode and life tests thereof were cendueted

in the same manner as in Example 1 except for changing the phosphor from

(Y0.8Gd0.2)3A15012:Ce to (ZnCd)S:Cu, Al. The light emitting diode which had been

formed showed, immediately after energi7ati0n, emission of white light but with low

luminance. In a life test, the output diminished to zero in about 100 hours. Analysis of

the cause ofdeterioration showed that the fluorescent material was blackened.
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[0173] This trouble is supposed to have been caused as the light emitted by the

light emitting component and moisture which had caught on the fluorescent material or

entered from the outside brought about photolysis to make coiloidal zinc to precipitate on

the surface of the fluorescent material, resulting in blackened surface. Results of life tests

under conditions of energization with a current of ZOmA at 25 °C and 20m at 60 0C

with 90% RH are shown in Fig. 13 together with the results of Example 1. Luminance is

given in terms of relative value with respect to the initial value as the reference. A solid

line indicates Example 1 and a wavy line indicates Cemparative Example 1 in Fig. 13.

[Example 21

[0174] In Example 2, a light emitting component was made in the same manner

as in Example 1 except for increasing the content of In in the nitride compound

semiconductor of the light emitting component to have the emission peak at 460 nm and

increasing the content of Gd in phosphor than that of Example 1 to have a composition of

-(Y0.6Gd0.4)3A15012:Ce.

[0175] Measurements of chromaticity point, color temperature and color

rendering index of the light emitting diode, which were made as described above and

capable of emitting white light, gave values of (0.375, 0.370) for chromaticity point (x, y),

color temperature of4400 K and 86.0 for color rendering index (Ra). Fig.

18A, Fig. 18B and Fig. 18C Show the emission spectra of the phosphor, the light emitting

component and the light emitting diode of Example 2, respectively.

[0176] 100 pieces of the light emitting diodes of Example 2 were made and

average luminous intensities thereof were taken after lighting for 1000 hours. In terms of

percentage of the luminous intensity value before the life test, the average luminous

intensity after the life test was 983%, proving no difference in the characteristic.
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[Example 31

[0177] 100 light emitting diodes were made in the same manner as in Example 1

except for adding Sm in addition to rare earth elements Y, Gd and Ce in the phosphor to

make a fluorescent material with composition of (Y0.39Gd0.57Ce0.0331n0.01)3A15012.

When the light emitting diodes were made illuminate at a high temperature of 130 °C,

average temperature characteristic about 8% better than that ofExample 1 was obtained.

Example 4!

[0178] LED display device of Example 4 is made of the light emitting diodes of

Example I being arranged in a 16 x 16 matrix on a ceramics substrate whereon a copper

pattern is formed as shown in Fig. 11. In the LED display device of Example 4, the

substrate whereon the light emitting diodes are arranged is placed in a chassis 504 which

is made of phenol resin and is provided with a light blocking member 505 being formed

integrally therewith. The chassis, the light emitting diodes, the substrate and part of the

light blocking member, except for the tips of the light emitting diodes, are covered with

silicon rubber 506 colored in black with a pigment. The substrate and the light emitting

diodes are soldered by means of an automatic soldering machine.

[0179] The LED display device made in the configuration described above, a

RAM which temporarily stores the input display data, a tone control circuit which

processes the data stored in the RAM to compute tone signals for lighting the light

emitting diodes with specified brightness and drive means which is switched by the

output signal of the tone control circuit to cause the light emitting diodes to illuminate are

electrically connected to make an LED display device. By driving the LED display

devices, it was verified that the apparatus can be used as black and white LED display

device.
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[Example 51

[0180] The light emitting diode of Example 5 was made in the same manner as in

Example 1 except for using phosphor represented by general formula

(Y0.2Gd0.8)3A15012:Ce. 100 pieces of the light emitting diodes of Example 5 were

made and measured for various characteristics.

[0181] Measurement of chromaticity point gave values of (0.450, 0.420) in

average for chromaticity point (x, y), and light of incandescent lamp color was emitted.

Fig. 19A, Fig. 19B and Fig. 19C show the emission spectra of the phoSphor, the light

emitting component and the light emitting diode of Example 5, respectively. Although

the light emitting diodes of Example 5 showed luminance about 40% lower than that of

the light emitting diodes of Example 5, showed good weatherability comparable to that of

Example 1 in life test.

[Example 61

[0182] The light emitting diode of Example 6 was made in the same manner as in

Example 1 except for using phosphor represented by general formula Y3A150i21Cc. 100

pieces of the light emitting diodes of Example 6 were made and measured for various

characteristics.

[0183] Measurement of chromaticity point slightly yellow-greenish white light

compared to Example 1 was emitted. The light emitting diode of Example 6 showed

good weatherability similar to that of Example 1 in life test. Fig. 20A, Fig. 208 and Fig.

20C show the emission spectra of the phosphor, the light emitting component and the

light emitting diode of Example 6, respectively.

[Example 71

[0184] The light emitting diode of Example 7 was made in the same manner as in

Example 1 except for using phosphor represented by general formula
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Y3(A10.5Ga0.5)5012:Ce. 100 pieces of the light emitting diodes of Example 7 were

made and measured for various characteristics.

[0185] Although the light emitting diodes of Example 7 showed a low luminance,

emitted greenish white light and showed good weatherability similar to that ofExample 1

in life test. Fig. 21A, Fig. 21B and Fig. 21C show the emission spectra of the phosphor,

the light emitting component and the light emitting diode of Example 7, respectively.

[Example 8]

[0186] The light emitting diode of Example 8 was made in the same manner as in

Example 1 except for using phosphor represented by general formula

Gd3(AlO.5Ga0.S)5012:Ce which does not contain Y. 100 pieces of the light emitting

diodes of Example 8 were made and measured for van'ous characteristics.

[0187] Although the light emitting diodes of Example 8 showed a. low luminance,

showed good weatherability similar to that of Example 1 in life test.

[Example 9:

[0188] Light emitting diode of Example 9 is planar light emitting device having

the configuration shown in Fig. '7.

[0189] In 0.0SGa0.95N semiconductor having emission peak at 450nm is used as

a light emitting component. Light emitting components are made by flowing TMG

(trimethyl gallium) gas, TM] (trimethyl indium) gas, nitrogen gas and dopant gas together

with a carrier gas on a cleaned sapphire substrate and forming a gallium nitride

compound semiconductor layer in MOCVD process. A gallium nitride semiconductor

layer having N type conductivity and a gallium nitride semiconductor layer having P type

conductivity are formed by switching SiH4 and CpZMg as dopant gas, thereby forming a

PN junction. For the semiconductor light emitting component, a contact layer which is

gallium nitride semiconductor having N type conductivity, a clad layer which is gallium
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nitride aluminum semiconductor having N type conductivity, a clad layer which is

gallium nitride aluminum semiconductor having P type conductivity and a contact layer

which is gallium nitride semiconductor having P type conductivity are formed. An

activation layer of Zn-doped lnGaN which makes a double—hetero junction is formed

between the clad layer having N type conductivity and the clad layer having P type

conductivity. A buffer layer is provided on the sapphire substrate by forming gallium

nitride semiconductor layer at a low temperature. The P type nitride semiconductor layer

is annealed at a temperature of400°C or above after forming the film.

[0190] After forming the semiconductor layers and exposing the surfaces of P

type and N type semiconductor layers by etching, electrodes are formed by sputtering.

After scribing the semiconductor wafer which has been made as described above, light

emitting components are made as light emitting components by dividing the wafer with

external force.

[0191] The light emitting component is mounted on a mount lead which has a cup

at the tip of a silver-plated copper lead frame, by die bonding with epoxy resin.

Electrodes of the light emitting component, the mount lead and the inner lead are

electrically connected by wire boding with gold wires having a diameter of 30p.111.

[0192] The lead frame with the light emitting component attached thereon is

placed in a bullet—shaped die and sealed with translucent epoxy resin for molding, which

is then cured at 150°C for 5 hours, thereby to form a blue light emitting diode. The blue

light emitting diode is connected to one end face of an acrylic optical guide plate which is

polished on all end faces. On one surface and side face of the acrylic plate, screen

printing is applied by using barium titanate dispersed in an acrylic binder as white color

reflector, which is then cured.

[0193] Phosphor of green and red colors are made by dissolving rare earth

elements of Y, Gd, Ce and La in acid in stoichiometrical proportions, and eoprecipitating

the solution with oxalic acid. Oxide of the coprecipitate obtained by firing this material
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is mixed with aluminum Oxide and gallium oxide, thereby to obtain respective mixture

materials. The mixture is then mixed with ammonium fluoride used as a. flux, and fired

in a crucible at a temperature of 1400 °C in air for 3 hours. Then the tired material is

ground by a ball mill in water, washed, separated, dried and sieved thereby to obtained

the desired material.

[0194] 120 parts by weight of the first fluorescent material having a composition

of Y3(A10.6Ga0.4)5012:Ce and capable of emitting green light prepared as described

above and 100 parts by weight of the second fluorescent material having a composition of

(Y0.4Gd0.6)3AlSOl2:Ce and capable of emitting red light prepared in a process similar

to that for the first fluorescent material, are sufficiently mixed with 100 parts by weight

of epoxy resin, to form a slurry. The slurry is applied uniformly onto an acrylic layer

having a thickness of 0.5 mm by means of a multi-coater, and dried to form a fluorescent

material layer to be used as a color converting material having a thickness of about 30pm.

The fluorescent material layer is cut into the same size as that of the principal light

emitting plane of the optical guide plate, and arranged on the optical guide plate thereby

to form the planar light emitting device. Measurements of chromaticity point and color

rendering index of the light emitting device gave values of (0.29, 0.34) for chromaticity

point (x, y) and 92.0 for color rendering index (Ra) which are approximate to the

properties of 3-waveform fluorescent lamp. Light emitting efficiency of 12 ImNV

comparable to that of an incandescent lamp was obtained. Further in weatherability tests

under conditions of energization with a current of 60mA at room temperature, 20mA at

room temperature and 20mA at 60°C with 90% RH, no change due to the fluorescent

material was observed.

tCompai—ative Example 21

[0195] Forming of light emitting diode and weatherability tests thereof were

conducted in the same manner as in Example 9 except for mixing the same quantities of a
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green organic fluorescent pigment (FA—001 of Synleuch Chemisch) and a red organic

fluorescent pigment (FA-005 of Synleuch Chemisch) which are perylene—derivatives,

instead of the first fluorescent material represented by general formula

Y3(A10.GGaO.4)5012:Ce capable of emitting green light and the second fluorescent

material represented by general formula (Y0.4Gd0.6)3A150 l 2:Ce capable of emitting red

light of Example 9. Chromaticity coordinates of the light emitting diode of Comparative

Example 1 thus formed were (it, y) = (0.34, 0-35). Weatherability test was conducted by

irradiating with ultraviolet ray generated by carbon are for 200 hours, representing

equivalent irradiation of sun light over a period of one year, while measuring the

luminance retaining ratio and color tone at various times during the test period. In a

reliability test, the light emitting component was energized to emit light at a constant

temperature of 70°C while measuring the luminance and color tone at different times.

The results are shown in Fig. 14 and Fig. 15, together with Example 9. As will be clear

from Fig. 14 and Fig. 15, the light emitting component of Example 9 experiences less

deterioration than Comparative Example 2.

[Example 101

[0196] The light emitting diode ofExample 10 is a lead type light emitting diode.

[0197] In the light emitting diode of Example 10, the light emitting component

having a light emitting layer of In0.05Ga0.9SN with emission peak at 450nm which is

made in the same manner as in Example 9 is used. The light emitting component is

mounted in the cup provided at the tip of a silver-plated copper mount lead, by die

bonding with epoxy resin. Electrodes of the light emitting component, the mount lead

and the inner lead were electrically connected by wire boding with gold wires.

[0198] Phosphor is made by mixing a first fluorescent material represented by

general formula Y3(AlO.5Ga0.5)5012:Ce capable of emitting green light and a second

fluorescent material represented by general formula (Y0.ZGdO.8)3A15012:Ce capable of
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emitting red light prepared as follows. Namely, rare earth elements of Y, Gd and Ce are

solved in acid in stoichiomctrical proportions, and coprecipitating the solution with oxalic

acid. Oxide of the coprecipitation obtained by firing it is mixed with aluminum oxide

and gallium oxide, thereby to obtain respective mixture materials. The mixture is mixed

with ammonium fluoride used as a flux, and fired in a crucible at a temperature of

1400°C in air for 3 hours. Then, the fired material is ground by a ball mill in water,

washed, separated, dried and sieved thereby to obtained the first and second fluorescent

materials of the specified particle size distribution.

[0199] 40 parts by weight of the first fluorescent material, 40 parts by weight of

the second fluorescent material and 100 parts by weight of epoxy resin are sufficiently

mixed to form a slurry. The slurry is poured into the cup which is provided on the mount

lead wherein the light emitting component is placed. Then the resin including the

phosphor is cured at 130°C for 1 hour. Thus a coating layer including the phosphor in

thickness of 120nm is formed on the light emitting component. Concentration of the

phosphor in the coating layer is increased gradume toward the light emitting component.

Further, the light emitting component and the phosphor are sealed by molding with

translucent epoxy resin for the purpose of protection against extraneous stress, moisture

and dust. A lead frame with the coating layer of phosphor formed thereon is placed in a

bullet-Shaped die and mixed with translucent epoxy resin and then cured at 150°C for 5

hours. Under visual observation of the light emitting diode formed as described above in

the direction normal to the light emitting planc, it was found that the central portion was

rendered yellowish col or due to the body color of the phosphor.

[0200] Measurements of chromaticity point, color temperature and color

rendering index of the light emitting diode of Example 10 which was made as described

above gave values of (0.32, 0.34) for chromaticity point (x, y), 89.0 for color rendering

index (Ra) and light emitting efficiency of 10 lme. Further in weatherability tests under

conditions of energization with a current of 60mA at room temperature, 20mA at room

LOWES 1002, Page 362



TCL 1002, Page 363
LOWES 1002, Page 363

Attorney Docket No. 0020-5147PUSS

-54-

temperature and 20mA at 60°C with 90% RH, no change due to the phosphor was

observed, showing no difference from an ordinary blue light emitting diode in the service

life characteristic.

[Example 11 1

[0201] InO.4Ga0.6N semiconductor having an emission peak at 470nm is used as

an LED element. Light emitting components are made by flowing TMG (trimethyl

gallium) gas, TMI (trimethyl indium) gas, nitrogen gas and dopant gas together with a

carrier gas on a cleaned sapphire substrate thereby to form a gallium nitride compound

semiconductor layer in the MOCVD process. A gallium nitride semiconductor layer

having N type conductivity and a gallium nitride semiconductor layer having P type

conductivity were fomied by switching SiH4 and CpZMg used as the dopant gas, thereby

forming a PN junction. For the LED element, a contact layer which is gallium nitride

semiconductor having N type conductivity, a clad layer which is gallium nitride

aluminum semiconductor having P type conductivity and a contact layer which is gallium

nitride semiconductor having P type conductivity are formed. An activation layer of non-

doped InGaN with thickness of about 3mn is formed between the contact layer having N

type conductivity and the clad layer having P type conductivity, thereby to make single

quantum well structure. A buffer layer is provided on the sapphire substrate by forming a

gallium nitride semiconductor layer at a low temperature.

[0202] After forming the layers and exposing the surfaces of P type and N type

Semiconductor layers by etching, electrodes are formed by sputtering. After scribing the

semiconductor wafer which is made as described above, light emitting components are

made by dividing the wafer with an external force.

[0203] The light emitting component is mounted in a cup at the tip of a silver-

plated copper mount lead by die bonding with epoxy resin. Electrodes of the light
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emitting component, the mount lead and the inner lead are electrically connected by wire

boding with gold wires having a diameter of 30pm.

[0204] The lead frame with the light emitting component attached thereon is

placed in a bullet-shaped die and sealed with translucent epoxy resin for molding, which

is then cured at 150"C for 5 hours, thereby to form a blue light emitting diode. The blue

light emitting diode is connected to one end face ofan acrylic optical guide plate which is

polished on all end faces. On one surface and side face of the acrylic plate, screen

printing is applied by using barium titanate dispersed in an acrylic binder as white color

reflector, which is then cured.

[0205] Phosphor is made by mixing a fluorescent material represented by general

formula (Y0.8Gd0.2)3AlSOl 2:Ce capable of emitting yellow light of relatively short

wavelength and a fluorescent material represented by general formula

(Y0.4Gd0.6)3A15012:Ce capable of emitting yellow light of relatively long wavelength

prepared as follows. Namely, rare earth elements of Y, Gd and Ce are solved in acid in

stoichiometrical proportions, and coprccipitating the solution with oxalic acid. Oxide of

the coprecipitation obtained by firing it is mixed with aluminum oxide, thereby to obtain

respective mixture material. The mixture is mixed with ann‘nonium fluoride used as a

flux, and fired in a crucible at a temperature of 1400°C in air for 3 hours. Then the fired

material is ground by a ball mill in water, washed, separated, dried and sieved.

[0206] 100 parts by weight of yellow fluorescent material of relatively short

wavelength and 100 parts by weight of yellow fluorescent material of relatively long

wavelength which are made as described above are sufficiently mixed with 1000 parts by

weight of acrylic resin and extruded, thereby to form a fluorescent material film to be

used as color converting material of about 180um in thickness. The fluorescent material

film is cut into the same size as the principal emission plane of the optical guide plate and

arranged on the optical guide plate, thereby to make a light emitting device.

Measurements of chromaticity point and color rendering index of the light emitting
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device of Example 3 which is made as dmcribed above gave values of (0.33, 0.34) for

chromaticity point (x, gt), 88.0 for color rendering index (Ra) and light emitting efficiency

of 101 m/W. Fig. 22A, Fig. 22B and Fig. 22C show emission spectra of the fluorescent

material represented by (Y0.8Gd0.2)3A15012:Ce and a fluorescent material represented

by general formula (YO.4Gd0.6)3AlSOl2:Ce used in Example ll. Fig. 23 shows

emission spectrum of the light emitting diode of Example 11. Further in life tests under

conditions of energization with a current of 60rnA at room temperature, 20mA at room

temperature and 20mA at 60°C with 90% RH, no change due to the fluorescent material

was observed. Similarly, desired chromaticity can be maintained even when the

wavelength of the light emitting component is changed by changing the content of the

fluorescent material.

Example 121

[0207] I The light emitting diode of Example 12 was made in the same manner as

in Example 1 except for using phosphor represented by general formula Y3ln50121Ce.

100 pieces of the light emitting diode of Example 12 were made. Although the light

emitting diode of Example 12 showed luminance lower than that of the light emitting

diodes of Example 1, showed good weatherability comparable to that of Example 1 in life

tcst.

[0208] As described above, the light emitting diode of the present invention can

emit light of a desired color and is subject to less deterioration of emission efficiency and

good weatherability even when used with high luminance for a long period of time.

Therefore, application of the light emitting diode is not limited to electronic appliances

but can open new applications including display for automobile, aircrafi and buoys for

harbors and ports, as well as outdoor use such as sign and illumination for expressways.
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CLAIMS:

1. A light emitting diode comprising:

an LED chip having an electrode;

a transparent material covering said LED chip, and

a phosphor contained in said transparent material and absorbing a part of light

emitted by said LED chip and emitting light of wavelength different from that of the

absorbed light;

wherein the main emission peak of said LED chip is within the range from 400 nm

to 530 um,

a concentration of said phosphor in the vicinity of said LED chip is larger than a

concentration of said phosphor in the vicinity of the surface of said transparent material,

and

said phosphor diffuses the light from said LED chip and suppresses a formation of

an emission pattern by a partial blocking of the light by said electrode.

2. The light emitting diode according to claim 1, wherein said LED chip

comprises a sapphire substrate.

3. The light emitting diode according to claim 1, wherein said LED chip emits

a light having a spectrum with a peak in the range from 420 to 490 mn, said phosphor

emits light having a spectrum with a peak in the range from 510 to 600 run and a tail

continuing beyond 700 nm, and said spectrum of the light emitted from said phosphor and

said spectrum of the light emitted from said LED chip overlap with each other to make a

continuous combined spectrum.
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4. The light emitting diode according to claim 3, wherein said spectrum of the

light emitted from said phosphor has a peak in the range from 530 to STU mm and a tail

continuing beyond 700 Inn.

5. The light emitting diode according to claim 3, wherein a color of said

combined Spectrum is white.

6. The light emitting diode according to claim 1, wherein said phosphor

comprises two or more kinds of fluorescent materials.

7. The light emitting diode according to claim 1, wherein said phosphor

comprises an yttriuin-ahnninum-garnet fluorescent material containing Y and A1.

8. The light emitting diode according to claim 1, wherein said phosphor has a

crystal structure.

9. The light emitting diode according to claim 1, wherein said LED chip

comprises a light emitting layer of single quantum well or multi quantum well structure.

10. The light emitting diode according to claim 1, wherein said LED chip

comprises InGaN.

11. The light emitting diode according to claim 1, wherein said transparent

material is selected from the group consisting of ep0xy resin, urea resin, silicone resin and

glass.
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12. The light emitting diode according to claim 1, wherein said transparent

material contains a dispersant.

13. The light emitting diode according to claim 12, wherein said dispersant is

selected from the group consisting of barium titanate, titanium oxide, aluminum oxide and

silicon dioxide.

14. The light emitting diode according to claim 1, wherein said transparent

material contains a color agent.
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ABSTRACT OF THE DISCLOSURE

A light emitting device containing a semiconductor light emitting component and a

phOSphor, thc phosphor is capable of absorbing a part of light emitted by the light emitting

component and emitting light of a wavelength different fi'om that of the absorbed light, is

provided. A straight line connecting a point of chromaticity corresponding to a spectrum

generated by the light emitting component and a point of chromaticity con‘esponding to a

specmun generated by the phosphor is substantially along a black body radiation locus in a

chromaticity diagram.

LOWES 1002, Page 369



TCL 1002, Page 370
LOWES 1002, Page 370

' App No Docket ND.: 0020-5147PU85
Inventofi Yoshinori SHIMIZU et al.
Title: LIGHT EMITTING DEVICE AND DISPLAY

Sheet 1 of 19

 
 

 
  

 

 
MW?

204 ' 205fi

//////7////
3““ A.“\\\.

LOWES 1002, Page 370



TCL 1002, Page 371
LOWES 1002, Page 371

Docket No.: 0020-5147PU35

Title: LIGHT EMITFING DEVICE AND DISPLAY
Sheet 2 of 19

Inventor: Yoshinori SHIMIZU el al.
AppNo;

Fig. 3A

 

100

 

Relative 50
intensity I'll-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIEIII-IIIIIIIIIIIIII.HIII-IIIIIIIIIIIIIIKIIII-IIIIIIIIIIIIHIIIIIIIIIIIIIIIIHIIIIIII'll-IIIIIIUIIIIIIIIIII-IIIIISKIII-IIIIIIIIIIIIEIIIIIIIIII.-III-IInull-IIll.-IIIIII-IIIHl-IIIII

III-III...III-IIIII-IIIIIIIIIZIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIII‘NIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIHIIIIIIII-IIIIIIIIIIIHIMIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIIIII!Ill-IIIIIIIIII-IIIIEIII-IllllliIIIIIIIIIIIIIIIIIIIIIll-Illll'l-IIII'IEIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIMIIMUIII‘ll-MIIIHHHHIIIIIIIIIIHHIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIII:IIII-IIIIIIIIIIIIII III-[HI'll-III”!(‘34:)

“III  

  

0

400 500

Excitation spectrum Wavelength (,1)

300200

 
 

Relative

fig5W.Snet.m III-IIIIIIIIIIIIIIFIIIIIIIIIIIIIIIII'NII..IIIIIIIIIIIIIIIIEI'IIIIIIIIIIIIIII‘E-IIIIII-IIIIIIIIIRII-I-IIIIIIIIIIII‘NIIIIIII.IIIIIIIIIIRIIIIIIIIIIIIIIIIIIBIIIIIIIIIIllllllllilllllllllllIII-IIEIIIIIIIIIII-IIIIIINIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIBIIIIIIIIIIII-I-IIIfiIIIIIIIIIIIIIIIIIIIIIIIIIlll-IIIIIIIIIill-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-IIIHIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIII'IBMIIIIIIIIIIIIIIIIIIIIIHMIIIllllililIIIIIIIIIIHIIIIIIIIIIIIIIIIIIII'HIIIIIIIIII-IIIIIIIIIIIIIIIIIll-II'IIIIIIIIH‘IIII-IIIIII-IIIIIII'HIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIH.\II.
0yI.“

700600

Emission spectrum

500

Wavelength ( A )

LOWES 1002, Page 371



TCL 1002, Page 372
LOWES 1002, Page 372

Docket No.: 0020-5147PU55

Title: LIGHT EMITTING DEVICE AND DISPLAY
Sheet 3 of 19

Inventor: Yoshinori SHIMIZU et al.
App No.:

own

 “EsEmcmfiama‘Illlli'fil'lllell'i'.lJ
 

€28me:ofimflEm

335cm

LOWES 1002, Page 372



TCL 1002, Page 373
LOWES 1002, Page 373

DocketNUJUO205147PU55

 

   
 

   
 

 
 

 

3AIII‘

_ _hll'lllllllllllllllsmu

mIII-IIIIIIIIIIIISII:UaIll-l-IIIIIII-IIHIE...0vIII-IIIIIII-I-Iai-liIllll.'.ll.llw.fl'“-II5aIll-II-IIIIIIIEIIIII...........__n_...n.uunw“unnuuunnufifiufiunflnunuuuwnn-nIu-IIIll-I-III-IuillllulllllllIlllalllIlllIIlllllIlllllIllllll-ilIIIIIIII'NIIMIIIIIIIIll-llllfl-llll-llil-nunnfluuuunumflfiafififlfifififi
I'll:

lull-IIIIIIIIIIIIHI_mIlium-IIIIIIIIINIIIIIllllllllllulllllllumm.lax-lunlnnulnwnnlnll"n“nnnnnnnnnnnnnuu-4cmnnnnulullumxnnunlnulull-lllllllllllll- _Wall-IIIIIHIIIIIIIIIInnflnnuuuunnnnuuummms"unnumumanfiflfla:\n‘ I“unannuunnnnunmuflnm"M“nnnunfimmnuumfi..mflnnuufiuflnnuannu“mmnil-lullllullll-III:3El'nI-I'IIII'IIIIIII!  IIIIIHIIIIIIIIIIIII!IIIIIIIHIIIIIIIIIII:IIIIIIIIIIHUIIIIIIIIIII-IlllllllihflllflliIII-IIIIIIIIIIIIHIIEIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIII!§IIIIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIE  

IIIIIIIIIIIIIMIIIBEIIIIIIMIIIMHHHJlu—HNIIIIIJHHHHHFIIIIIIIIIIHIIIIIIIIIIIII-IIIIIanllIIIIIIIIIIIIIIII

  

200

LOWES 1002, Page 373

700

Wavelength ( .1 )

600

Emission spectrum

500400

Title: LIGHT EMITTING DEVICE AND DISPLAY
Inventor: Yoshinori SHIMIZU et al.
App No.:

Sheet 4 of 19

Fig. 5A

Relative 50
intensity

(%)

Fig.5B
100

Relative

intensity 50

(%)



TCL 1002, Page 374
LOWES 1002, Page 374

Docket No: 0020-514?PU85

6

'fifle: LIGHT EMITTING DEVICE AND DISPLAY
Sheet5cfi19

Inventor: Yoshinori SHIMIZU et al.
AppNo;

’9F

 
 

 IIIllllI-IIIIIIIIIIIIIIIIIIIWWII-IIIIIII-I-IIIIIII-IIIIII-IIIIIIIIIIIIIIRHIIIIIIIIIIIIIIIIII-IIIIIIIIIIII-IIIIIIIIII.HIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIIIHEIIIII'll-III.IIII...-IIIIIIIIIIIIIIIIHWIIINIIHIIIIIIIIIIII;
 

IIIIIIIIIIIIIIIIIIIIIIIII'HIIIEIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIKIIIIIIEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'EIIIIIIIIIIIIIIIIII.I‘ll-IIIIIIIIIIIIIIIIIKIIIIIIIIIEIIIIIIIIIIIII-IIIIIIIIIIIIIIImIIRIIIIIIIIII'IIIIIIIIIIIII-IIIIIIIIIIIIIIIp3IEIIIIIIIIIIIISIIIIIIIIIIll-IIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIII-IIIIIIIIIIIIIIIIEIall-IIIIIIIIIEIIIIIIII.-IIIIII.IIIIIIIIIQUFILIIIIIIIIIIIIIIIIIIIII.-IIIIIIIIIIII.IIEQIKJI'll-IIIIIIIIIEIIIIIII.IIIIIIIIIIIIIIIEBIII'HIIIIIIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIHNIIIIIIH‘IIIIIIIIIIIIEIIIIIIIIliIIIII-IIBWLII-IIIIIIII-IIIIIIIIIIIIIIIIII-III...IE‘FZIIIIIIII'UIIIIIIIIIIIEIIIIIIII-Ill...fl..IlIIIIIIIIIU‘IIIIIIIIIIIIII.IIIIIIIIIILII[LIIUIIIIIIIIIVJIIIIIIIIIEIIIIIII-I'll.-IFIIIIIII'UIIIIIIIIIIHIIIIIIIIEIIIII'll-IIEIIIIIIIIIIU-III-IIIIIHIIIIIIIIEIIIIII...“III--III-fill-IIIIIII'IIIIIIIEIIIIII-II.IIIIIIIII-IIIifllIIIIIIIIIFUIIIIIIIIIIII-l.Ill-IIIll.IllIIHIIIIIIIIIIIhllllillIIII-IIIIIIIIIIIIII...IIEIIIIIIIIIIIVIIIIIIIIIII.lfl'III.III-III'll-IIIK‘IIIIIIIIIIIHIIIBIIIIIIE.IIIIII'll-III.III-IIKAIIIIIIIIIIIB‘IIII.III-IIIIIIIIIII'IIIIIIIIIIFJIIIIIIIIIIIYIME.I.IISIIIIIIIIIll-IIIIII.IIIIIFIIIIIIIIIIIIIDI_IIIEIIIIIIIII-IIIIIIIIIIIIIIIIVIIIIIIIIHHIHIJ"El-IIIIIIIIIIIIIIIIIIII-IIIIFJIHHIIIINHI_
2

 

 
 

0inIIIIlls-IIIIIIIIIIIIIIII-fill-linu-0I5all-lllllllll0III-llllllrrunulntoll6IrillllllIllll0Ill-lllllulmnmlllIII-nulmmuIlllll5llmlIJHHMII-l-IIIaIIIInlllllllnnuuunuluinull-IIIIIIIIIIIIIll-ll.87fl5.4..321.Q0.0O.00.00
II4..

 
0.5 0.6 0.7

LOWES 1002, Page 374

0.40.30.2

420

0.1;.



TCL 1002, Page 375
LOWES 1002, Page 375

App No; Docket No.: 0020-514?PU85
Inventor. Yoshinori SHIMIZU et al.
Title: LIGHT EMI'ITING DEVICE AND DISPLAY

Sheet 6 of 19

 
705 704 703

706 707 701 702

   
 
 

 

 

 

  

'W__—————’/"Illl

\\\\\\«nVIII/IIIIIII'I/JIIIIII'IIIIIIIIIIIII
705 704

 
 

 
 “flux[ENmaRES§u
 

702

namingflammaé;
703

705 704

LOWES 1002, Page 375



TCL 1002, Page 376
LOWES 1002, Page 376

runn-q-n-n-nn-u—n--u——

App No: Docket No.: 0020-5147PUS5
Inventor: Yoshinori SHIMIZU et al.
Title: LIGHT EMITTING DEVICE AND DISPLAY

Sheet 7 of 19

Fig. 10 601

LED dispiay unit

Image data memory Gradation control unit

(HAM) (CPU)
 

LOWES 1002, Page 376



TCL 1002, Page 377
LOWES 1002, Page 377

App No; Docket No.: 0020—5147PU55
Inventor: Yoshinori SHIMIZU et al.
Title: LIGHT EMI'I'I'ING DEVICE AND DISPLAY

Sheet 8 of 19

Fig. 1 1 505 -

. O 00 CO
501 00 OO 00

00 OO 00

OO 00 OO '

OO 00 OO

5.06 00 OO 00 504

 
LOWES 1002, Page 377



TCL 1002, Page 378
LOWES 1002, Page 378

App No.: Docket No.: 0020-5147PU85
Inventor: Yoshinori SHIMIZU et al.
Title: LIGHT EMITTING DEVICE AND DISPLAY

Sheet 9 of 19

Fig. 13A Life test
If=20mA Ta=25°C

120

100

Relative 80

power 60

PM
40

20

 
0 200 400 600 800 1 000

Lighting time (H)

F’9' 133 Life test
lf=20mA Ta=60°C 90%RH

120

100

. ‘ ‘
Relative 80

power 60

(”4?)

o 200 400 600 300 1000

Lighting time (H)

LOWES 1002, Page 378



TCL 1002, Page 379
LOWES 1002, Page 379

App No.: Docket No: 0020-5147PU55
Inventor: Yoshinori SHIMIZU et al.

Title: LIGHT EMITTING DEVICE AND DISPLAY
Sheet 10 of 19

Fig. 1 4A

Weathering test

Brightness

holding rate

0%) 40

20
 

200 400 ‘500

Time (hr)

Fig. 148

0-38

0.34

Y 030 ' 
0.24 0.28 0.32 0.36

LOWES 1002, Page 379



TCL 1002, Page 380
LOWES 1002, Page 380

App No.: Docket No.: 0020-5147PU85
Inventor: Yoshinori SHIMIZU et al.
Title: LIGHT EMITI'ING DEVICE AND DISPLAY

Sheet11of19

Fig. 15A
Reliability teSt

 
120

100

80

Brightness

holding rate

(“/o)
40

20

0
500 1000

Time (hr)

Fig. 155

0.38

0.34

0.30 
0.26

0.24 0.28 0.32 0.36

LOWES 1002, Page 380



TCL 1002, Page 381
LOWES 1002, Page 381

Fig.16

App No.: Docket No.: 0020-5147PU85
Inventor. Yoshinori SHIMIZU et al.
Title: LIGHT EMITTING DEVICE AND DISPLAY

Sheet 12 01'19

E.1:
o.
(D
o
1:

EL
(3
<
>_ 

LOWES 1002, Page 381



TCL 1002, Page 382
LOWES 1002, Page 382

Fig.17

App No: Docket No; 0020-5147PUS5
Inventor: Yoshinori SHIMIZU et 6!.
Title: LIGHT EMI'ITING DEVICE AND DISPLAY

Sheet 13 of 19

4—:
C
(DH
C

8 a

_A
(DC)
ECO
O.
(D
O

.I':
D. Phesphercontent 

LOWES 1002, Page 382



TCL 1002, Page 383
LOWES 1002, Page 383

Docket No.: 0020-5147PU55

Title: LIGHT EMITTING DEVICE AND DISPLAY
Sheet 14 of ‘19

Inventor: Yoshinori SHlMlZU at 3!.
App No.2

 

 
Onvn.0e000876543m40|0QAOAV35:25923mm

Wavelength (nm)

 

 

 

089AA

7.6:.5     

00000004321.9293% -_r-30
803 680 730630

Wavelength (nm)

LOWES 1002, Page 383



TCL 1002, Page 384
LOWES 1002, Page 384

  

680

  
11L-601“.“U0033W66m.m

0

20mam.mmv.55NMm.aolen...aD0603|3mD595NVLA38Ewmm.uw7%mE‘1.NW4IIIIIIII4HN-..--l_‘
5]

.WWQnu'lfllllllur%.-Mmmew‘4mmmB.0.thooNmmm0000%we”pel00000000000000WmmsWQ987654321010987654mm10n\av£395@5ng

Ga@395wzfimm
.@F

730

___________W________=..====§_______=_m_______=_a.I“%

Wavelength (nm) 
0'8

000000000003mg87654321\33:25m>=m_om
Wavelength (nm)

LOWES 1002, Page 384



TCL 1002, Page 385
LOWES 1002, Page 385

Docket No; 0020-5147PU85

Title: LIGHT EMITTING DEVICE AND DISPLAY
Inventor: Yoshinori SHIMIZU et at.

Sheet 16 of 19

App No.:

 

mm

_________g___=_Eng—=—REE——unnum—iii;5:.—
 

 “-
580 630530

Waveiength (nm)

0n04

 

730.680

 

 

 

 730680

 

 

 

 

 

 

 
Wavelength (nm)

LOWES 1002, Page 385



TCL 1002, Page 386
LOWES 1002, Page 386

Docket No; 0020-5147PU85

Title: LIGHT EMITFING DEVICE AND DISPLAY
Sheet 17 of 19

Inventor: Yoshinori SHIMIZU et al.
App No.:

‘ 730

730

730

_________!_________=_________s

680

680

680

630

630

630

580

Waveiength (nm)

580

O\l‘uhaveka-ngth (n m)

580

 

 

________=_________m_on--mm__.__m
:0

00000—9876543210\E895353m.
530

Wavelength (nm)

  
 

"IflIIIIIn-W—————_gwpu____—___-—H8.1.8
2

38'0

A00000000003310987654321000000000000
21

no\ov33:35933.9“..

 
1

“RV33:25m>=m_mm_.
H@.27Cm

100

LOWES 1002, Page 386



TCL 1002, Page 387
LOWES 1002, Page 387

Docket No.: 0020-5147PU85

Title: LIGHT EMITI'ING DEVICE AND DISPLAY
Inventor: Yoshinori SHIMIZU et al.

Sheet 18 of 19

App No:

 

 

 

 
580 630 680 730530

00000000003
0

0987654.321
1:

A2

23bag:Siammm”.
F

 
 

 

  
2......—i=5...REE.—m.m.____.__

m,

m''I.

HW____......M.M
4B

n25000000000004.40..987.654321.3£8252:ng
680 730630350003

0Weawelength (nm)Hg.2fl3m

0

-----M-----e_-__-_E‘Ill---_M-III-Ill!
00

 
630'580

480Wamalength (nm)

 

 

 

0000398765432w0:03“.225952mm
'1$lll—

LOWES 1002, Page 387



TCL 1002, Page 388
LOWES 1002, Page 388

Fig.23

100

App No.: Docket No.1 0020-5147PU85
Inventor: Yoshinori SHIMlZU et a].

Title: LIGHT EMITTING DEVICE AND D1SPLAY
Sheet 19 of 19

400450500550600650700750 Wavelength(nm)

350
C) O
(D ‘d' 20

0O
[D

Relative intensity (%)

LOWES 1002, Page 388



TCL 1002, Page 389
LOWES 1002, Page 389

 

   BIRt ESTEWART, KOLASCH & Br. H,LLP
' COMBINED - fizmnanon AND rowan or arrow}. 5 ATTORNEY ”03m”0'

y'mwmmm‘ FOR PATENT AND DESIGN APPLICATIONS 2 0 _. 4 2 6 UP' COMMIT-ll!

‘ mLLowmc: As a below named inventor. I hereby declare that: my residence, post office address and citizenship are
l- as stated next to my name; that I verily believe that I am the original. first and sole inventor (if only one

inventor is named below) or an original. first and joint inventor (if plural inventors are named below) of the
subject matter which is claimed and for which a patent is sought on the invention entitled:*

n: Insert rme fl LIGHT EMI‘m‘ING DEVICE AND DISPIAY 

 

  

 

Check Box If
alarm-mate-

:‘rm‘m “““m‘” the 'specification of which is attached herebo unless the following box is checked:
audio-1m ' C] was filed on ___c_._____._._____.______.____ as United

::___ States ApplicationNumbeer‘
‘ PCT International ApplicationNumww

and was amendednow(if applicable).

5; I hereby state that I have reviewed and understand the contents of the above identified specification.
§ including the claims, as amended by any amendment referred to above.
:- I acknowledge the duty to disclose htformation which is material to patentability as defined in Title 37,
=_ Code of Federal Regulations. §l.56.
f. , I do not know and do not believe the same 'was ever brown or used in the United States of America

; before my or our invention thereof, or patented or described in any printed publication in any country before
my or our invention thereof. or more than one year prior to this application, that the same was not in public

-’= use or on sale in the United States of America more than one year prior to this application, that the invention
has not been patented or made the subject of an inventor'sccrtificate issued before the date of this application

j in any country foreign to the United States of America on an application filed by me or my legal
representatives or assigns more than twelve months (six months for designs) prior to this application. and that

‘5 no application for patent or inventor's certificate on this invention has been filed in any country foreign to the

; 1United States of America prior to this application by me or my legal representatives or assigns, except as‘ ollows.

' I hereby claim foreign priority benefits under Title 35, United States Code. §ll9 (a)-(d) of any foreign
application(s) for patent or inventor's certificate listed below and have also identified below any foreign
application for patent or inventor's certificate having a filing date before that of the application on which
priority is claimed:

Prior Foreign Application(s) _ Priority Claimed

W? P 08-198585 Japan 07/29/193? l3] I3
(ltapprepriate) fl (Number) (Country) (Montthaleear Fried) Yes No

P 08-244339 . Japan 09/17/1996 _. [I
(Number) (Country) (Montthanyear Filed) Yes No

P 08-245381 Japan 09/18/1996 m D
WW m— ch No

3 - P Elli—359004 Japan 1212711996 [KI CI
g (Number) (Country) (MonddDanyear Filed) Yes No

i P 09—081010 Japan 03/31/1997 i3] CI
(Number) (Country) (MondtDanycar Filed) Yes No

§ I hereby claim the benefit under Title 35. United States Code, § 119(e) of any United States previsional
i application(s) listed below.

 
(Appiicalitm Number) (Filing Date}

(Application Number} [Filing Date)

All Foreign Applications, if any, for any Patent or Inventor’s Certificate Filed More Than 12 Months (6
Months for Designs) Prior To The Filing Date of This Application:

Country Application No. Date ofFiling NonthtDayf‘l’car}

   

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s)
listedbelow and, insofar as the subject matter of each of the claims of this application is not disclosed in the

a prior United States application in the manner provided by the first paragraph of Title 35, United States Code,
§112, I acknowledge the duty to disclose information which is material to patentability as defined in Title 37,
Code of Federal Regulations, §1.56 which became available between the filing date of the prior application
and the national or PCT international filing date of this application:

__ (Application Number) (Filing Date) (Scam H- patented. pending. abandoned]
\ mmmmmm

LOWES 1002, Page 389



TCL 1002, Page 390
LOWES 1002, Page 390

.._.w-.-m..a.na_.w....,.,........._,.w..—............._................_.........

  
._ 20—4260P

+‘ J I hereb}r at. it the following attorneys to prosecute application addict an international
‘application based ' his application and to transact all busir in the Patent and Trademark Office
connected therewith Iiid in connection with the resulting patent - on instructions received from the
entity who first sent the application papers to the attorneys identified below. unless the inventor(s) or
assignee provides said attorneys with a written notice to the contrary:

.: RAYMOND C. STEWART (Reg. No. 21.066) TERRELL C. BIRCH (Reg. No. 19.382)
JOSEPH A. KOLASCH (Reg. No. 22.463) ANTHONY L. BIRCH (Reg. No. 26.122)

. JAMES M. SLATI‘ERY (Reg. No. 28,380) . BERNARD L. SWEENEY (Reg. No. 24.448)
._~ W ' MICHAEL K. MU'I‘I'ER (Reg. No. 29.680)

CHARLES GORENSTEIN (Reg. No. 29.271) GERALD M. MURPHY, IR. (Reg. No. 28.9"”)
LEONARD R. SVENSSON (Reg. No. 30,330) TERRY L. CLARK (Reg. No. 32.644)
MARC S. WEINER (Reg. No. 32,181) _ ANDREW D. MEIKLE (Reg. No. 32,868)
JOE MCWEY MJNCY (Reg. No. 32.334) ANDREW F. REISH (Reg. No. 33.443}

.. C. JOSEPH FARACI (Reg. No. 32,350)

mam-m: Send Correspondence to: BIRCH, STEWART, KOLASCH AND BIRCH, LLPYOU MUST
come-rs ms P.O. Box 747

”mama Falls Church, Virginia 22040-0747
I Telephone: (703} 205-3000

Facsimile: (703) 205.3050

‘ I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true: and further that these statements were made with the

knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or
both. under Section 1001 of Title 18 of the United States Code and that such Willful false statements may

jeopardize the validity of the application or any patent issued thereon.

m“m“s"" GIVEN NAME FAMILY NAME INVENTOFI'S gamma]: . | DATE'
WEEK” Yoshinori smmzu WW Zifiwwgtv chm/1997Dir-tumult Is 5

1mWW ' Residence (City. State I'- Country} _ CITIZENSHIP
In“ “Hm-WP Hake—gun . Tokushima , Japan Japan

/
POSTOFFIGE ADDRESS (0 let SmtAddress'ncIud‘ C'ty.SIate&Count I

1mm" c: o Nichia Kagé'fi Eogyo Kabuki-Iii? kaisha. 493—100, Oka, Kaminakadao,
. Anan~shi 'IUKUSHIMA 7'74 JAPAN

$33.35;?“ GWEN NAME FAMILY we INVENTOR‘S SIGNATURE DATE'
mm“ Kensho SAKANO 07/22/1997 

Residence (City. State 8t Country)

Anah-shi , Tokushima, Japan
POSTOFFICEADUHESS l 31 ddl'ESSl C' . ll &CO .

c/o Nichia MEEEWQAW'11mm” mafia. Tall—100. aka, Kannnaltadio,
hnam—shi, sonogram .774 WAN

FEW]““1: m.‘5"," GWEN NAME FAMILY WE INMENrOH's SIGNATURE DATE'
Yasumbu nocucm , 07/22/1991see above . _ J . 0.6.14; all-9CI.

Residence (City. State 8. Country) CITIZENSHIP

Malta—91m, Tokushima, Japan

POSTOFFICEADDRESS Com Sire Add I at I 01 . tat 8| .
c/o Nichia Katgaklimfiogfzb théh‘ffl SsfiaflW—mor Oka. Kammkacho.
Enamel-ii. NKUSHIMA ”774 JAPAN

“fimufifnfi GIVEN NAME FAMILY NAME INVEN'ITJFI'S SIGNATURE one" .
Toshi . - E

......“ 0 MOMMI .7553... Hm» own/199?
Residence (City. State 8: County) / CITIZENSHIP

Anan—shi, Tokushirra, Japan _ Japan
Posromce ADDRESS (Co let Street Address-inc! C'ty.s:ataacaun J ,

cfo Nichia Kagalifl Eogyo Kabushui‘lcmi IKaisha, 49 --100, Oka, Kanmrakacho,
Anan-shi TOKUSHIMA T24 JAPANFull Name at Filth

ImamrJl'amy: GIVEN NAME FAMILY NAME
m above

Residence (City. State 8. Country}

'Nm Must be completed pas-r 0 . . .
_dm N“ k FFICE ADDRESS {Complete Sheet Address Includlng Edy, State & Country!
slgmd.

Page 2 al 2
I1 ISP'ITI Ammd tit-um
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Electronic Patent Application Fee Transmittal

Application Number: 

Filing Date: 

Title of Invention: LIGHT EMITTING DEVICE AND DISPLAY

 

First Named InventoriApplicant Name: Yoshinori SHIMIZU

_Andrew DUHMelklen-isa Strandberg
Attorney Docket Number: 0020—5147PUSS 

Filed as Large Entityr 

Utility under 35 USC 1 1 1(a) Filing Fees 

Su b-Total in

Descrlptlon Fee Code Quantlty Amount USDl5} 

Basic Filing:

Utility Search Fee 

Utility Examination Fee 

 

Miscellaneous-Filing:
 

Petition:

 
Patent-AppeaIs-a rad-Interference:
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Post-Allowa nce—and-Post-lssuance:
 

Extension-of—Time: 
Miscellaneous:
 

Total in USD (5) 1090 
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Electronic Acknowledgement Receipt

Application Number: 12548618
 

International Application Number:
 

Confirmation N um ber:

Title of Invention: LIGHT EMITTING DEVICE AND DISPLAY

First Named InventoriApplicant Name: Yoshinori SHIMIZU

Customer Number: 02292

 

Filer: Andrew DuffMeikle/Lisa Strandberg
 

Filer Authorized By: Andrew DuffMeikle

Receipt Date: 27—AU 6—2009
 

Filing Date:
 

Time Stamp:

Application Type: Utility under 35 USC iiiia]

Payment information:

 
 

Submitted with Payment yes

Payment Type Deposit Account
 

Payment was successfully received in RAM 5 1090

RAM confirmation Number 10524
  

Deposit Accou nt 022448

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

 

Charge any Additional Fees required under 37 C.F.FL Section 1.16 {National application filing. search, and examination fees]

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees}

L0’WESI002,Page ‘
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

File Listing:

Document Document Descri tion File SizelByteslr' Multi Pages
Number P Message Digest Part hzip (ifappl.)

3"?6221

TransmittallDS.pdf
ll'Jl kd"; {bi}! Il'blB‘thDoJermfitlQbk‘lUJ

7mm

Multipart Descriptiom'PDF files in .zip description 

Document Description

Miscellaneous Incoming Letter

Transmittal of New Application
 

Transmittal Letter
 

Information Disclosure Statement (IDS) Filed [SB/08]

Miscellaneous Incoming Letter

Warnings: 

Info rmation:

_ _ _ _ 365450?
SpecificationDeclarationDrawm

gs.pdf L‘IC'JZtL‘I ILIdtl‘J-Ifli: EWJdJJIBIMdL-uztb
3 I75 i

Multipart Descriptiom'PDF files in .zip description 

Document Description

Specification

 

 

Drawings-only black and white line drawings

Oath or Declaration filed

Warnings: 

Info rmation:

Fee Worksheet [PTO-875} fee-info.pdf
"l MmlcUflJ-lfiflcb 3 LIAM b2 "I'Dd fc-al‘Jl {1|

3 Idrlfl

Warnings: 

Info rmation:
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Total Files Size (in bytesll 4463611 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53Ibl-{dl and MPEP 506], a Filing Receipt (37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371

Ifa timely submission to enter the national stage ofan international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTIDOIE01'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO asa Receiving Office

Ifa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP1810], a Notification of the International Application Number

and ofthe International Filing Date (Form PCTIROH 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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Electronic Acknowledgement Receipt

Application Number: 12548618
 

International Application Number:
 

Confirmation N um ber:

Title of Invention: LIGHT EMITTING DEVICE AND DISPLAY

First Named InventoriApplicant Name: Yoshinori SHIMIZU

Customer Number: 02292

 

Filer: Andrew DuffMeikle/Lisa Strandberg
 

Filer Authorized By: Andrew DuffMeikle

Receipt Date: 27—AU 6—2009
 

Filing Date:
 

Time Stamp:

Application Type: Utility under 35 USC iiiia]

Payment information:

 
 

Submitted with Payment yes

Payment Type Deposit Account
 

Payment was successfully received in RAM 5 1090

RAM confirmation Number 10524
  

Deposit Accou nt 022448

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

 

Charge any Additional Fees required under 37 C.F.FL Section 1.16 {National application filing. search, and examination fees]

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees}
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

File Listing:

Document Document Descri tion File SizelByteslr' Multi Pages
Number P Message Digest Part hzip (ifappl.)

3"?6221

TransmittallDS.pdf
ll'Jl kd"; {bi}! Il'blB‘thDoJermfitlQbk‘lUJ

7mm

Multipart Descriptiom'PDF files in .zip description 

Document Description

Miscellaneous Incoming Letter

Transmittal of New Application
 

Transmittal Letter
 

Information Disclosure Statement (IDS) Filed [SB/08]

Miscellaneous Incoming Letter

Warnings: 

Info rmation:

_ _ _ _ 365450?
SpecificationDeclarationDrawm

gs.pdf L‘IC'JZtL‘I ILIdtl‘J-Ifli: EWJdJJIBIMdL-uztb
3 I75 i

Multipart Descriptiom'PDF files in .zip description 

Document Description

Specification

 

 

Drawings-only black and white line drawings

Oath or Declaration filed

Warnings: 

Info rmation:

Fee Worksheet [PTO-875} fee-info.pdf
"l MmlcUflJ-lfiflcb 3 LIAM b2 "I'Dd fc-al‘Jl {1|

3 Idrlfl

Warnings: 

Info rmation:
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Total Files Size (in bytesll 4463611 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53Ibl-{dl and MPEP 506], a Filing Receipt (37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371

Ifa timely submission to enter the national stage ofan international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTIDOIE01'903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO asa Receiving Office

Ifa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP1810], a Notification of the International Application Number

and ofthe International Filing Date (Form PCTIROH 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PTOISBH? (10-03)
Approved for use through OEBOlZIJ‘ll]. 0MB 0651-0032

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Pa elwcrk Reduction Act of1995. no . arson are re I hired to res . and to a oolleclion of iniom'iation unless it dis -la 5 a valid OMB control number

Com v fete if Known

A- -Iicati0n Number_
I—W—

  
 

  

 
  

   
 

  

  
  

  
  
  
  
  

  
  
  
  
  

  

  

  
  
 

  
  
  
  

 

Effective arr 1203:2004
Fees pursuant to the Consoi'idat'ed Appropriations Act. 2005 (HR. 4818).

FEE TRANSMITTAL . . .
First Named inventor Yoshlnorl SHIMIZU

For FY 2009 Examiner Name Not Yet Assigned

memo Ammm. commas

METHOD OF PAYMENT [check all that apply)

E! Check |:| Credit Card |:| Money Order CI None ‘:| Other (please identify}:
E] Deposit Account Deposltmun. "my; 02-2448 Demimmm Nam: Birch, Stewart. Kolascl'l & Birch. LLP

 
 

 
 

For the above-identified deposit account. the Director is hereby authorized to: (check all that apply)

'3 Charge lee(s} indicated below D Charge feeis) indicated below. except for the filing fee
Charge any additional fer-3(3) or underpayments of 13 Credit any overpaymentsfeeis) under 37 CFR1.16 and 1.1?

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

 

 

FILING FEES SEARCH FEES EXAMINATION FEES
Small Entity: Small Ent'fl Small Entig

Agglication TEE Fee mm Fee {fl Fae Fee {$1 522.111 Fees Paid {g1

Utility 330 165 540 270 220 I 10 1 .090.00

Design 220 l 10 100 50 140 70
Plant 220 1 10 330 165 170 85

Reissue 330 I 65 540 270 650 325

Provisional 220 I 10 0 0 0 0

2. EXCESS CLAIM FEES Small Entifl

mm M M
Each claim over 20 {including Reissues) 52 26

Each independent claim over 3 i: including Reissues) 220 ] 10
Multiple dependent claims 390 195

Total Claims Extra Claims Fee [5! Fee Paid m Multigle Degendent Claims
‘14 ' 20 1” HP at = 5931;} Fee Paid {fl

HP = highfil number of [trial claims paid for. it greater than 20.

Indeg. Claims Extra Claims Fee [$1 Fee Paid 15!
1 - 3 or HP = 3‘ =

 

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets ofpaper {excluding electronically filed sequence or computer
listings under 3'! CFR l.52(e}}, the application size fee due is $270 ($135 for small entity) for each additional 50
sheets or fraction thereof. See 35 UIS.C. 41(a)(l)(G) and 37 CFR ”6(5).

 
  

LOW Extra §heets flgmbgr of each additional 50 or fraction thereof Fee [fl Eta-M
79 - 100 = .50 = {round up to a whole number) x =

4. OTHER FEEiS) Fees Paid [£1

Non-English Specification, $130 fee (no small entity discount)

e):

 
  

Other (e,g., late filing surcha‘

—'_mimi‘ggjg 32,353 Telephone (703) 205-3000
NarneiPrintiTyPe) A 3]! D.Meikie Dale " 2009

 
 

  

Birch. Stewart. Kciasch a. Birch. LLP ADMiE/iéPi'las
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PTOlSBiOE {12-04)

Filing Date: 08.127109 Approved for use through Tr31t2006. OMB 0651-0032
U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid OMB control number.

  
 

PATENT APPLICATION FEE DETERMINATION RECORD Application of Docket Number

Substitute for Forth PTO—Bis 1 2’548 61 8

  

  
  
  

APPLICATION AS FILED - PART I OTHER THAN

(Column 1) {Column 2} SMALL ENTITY OF! SMALL ENTITY

— NUMBER FILED

  
  

 
 

{3TCFR1 15(0) [PI 0" I‘ll)
TOTAL CLAIMS
{3? CFR 1.160))
INDEPENDENT CLAIMS
(3? CFR 1.16011} .

-NUMBER EXTRA RATE (SI RATE ts) FEE tsI

. N... N... m...
14

minus 20 = x552O:0

x51 1 0 x3220
1 minus 3 =

If the specification and drawings exceed 100
shoals of paper. the application size fee due is
3260618010! small entity) for eadT additional
50 sheets or fraction thereof. See
35 U.S.C. 41(a}{t){G) and :1? CFR

 
 

 

  

 
 

 
 

APPLICATION SIZE
FEE

(3? CFR 1.16m)  

MULTIPLE DEPENDENT CLAIM PRESENT (3? CFR 1.16m) 390 

' if the difference in column 1 is less than zero. enter "0" in column 2. TOTAL TOTAL

APPLICATION AS AMENDED — PART II OTHER THAN

(Column 1) [Column 2) [Column 3) SMALL ENTITY OR SMALL ENTITY

  
  
  

 
CLAIMS

REMAINING
HIGHEST
NUMBER  

  

ADDI—
PRESENT ADD"   

 

 

<1: AFTER PREV] 0U SLY EXTRA RATE (s1 TIONAL RATE {:1 TTONAI.
’5 AMENDMENT PAID FOR FEE (s; FEE “I
i-I-I Total . 0R

3 We...»---— [—-
2 Independent

2 r3? CFR 1.15m}; OR
4 Application Size Fee (37 CFR 116(5)} ——

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.150)} OR WA _

TOTAL OR TOTALADD'T FEE ADD‘T FEE

(Column 1} {Column 2} (Column 3) 0R

  
  
  

  

 

 

 
  
 

 
CLAIMS HIGHEST

  
 

  

ADDI— ADDI-

 

 

 

REMAINING NUMBER PRESENT

a: AFTER PREVIOUSLY EXTRA RATE ‘5’ 12):; RATE ‘5’ Egg:
5 AMENDMENT PAID FOR

g Total ORo O? CFR 1.1er);

g Independent
5 (:37 CFR 1.15mi) on

4 Application Size Fee (3? CFR 1.1615» __

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (3r CFR 1.1 out} on NIA -

TOTAL OR TOTALADD'T FEE ADD'T FEE

' If the entry in column t is less than the entry in column 2. write ‘0' in column 3.
" If the ”Highest Number Previously Paid For” IN THIS SPACE is less than 2D. enter '20'.
“' If the 'Highest Number Previously Paid For IN THIS SPACE is less than 3. enter '3'-

Tha “Highest Number Previously Paid For [Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 3? CFR 1.16. The information is required to obtain or retain a benefit by the public which is to tile [and by the
USPTO to process] an application. Confidentiality is governed by 35 U.S.C. 122 and 3? CFR 1.14. This collection is estimated to take 12 minutes to complete.

including gathering. preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form andtor suggestions for reducing this burden. Shoutd be sent to the Chief lntormation Officer. U.S. Patent
and Trademark Office. U.S. Department 0! Commerce. P.0, Box 1450. Alexandria. VA 223134450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450. Alexandria. VA 22313-1450.

 

tfyou need assistance in completing the fonn. cell t-BDO-PTO—Qtss and select option 2.
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