Case 5:185-cv-00545 Document 5 Filed 03/23/16 Page 1 of 1 Page ID #1785

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Central District of California on the following
D Trademarks or & Patents. ( D the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
March 23, 2016 Central District of California
PLAINTIFF DEFENDANT
Nichia Corporation VIZIO, Inc.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 7,901,959 March 8, 2011 Nichia Corporation

2 7,915,631 March 29, 2011 Nichia Corporation

3 8,309,375 November 13, 2012 Nichia Corporation

4 7,855,092 December 21, 2010 Nichia Corporation

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
|:| Amendment D Answer D Cross Bill D Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director = Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director = Copy 4—Case file copy

American LegalNet, Inc. PR
woww Forma Work Flow com \

23739027.1
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Case 8:15-0v-01883-DMG-KES  Document 14 Fied 03/23/18 Page 1 of 1 Page iD #4171

AQO 120 (Rev. 08/10%

TO:

Miail Stop 8 REPORT ON THE
Birector of the .S, Patent and Trademark Oifice FILING OR DETERMINATION OF AN
P.O. Box 1430 ACTION REGARDING APATENT OR
Alexandria, VA 22313-1450 TRADEMARK

in Compliance

with 35 U.5.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has besn

filed in the U.S. District Court Central District of California on the following
] Trademarks or ] Patents.  ( ] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U8 DISTRICT COURT
SACVIH-1963-DMG-KESxX 11/23/2015 Central District of California
PLAINTIFF DEFENDANT

VIZIC, Inc. Vizo, inc.

PATENT OR DATE OF PATENT OISR (FF P AT RADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!

1 4621356 10/14/2014 VIZIO, Inc.

2 4053025 11/8/2011 VIZIO, Inc.

332358417 472472007 VIZIO, Inc.

4 4368035 TI6/2013 VIZIO, Inc.

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
1 Amendment [ Answer [ Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT . - D AT R ADEMARK
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OF TRADEM:

i

2

4

5

In the above

----- entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
Plaintiff's Notice of Dismissal Pursuant to Federal Rules of Civil Procedure 41{a) or (¢) filed

3/21/2016.

CLERK

KIRY K. GRAY

(BY) DEPUTY CLERK. DATE
G. Kami 3/23/2016

Copy I—Upon initiation of action, mail this copy to Birector  Copy 3—Upon termeination of action, mail this copy to Birector
{opy 2—Upon filing document adding patent(s), raail this copy o Birector Copy 4—Case file copy

TCL 1002, Page 2



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/548,618 03/29/2011 7915631 0020-5147PUSS 7447
2292 7590 03/09/2011
BIRCH STEWART KOLASCH & BIRCH
PO BOX 747

FALLS CHURCH, VA 22040-0747

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 90 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Yoshinori SHIMIZU, Naka-gun, JAPAN;
Kensho Sakano, Anan-shi, JAPAN;
Yasunobu Noguchi, Naka-gun, JAPAN;
Toshio Moriguchi, Anan-shi, JAPAN;

IR103 (Rev. 10/09)

TCL 1002, Page 3



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eaper_s. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

2292 7590 01/25/2011 Certifs £ Mail T
ertificate of Mailing or Transmission
BIRCH STEWART KOLASCH & BIRCH, LLP 1 hcreblgl certify that this Fec(st) Transmittal is being deposited with the United
PO BOX 747 S(tjz(ljtres %stal Stﬁrvic]\gai\fitsh sufllscé%l]t3 pg]sst%ge ggﬁ first lglass mailbin an anelo;ie
addressed to the to] address above, or being facsimile
FALLS CHURCH, VA 22040-0747 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
{Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUS5 7447
TITLE OF INVENTION: LIGHT EMITTING DEVICE AND DISPLAY
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 04/25/2011
| EXAMINER I ART UNIT | CLASS-SUBCLASS |
TRINH, MICHAEL MANH 2822 257-098000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list i .
CFR 1.363). : 1Birch Stewart Kolasch & Birch, LLP
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . 2
(2) the name of a single firm (having as 2 member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an a lgilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
NICHIA CORPORATION Anan-shi, JAPAN

Please check the appropriate assignee category or categories (will not be printed on the patent) : () Individual Xl Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s); (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
(X publication Fee (No small entity discount permitted) 4 Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number _02-2448 (enclose an extra'copy of this form).

5. Change in Entity Status (from status indicated above) =~
da Applicant claims SMA}#?ENT}ZY?&QI}}&Q\SW? ) b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)2).

NOTE: The Issue Fee and Pubfication\Fee (if reddired) yill n % accgpted from anyone other than the applicanl; a registered attorney or agent; or the assignee or other party in
interest as shown by the record\of the {Jhited Ftates Pafent apd Trademark Office.
C 4 .
Authorized Signat \ . Date  February 22, 2011
Typed or printed name D. Richard Anderson Registration No. __ 40,439

This collection of information is required by 37 CFR 1.311. The information is recLuired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 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 va.(rhy de endin§ upon the individual case. Any comments on the amount of time you require to com%lete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

W
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Electronic Patent Application Fee Transmittal

Application Number:

12548618

Filing Date:

27-Aug-2009

Title of Invention:

LIGHT EMITTING DEVICE AND DISPLAY

First Named Inventor/Applicant Name:

Yoshinori SHIMIZU

Filer:

David Richard Anderson/Nadine Beasley

Attorney Docket Number:

0020-5147PUS5

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300

TCL 1002, Page 5



Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1810

TCL 1002, Page 6



Electronic Acknowledgement Receipt

EFSID: 9493791
Application Number: 12548618
International Application Number:
Confirmation Number: 7447

Title of Invention:

LIGHT EMITTING DEVICE AND DISPLAY

First Named Inventor/Applicant Name:

Yoshinori SHIMIZU

Customer Number:

02292

Filer:

David Richard Anderson/Nadine Beasley

Filer Authorized By:

David Richard Anderson

Attorney Docket Number:

0020-5147PUS5

Receipt Date: 22-FEB-2011
Filing Date: 27-AUG-2009
Time Stamp: 15:56:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1810

RAM confirmation Number 2621

Deposit Account 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.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

TCL 1002, Page 7




Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

92031
1 Issue Fee Payment (PTO-85B) IssueFeeTransmittal.pdf no 1

dcdb303c43cfca383386ee33520c53ab3e7
84462

Warnings:

Information:

32112
2 Fee Worksheet (PTO-875) fee-info.pdf no 2

bfc8818b52b391bb0df859300ac654ee9c8|
6491

Warnings:

Information:

Total Files Size (in bytes); 124143

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

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) 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 of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/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 as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.

TCL 1002, Page 8



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

2292 7590 01/25/2011 | EXAMINER |
BIRCH STEWART KOLASCH & BIRCH TRINH, MICHAEL MANH
PO BOX 747 | ART UNIT PAPER NUMBER |

FALLS CHURCH, VA 22040-0747 —

DATE MAILED: 01/25/2011

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUSS 7447
TITLE OF INVENTION: LIGHT EMITTING DEVICE AND DISPLAY

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 04/25/2011

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

2202 7590 01/25/2011
Certificate of Mailing or Transmission
BIRCH STEWART KOLASCH & BIRCH I hereby certify that this Fee(s) Transmittal is being deposited with the United
PO BOX 747 States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
FALLS CHURCH, VA 22040-0747 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUS5 7447
TITLE OF INVENTION: LIGHT EMITTING DEVICE AND DISPLAY
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 04/25/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TRINH, MICHAEL MANH 2822 257-098000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 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 v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUS5 7447
2292 7590 01/25/2011 | EXAMINER |
BIRCH STEWART KOLASCH & BIRCH TRINH, MICHAEL MANH
PO BOX 747 | ART UNIT PAPER NUMBER |

FALLS CHURCH, VA 22040-0747 —

DATE MAILED: 01/25/2011

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 90 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 90 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101  or
(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

. . 12/548,618 SHIMIZU ET AL.
NOtlce Of Allowablllty Examiner Art Unit
Michael Trinh 2822

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to August 27, 2009.
2. X The allowed claim(s) is/are 1-14.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)iJ Al b)[JSome* c)[INone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date _____.
(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. X Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. X Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date See Continuation Sheet
4. [J Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other )

/Michael Trinh/
Primary Examiner, Art Unit 2822
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110118
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Continuation Sheet (PTOL-37) Application No. 12/548,618

Continuation of Attachment(s) 3. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 8/27/09; 12/4/09; 7/13/10;
11/1/10; and 12/30/10.
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Application/Control Number: 12/548,618 Page 2
Art Unit: 2822
DETAILED ACTION

4% This office action is responsive to filling of the application on August 27, 2009. Claims

1-14 are pending.

Allowable Subject Matter
1. Claims 1-14 are allowed.
2. The following is a statement of reasons for the indication of allowable subject matter:
3. The references of record, alone or in combination, do not fairly anticipatively disclose

each and every aspect of the claimed light emitting diode, or fairly make a prima facie obvious
case of the claimed light emitting diode, in combination with other claimed limitations as recited
in base claim 1, the inclusion of having 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 nm, 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.
SR sfe e sfe sfe sje sfe sfesfe sfesfesfe sfesfesie s

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael M. Trinh whose telephone number is (571) 272-1847.
The examiner can normally be reached on M-F: 9:00 Am to 5:30 Pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Zandra Smith can be reached on (571) 272-2429. The central fax phone number is
(703) 872-9306.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free).

Oacs-25A-1

/Michael Trinh/
Primary Examiner, Art Unit 2822
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CB "SIMENS SMT-TOPLED fur die Oberflachenmontage" Frank Mollmer et al. Simens
Components, 29 (1991) Hfet 4.

CC  |"Proceedings of the Institute of Phosphor Society”, Translation of pages 1, 5 to 14 of the 264th
Proceedings of the Institute of Phosphor Society, Nov. 29, 1996.

CD  |"Nichia Chemical starts the sample shipment of white light emitting diode”, News Report,
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CF "Phosphors Based on Rare-Earths, A New Era in Fluorescent Lighting”, B.M.J. Smets,
Materials Chemistry and Physics, 16 pp. 283-299 (1987)

CG {"A New Phosphor for Flying-Spot Cathode-Ray Tubes for Color Television: Yellow Emitting..",
G. Blasse et al., App. Phys. Lett. Vol. 11, No. 2, pp. 53-55 (1967)

CH Y. Nayatani, Color Research & Application, Vol. 20, No. 3, June 1995, pp. 143-155.

Cl WUSTLICH MIKRO-/OPTO-ELEKTRONIK GMBH (1994/1995)

CJ W.W. Holloway, Jr. et at., "Optical Properties of Cerium-Activated Garnet Crystals", 1969
Journal of the Optical Society of America, Vol. 59, No. 1, pp. 60-63

CK W.W. HOLLOWAY, Jr. et al., "On The Fluorescence of Cerium - Activated Garnet Crystals”,
Physics Letters, Vol. 25A, No. 8, 23 October 1967, pp. 614-615.

CL W.J. MINISCALCO et al., "Measurements of Excited-State Absorption in Ce3+:YAGa)", J.
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CM  |Takashi MATSUOKA et al., "Growth and Properties of a Wide-Gap Semiconductor inGaN",
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CN [Tadao MIURA, ELECTRONICS ENGINEERING, "High-intensity White Backlighting for LCD of
Car Audios", July 1996, Vol. 38, No. 7, pp. 55-58

CO |T. NAGATOMO et al., "Ga1-xInxN Blue Light-Emitting Diodes", Proc. Electrochem. Soc.,
1993, Vol. 93-10, pp. 136-141.
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CS Shuji NAKAMURA et al., "Si-Doped InGaN Films Grown on GaN Films", Jpn. J. Appl. Phys.
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CcT Shuji NAKAMURA et al., "P-GaN/N-InGaN/N-GaN Double-Heterostructure Blue-Light-Emitting
Diodes", Jpn. J. Appl. Phys. Vol. 32 (1993), pp. L8-L11, Part 2, No. 1A/B, 15, January 1993.
Ccu Shigeo SHIONOYA et al. (editors), "Phosphor Handbook", pp. 505-508, CRC Press, 1999.
CV  |Sato et al., Japanese Journal of Applied Physics, Vol. 35, July 1, 1996, pp. L838-L839.

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

CX R. W. G. Hunt, Color Research & Application, Vol. 16, No. 3, 1991, pp. 146-165.

CY Proceedings of lllumination National Convention in 1983, page 12.

CZ Phosphor Handbook, 1st Edition, 1987, pp. 233-240 and 275-277.

CA1 |P. Schiouer et al. "Luminescence Conversion of Blue Light Emitting Diodes", Applied Physics
Letter, vol. 46, p. 417-418, February 1997

CB1 [Nikkei Sangyo Shin-bun of September 13, 1996.

CC1 |Nakamura, SPIE, Vol. 3002, pp. 26-35 (1997)

CD1 [Mitsubishi Electric Company Technical Report, Vol. 48, No. 9, 1974, pp. 1121-1124.

CE1 |M.F. YAN et al., "Preparation of Y3AI5012-Based Phosphor Powders, J. Electrochem. Soc.,
Vol. 134, No. 2, Feb. 1987.

CF1 [M. lkeda, Journal of the lllumination Society, Vol. 71, No. 10, 1987, pp. 612-617 and English
Abstract.

CG1 |M. lkeda et al., Color Research & Application, Vol. 16, No. 2, April 1991, pp. 72-80.

CH1 |M. lkeda et al., Color Research & Application, Vol. 14, No. 4, August 1989, pp. 198-206.

CH Kozo OSAMURA et al., "Preparation and optical properties of Ga1-xInxN thin films", Journal of
Applied Physics, Vol. 46, No. 8, August 1975, pp. 3432-3437.

CJ1  |Journal of the Television Society, Vol. 47, No. 5, 1993, pp. 753-764.

CK1 |J.M. Robertson, et al., "Colourshift of the Ce3+ Emission in Monocrystalline Epitaxially Grown
Garnet Layers", 1981 Philips J. Res. 36, pp. 15-30

CL1 |Hoffman, Journal of les, pp. §9-91 (1977)

CM1 [H. Shinoda et al., Color Research & Application, Vol. 18, No. 5, October 1993, pp. 326-333.
CN1 |G. BLASSE et al., "Investigation of Some Ce3+-Activated Phosphors", Journal of Chemical
Physics, Vol. 47, No. 12, 15 December 1967.

CO1 |E.F. GIBBONS et al., "Some Factors Influencing the Luminous Decay Characteristics of
Y3AI5012:Ce3+", J. Electrochem. Soc., Vol. 120, No. 6, June 1973.

CP1 |D.J. ROBBINS et al., "Lattice Defects and Energy Transfer Phenomena in Y3AI5012:Ce3+",
pp. 1004-1013, printed June 19, 2001.

CQ1 |Branko et al., Development and applications of highbright white LED lamps, November 29,
1996, The 264th Proceedings of the Institute of Phosphor Society, pages 4-16 of the English
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in U.S. Application No. 09/300,315 (U.S. Patent 6,069,440).

cD* Office Action issued March 13, 2001, in U.S. Application No. 09/458,024 (U.S. Patent
6,614,179).

CE* Notice of Allowance and Examiner's Comments on Allowance issued March 26, 2003, in
U.S. Application No. 09/458,024 (U.S. Patent 6,614,179).

CF* Office Action issued August 14, 2002, in U.S. Application No. 09/736,425 (U.S. Patent
6,608,332).

CcG* Notice of Allowance and Examiner's Comments on Allowance issued March 25, 2003, in
U.S. Application No. 09/736,425 (U.S. Patent 6,608,332).

CH* Office Action issued August 19, 2005, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

cr* Office Action issued July 27, 2007, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

CcJ* Office Action issued January 2, 2008, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

CK* Notice of Allowance and Examiner's Comments on Allowance issued February 13, 2008,

in U.S. Application No. 10/609,402 (U.S. Patent 7,362,048).

cL* Notice of Allowance and Examiner’'s Comments on Allowance issued May 4, 2005, in
U.S. Application No. 10/609,503 (U.S. Patent 7,071,616).

Office Action issued April 8, 2005, in U.S. Application No. 10/677,382 (U.S. Patent

CM* 17,026.756).

CN* Notice of Allowance and Examiner's Comments on Allowance issued September 22,
2005, in U.S. Application No. 10/677,382 (U.S. Patent 7,026,756).

co* Office Action issued February 28, 2006, in U.S. Application No. 10/677,382 (U.S. Patent
7,026,756).

cp* Notice of Allowance and Examiner's Comments on Allowance issued February 11, 2009,
in U.S. Application No. 11/682,014 (U.S. Patent 7,531,960).

ca* Office Action issued September 7, 2005, in U.S. Application No. 10/864,544 (U.S. Patent
7,126,274).

CR* Notice of Allowance and Examiner's Comments on Allowance issued March 10, 2006, in
U.S. Application No. 10/864,544 (U.S. Patent 7,126,274).

Signature MMichael Trinh/ Considered 0147/2014

"EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant's unique citation designation number (optional). ZApplicant is to place a check mark here if English language Translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /MT/
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Receipt date: 12/04/2009 12548618 - GAlU: 2822

PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

Substitute for form 1449/PTO Complete if Known
Application Number 12/548,618, Conf. #7447

INFORMATION DISCLOSURE  |Fiing Date August 27, 2009
STATEMENT BY APPLICANT  [FistNamedinventor _ ]Yoshinori SHIMIZU

Art Unit 2812
(Use as many sheets as necessary) Exarminer Name Not Yet Assigned
Sheet | 3 | o | 3 Attomey Docket Number |0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Examiner| Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Initials No.? the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T
nitials i number(s), publisher, city and/or country where published.

« |Office Action issued December 13, 2005, in U.S. Application No. 11/208,729 (U.S. Patent
CS
7,215,074).
cT Notice of Allowance and Examiner's Comments on Allowance issued September 7,
2006, in U.S. Application No. 11/208,729 (U.S. Patent 7,215,074).
CU* | Office Action issued April 4, 2007, in U.S. Application 11/653,275 (U.S. Patent 7,329,988).

cv* Notice of Allowance and Examiner's Comments on Allowance issued September 25,
2007, in U.S. Application No. 11/653,275 (U.S. Patent 7,329,988).

Srommtore Michael Trint/ 011772011

Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

"Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English language Translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /MT/
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Receipt date: 12/30/2010 12548618 - GAlU: 2822

PTO/SB/08a (07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork reduction Act of 1985, o persons are required to respond to a collection of information unless it contains a valid OMB control number.

( Substitute for form 1449A/PTO Complete if Known A
Application Number 12/548,618
INFORMATION DISCLOSURE Filing Date Ty
STATEMENT BY APPLICANT First Named Inventor Yoshinori Shimizu
Art Unit 2822
(Use as many sheets as necessary) Examiner Name M. M. TRINH
\ Sheet ! 1 l of | 2 Attorney Docket Number | 0020-5147PUS5 )
U.S. PATENT DOCUMENTS
'E).('aminer Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. ] 2 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
1 US-2009/0315014-A1 12-24-2009 SHIMIZU et al.
2 US-2009/0315015-A1 12-24-2009 SHIMIZU et al.
3 US-2010/0001258-A1 01-07-2010 SHIMIZU et al.
4 | US-5,045,867-A 09-03-1991 FUSE

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Document e Pages, columns, Lines, Where
Initial * No. 1 Publication Date Name of Patengee or Relevant Passages or Relevant
Country’i Number4 Kind Code (if known)s MM-DD-YYYY Applicant of Cited .
Code Document Figures Appear T
T
~
r
r
-
B
Examiner Y H S Date e
Signature /Michas! Trinhy Considered 01/17/2011

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 808. Draw line through citation if not in conformance and not
Considered. include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.87 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/for suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PT0-9199 (1-800-786.9198) and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /MT/
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U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

~N

-

Substitute for form 1449B/PTO Complete if Known
Application Number 12/548,618
INFORMATION DISCLOSURE — oo
ate D7
STATEMENT BY APPLICANT -
First Named Inventor Yoshinori Shimizu
(Use as many sheets as necessary) Art Unit 2822
Examiner Name M. M. TRINH
Sheet 2 of 2 Attorney Docket Number| 0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the T2
initial * No.1 item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

Office Action dated July 7, 2010 for US Application No. 12/548,614.

Office Action dated June 16, 2010 for US Application No. 12/548,621.

Office Action dated November 10, 2010 for US Application No. 12/5675,162.

Office Action dated November 15, 2010 for US Application No. 12/548,614.

armner Michael Trinh/ Gor M

Signature Considered

* EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

considered. include copy of this form with next communication to applicant.

1. Applicants unique citation designation number. (optional) 2. Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering,
preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Cheif information Officer, U.S. Patent and Trademark Office,

P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.

SEND TO: Cc issioner for P , P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PTO-9199 and select option 2.

ALL REFERENCES CONSIDERED EXCEPT WHH@;@’UNE{) THROUGH. /MT/
TCL 1002, Page 36




PTO/SB/08a (07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
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Substitute for form 1449A/PTO Complete if Known
Application Number 12/548,618

INFORMATION DISCLOSURE Filing Date 082700
STATEMENT BY APPL'CANT First Named Inventor Yoshinori Shimizu

Art Unit 2822
(Use as many sheets as necessary) Examiner Name M. M. TRINH
\ Sheet ! 1 l of | 2 Attorney Docket Number | 0020-5147PUS5 )
U.S. PATENT DOCUMENTS
'E).('aminer Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. ] 2 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
1 US-2009/0315014-A1 12-24-2009 SHIMIZU et al.
2 US-2009/0315015-A1 12-24-2009 SHIMIZU et al.
3 US-2010/0001258-A1 01-07-2010 SHIMIZU et al.
4 | US-5,045,867-A 09-03-1991 FUSE

FOREIGN PATENT DOCUMENTS

Examiner | Cite Foreign Patent Document e Pages, columns, Lines, Where
Initial No. 1 Publication Date Name_of Patengee or Relevant Passages or Relevant
Country’i Number4 Kind Code (if known)s MM-DD-YYYY Applicant of Cited .
Code Document Figures Appear T
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 808. Draw line through citation if not in conformance and not

Considered. include copy of this form with next communication to applicant. 1. Applicant’s unique citation design number (optional). 2 See Kinds Codes of

USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For

Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by

the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language

Translation is attached.

This collection of information is required by 37 CFR 1.87 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,

including gathering, preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments

on the amount of time you require to complete this form and/for suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent

and Trademark Office, P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. *
If you need assisstance in completing the form, call 1-800-PT0-9199 (1-800-786.9198) and select option 2.

TCL 1002, Page 37



PTO/SB/08b (07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

( Substitute for form 1449B/PTO Complete if Known \

Application Number 12/548,61

INFORMATION DISCLOSURE — oo

ate D7

STATEMENT BY APPLICANT -

First Named Inventor Yoshinori Shimizu
(Use as many sheets as necessary) Art Unit 2822
Examiner Name M. M. TRINH
Sheet 2 of 2 Attorney Docket Number| 0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the T2
initial * No.1 item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

Office Action dated July 7, 2010 for US Application No. 12/548,614.

Office Action dated June 16, 2010 for US Application No. 12/548,621.

Office Action dated November 10, 2010 for US Application No. 12/5675,162.

Office Action dated November 15, 2010 for US Application No. 12/548,614.

Examiner Date
Signature Considered

* EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

considered. include copy of this form with next communication to applicant.

1. Applicants unique citation designation number. (optional) 2. Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering,
preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Cheif information Officer, U.S. Patent and Trademark Office,

P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.

SEND TO: Cc issioner for P , P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PTO-9199 and select option 2.
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Docket No.: 0020-5147PUS5

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2812
For: LIGHT EMITTING DEVICE AND DISPLAY  Examiner: M. M. TRINH

LETTER REGARDING COPENDING APPLICATIONS

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
This letter submits potential relevant information advising the Examiner of the

following co-pending U.S. Applications which claim the benefit of U.S. Patent 6,600,175 (by
Baretz et al., 1ssued on 07/29/2003) which was submitted to USPTO in an IDS on July 13, 2010.

Appl. No. Filing Date Group

90/010,940 May 6, 2010 3992
(Reexamination of USP

6,600,175)

11/264,124 November 1, 2005 2814

12/131,118 June 1, 2008 2814

12/131,119 June 1, 2008 2879

The subject matter contained in the above-listed copending U.S. applications may be
deemed to relate to the present application, and thus may be material to the prosecution of this

instant application.
The above-listed co-pending applications are not to be construed as prior art. By bringing

the above-listed applications to the attention of the Examiner, Applicants do NOT waive any

(k-

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/tlb
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS
Page 2 of 2

confidentiality concerning the above-listed co-pending applications or this application. See
MPEP § 101.
If necessary, the Director is hereby authorized in this, concurrent, and future replies to

charge any fees required during the pendency of the above-identified application or credit any

=

D. Richard Anderson
Registration No.: 40439

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

overpayment to Deposit Account No. 02-2448.
Dated:  DEC 30 2010

(W

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/tlb
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Docket No.: 0020-5147PUS5

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2822
For: LIGHT EMITTING DEVICE AND DISPLAY  Examiner: M. M. TRINH

LETTER REGARDING COPENDING APPLICATIONS

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Under the provisions of MPEP § 2001.06(b), the Examiner is hereby advised of the
following copending U.S. Applications:

Appl. No. Filing Date Group
12/947,470 November 16, 2010 2812
12/831,586 July 7, 2010 2811
12/942,792 November 9, 2010 2812
12/689,681 January 19, 2010 2812

The subject matter contained in the above-listed copending U.S. applications may be
deemed to relate to the present application, and thus may be material to the prosecution of this
instant application.

The above-listed co-pending applications are not to be construed as prior art. By bringing
the above-listed applications to the attention of the Examiner, Applicants do NOT waive any
confidentiality concerning the above-listed co-pending applications or this application. See

MPEP § 101.

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/tlb
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If necessary, the Director is hereby authorized in this, concurrent, and future replies to
charge any fees required during the pendency of the above-identified application or credit any
overpayment to Deposit Account No. 02-2448.

Dated:
% DEC 30201

Registration No.: 40439 \_f

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

(ok-

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/tlb
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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

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) 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 of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/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 as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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Docket No.: 0020-5147PUSS

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2822
For: LIGHT EMITTING DEVICE AND DISPLAY  Examiner: M. M. TRINH

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the attached PTO/SB/08.

IL. COPIES

M a. Copies of foreign patent documents, non-patent literature and other information.

O b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any
information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/tlb
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Page 2 of §

II.  CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
O a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as

follows:

L] b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

| C. OTHER: The following additional information is provided.
Copies of the Office Actions dated July 7, 2010 and November 15, 2010 for US
Application No. 12/548,614, a copy of the Office Action dated June 16, 2010 for US
Application No. 12/548,621 and a copy of the Office Action dated November 10, 2010
for US Application No. 12/575,162 are attached.

All of the references cited in the attached US Office Actions except for US-5,045,867-A,
US-2010/0001258-A1, US-2009/0315014-A1 and US-2009/0315015-A1 were previously
cited in the IDSes filed August 27, 2009, December 4, 2009, July 13, 2010 or November
1, 2010.

IV. STATEMENT UNDER 37 C.F.R. § 1.97(e)
The undersigned hereby states that:

L] 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. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

ok
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O b. 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
three months prior to the filing of this IDS. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

o C. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

O d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were 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. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the

filing of this statement.

V. FEES
| a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.

[ b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.
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M c. This Information Disclosure Statement is being filed before the mailing date of a
first Action on the merits. No fee is required. If a first Office Action on the merits has issued,
please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37 C.F.R.

§ 1.97(e) above. If no statement has been made, charge our deposit account for the required fee.

[ d. This Information Disclosure Statement is being filed before the mailing date of a
Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R.
§ 1.97(c)(1)).

L No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or
O See the above statement. No fee is required.
[ €. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VL. PAYMENT OF FEES

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

M No fee is required.
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If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.

02-2448.
Dated: DEC 30 2010 Res

()

D. Richard Andérson
Registration No.: 40439

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

Attachment(s):

M  PTO/SB/08

| Document(s)

] Foreign Patent Office Communication
L] Foreign Search Report

[0  Fee

%} Other: Four (4) US Office Actions
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U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

-

Substitute for form 1449A/PTO Complete if Known

N

Application Number 12/548,618

INFORMATION DISCLOSURE Filing Date 08-27-09

STATEMENT BY APPLICANT First Named Inventor Yoshinori Shimizu

Art Unit 2812
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
\_ Sheet J 1 ] of | 2 Attorney Docket Number | 0020-5147PUS5 P
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. 2 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code “ (if known) Figures Appear
1 [ US-5221,984 - A 06-22-1993 Furuyama et al.
2 US-5,594,751 - A 01-14-1997 Scott
3 US-5,801,435 - A 09-01-1998 Otsuki
4 | US-6,015,200 - A 01-18-2000 Ogura

FOREIGN PATENT DOCUMENTS

i f Foreign Patent Document Pages, columns, Lines, Where]
ﬁ:;“[‘er 3251 r}ﬁ Publication Date Name of Patentee or Relevant Passages or Relevant
’ Count 4. ] 5 MM-DD-YYYY Applicant of Cited
Code Number Kind Code (if known) Document Figures Appear T
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
Considered. Include copy of this form with next communication to applicant. 1. Applicant’s unigue citation design number (optional). 2 See Kinds Codes of
USPTO patent Documents. at www.uspto.gov or MPEP 901.04. 3. Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4. For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5. Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6. Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form the USPTQ. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office. P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PT0-9199 (1-800-786.9199) and select option 2. -
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U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number,

Substitute for form 1449B/PTO Complete if Known \

INFORMATION DISCLOSURE ;‘.’s:"c::: Number | 12/548,618
STATEMENT BY APPLICANT 9 08-27-09

First Named Inventor Yoshinori Shimizu
(Use as many sheels as necessary) Art Unit 2812
Examiner Name Not Yet Assigned
Sheet 2 of 2 Attorney Docket Number| 0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
initial * No. 1 item (book, magazine, journal, serial, symposium, catalog, eic.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

NAKAMURA et al., "High-Brightness InGaN Blue, Green and Yeilow Light-Emitting Diodes with
5 Quantum Well Structures”, Japanese Journal of Applied Physics, Vol. 34, No. 7A, Part 2, July 1, 1995, I
pp. L797-L799 XP000702022

Non-Final Office Action issued August 2, 2010, in co-pending U.S. Application Serial No. 12/559,042.

Examiner Date
Signature Considered

* EXAMINER: initial if reference considered. whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

considered. Include copy of this form with next communication to applicant.

1. Applicants unique citation designation number. (optional) 2. Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO

to process) an application. Confidentiality is governed by 35 1J.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering,

preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require .
to complete this form and/or suggestions for reducing this burden, should be sent to the Cheif information Officer, U.S. Patent and Trademark Office,

P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.

SEND TO: C: issioner for P , P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PTO-9199 and select option 2.
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Docket No.: 0020-5147PUSS

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2812
For:  LIGHT EMITTING DEVICE AND DISPLAY  Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L. LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION

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

are listed on the attached PTO/SB/08.

I1. COPIES

| a. Copies of foreign patent documents, non-patent literature and other information.

] b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any

information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:

Wk
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[II. ~ CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
i a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as

follows:

O b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

M C. OTHER: The following additional information is provided. The references listed
in the attached European Search Report issued August 23, 2010, in EP 04001377.3, but not cited
herein, are all previously submitted in an IDS filed August 27, 2009.

The U.S. references cited herein were cited by the Examiner in an Office Action issued

August 2, 2010, in co-pending application Serial No. 12/559,042, a copy of which is attached

IV. STATEMENT UNDER 37 C.F.R. § 1.97(¢)

The undersigned hereby states that:

] 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. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

O b. 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
three months prior to the filing of this IDS. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

BIRCH, STEWART, KOLASCH & BIRCH, LLP (Q% DRA/CET/das
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] c. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

M d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were 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. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the

filing of this statement.

V. FEES

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

of a new patent application or Request for Continued Examination. No fee is required.

O] b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.

| c. This Information Disclosure Statement is being filed before the mailing date of a

first Action on the merits. No fee is required. If a first Office Action on the merits has issued,
please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37 C.F.R.

§ 1.97(¢) above. If no statement has been made, charge our deposit account for the required fee.

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/das
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O] d. This Information Disclosure Statement is being filed before the mailing date of a
Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R.
§ 1.97(c)(1)).

Ll No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or
O See the above statement. No fee is required.
O e. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VI.  PAYMENT OF FEES

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

| No fee is required.

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/das
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If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.

02-2448.
Dated: NOV 1_ 2010

gl
D). Richard Ancersoft

Registration No.: 40439

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

Attachment(s):

M  PTO/SB/08

%] Document(s)

O Foreign Patent Office Communication
| Foreign Search Report

[0  Fee

|

Other: Office Action issued August 2, 2010, in co-pending application Serial No.
12/559,042

C@?’
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U.8. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

( Substitute for form 1449A/PTO Complete if Known A
Application Number 12/548,618
INFORMATION DISCLOSURE Fina Dot ey
STATEMENT BY APPLICANT First Named Inventor | Yoshinori Shimizu
Art Unit 2812
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
\ Sheet 1 of 2 Attorney Docket Number | 0020-5147PUS5 Yy,
U.S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pages, columns, Lines, Where
initial No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number - Kind Code 2(if known) Figures Appear
1 | Us-4,001,628 01-04-1977 Ryan
2 | US-5,208,462-A 05-04-1993 O'Connor et al.
3 | Us-5,706,022-A 01-06-1998 Hato
4 US-5,743,629-A 04-28-1998 Helstern et al.
5 US-6,600,175-B1 07-29-2003 Baretz et al.
FOREIGN PATENT DOCUMENTS
Eft?;?i”ef ﬁ‘;ﬂ Foreign Patent Document Publication Date Name of Patentee or Applicant of Cited Pa%\;férceog:?g:ér:tmes'
C:;‘::ya Number*Kind Gode (if known)® MM-DD-YYYY Document P?:?;S?:: :;;2? vant 16
6 |JP 6-296043-A 10-21-1994 vl
[]
[
1
[l
[
[ ]
I
Il
[
Examiner Date
Signature Considered

* EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

Considered. Include of this form with next communication to applicant.

1. Applicant’s unigue citation designation number (optional) 2. See Kinds codes of USPTO patent Documents. at www.uspto.gov or MPEP 901.04.

3. Enter Office that isssued the document, by the two-letter code (WIPO Standard ST.3.) 4. For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document. 5. Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.f
16 if possible. 6. Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO

to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering,

preparing, and submitting the completed application form the USPTO. Time will vary depending upon the individual case, Any comments on the amount of time you require
to complete this form andfor suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office,

P.O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.

SEND TO: Cc for P. , P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PTO-9199 (1-800-786.9199) and select option 2.
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Under the Paperwork reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

N

Substitute for form 1449B/PTO Complete if Known

INFORMATION DISCLOSURE | -ohpresiontumber | 12/548,618

Filing Date 08-27-09
STATEMENT BY APPLICANT First Named Inventor Yoshinori Shimizu
Group Art Unit 2812
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
\_ Sheet 2 of 2 Attorney Docket Number | 0020-5147PUS5 y

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
initial * No. 1 item {book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s},
publisher, city and/or country where published.

Hide et al., "White light from InGaN/conjugated polymer hybrid light-emitting diodes," Appl. Phys. Lett.,
7 | Vol. 70 (20), May 19, 1997, hitp://apl.aip.org/copyright.jsp, pp. 2664-2666.

N

e ettt ety

[ ]

Examiner Date
Signature Considered

* EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. include copy of this form with next communication to applicant.
1. Applicants unique citation designation number. (optional) 2. Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering,
preparing, and submitting the completed appilication form the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form andfor suggestions for reducing this burden, should be sent to the Cheif information Officer, U.S. Patent and Trademark Office,
P.0. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Cc issioner for P: , P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assisstance in completing the form, call 1-800-PT0-9199 and select option 2.
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PATENT ABSTRACTS OF JAPAN

(11)Publication number : 06-296043
(43)Date of publication of application : 21.10.1994

(51)Int.Cl. HO1L 33/00

(21)Application number : 05-081651 (71)Applicant : MATSUSHITA ELECTRIC IND CO
LTD
(22)Date of filing : 08.04.1993 (72)Inventor : ISECHI NORIHIRO

YUMOTO SHIGEO

(54) LIGHT-EMITTING DIODE

(57)Abstract:

PURPOSE: To make it possible to conduct
heterochromatic three LED pellets mounting required
for full-color emission, to improve color—mixing

c':_‘r"]

iy

property, and to prevent generation of foam when 7 {_n::!;
molding. i

CONSTITUTION: A double molded structure is formed
by molding the recessed part of an inner container 2
using the resin having a high concentration dispersant
and the entire inner container 2 is molded by the resin
having low concentration dispersant. Also, in the case
of single molding, a notch is provided on the innar
container 2 so that foam is bled out excellently. As a
result, at least three LED pellets can be mounted on
the recessed part of the inner container, and cclor—
mixing property can be improved by the double molding
structure.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2 x¥¥k% shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]A light emitting diode having carried an LED pellet individually on two or more inner
leads allocated in the bottom of said crevice of a non—translucency inner container which has a
crevice, and carrying out an enclosure mold by translucency resin so that said non—
translucency inner container and said LED pellet may be covered to one.

[Claim 2]A light emitting diode having covered by resin which added an optical dispersion agent
by the 1st concentration to the crevice upper surface of a non—translucency inner container
given in the 1st paragraph of a claim, and carrying out the mold of the periphery by resin which
added an optical dispersion agent of little 2nd concentration rather than said 1st concentration.
[Claim 3]A light emitting diode providing infeed which is the depth from the crevice upper
surface to the bottom, and reaches an inner container given in the 1st paragraph of a claim
from a crevice medial surface to lateral surface.

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2.#%%x shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]This invention relates to a multicolor light emitting diode.

[0002]

[Description of the Prior Art]A light emitting diode is divided roughly into the red and green
which used Ga system compound semiconductors, such as GaP and GaAlAs, as the luminescent
color, and three blue colors using compound semiconductors, such as SiC, GaN, and ZnZe,
further. The LED pellet of these three colors is arranged in the same enclosure sealed body and
what is called a mold in recent years, and the request from a commercial scene has increased
to the light emitting diode in which multicolor luminescence is possible.

[0003]The conventional multicolor light emitting diode The passage of the sectional view of
drawing 6 (top view of a), and said (b), After having carried out press working of sheet metal of
the tip of the metal leadframes 11, having considered it as the LED pellet mount part, forming
the flat part 11a and forming the reflection part 11b in the circumference of the flat part 11a
further, the mold part 12 was formed with the sealing resin in which the optical dispersion agent
was added in the circumference.

[0004]

[Problem(s) to be Solved by the Invention]In the metal leadframes 11 in such press working of
sheet metal, it was a limit that area of the flat part 11a in which an LED pellet is carried cannot
secure widely, but carries the two LED pellets 13 and 13'.

[0005]In order to produce a red light LED pellet, a green emission LED pellet, and the multicolor
light emitting diode further formed combining the luminescent color of three colors of a blue
light LED pellet, The leadframe which needs to install the flat part which can carry three or
more LLED pellets in a leadframe, and can constitute easily the light circuit of these three or
more LED pellets is required.

[0006]Although it is better for the resin which forms that mold part to use transparent resin
from a point of luminous efficiency when the LED pellet which has the different luminescent
color of three or more pieces is carried in the same mold, the luminescent color from each LED
pellet can be directly seen in this case.

[0007]For example, since red and green are individually emitted to the exterior when it is
transparent resin, red and green can be seen [ orange ], although obtained by making the LED
pellet which emits light in red and green emit light simultaneously, and carrying out mixed colors,
if the example which makes orange emit light explains from the outside as it is.

[0008]Forming a mold part with the translucent resin which added the optical dispersion agent
for improvement in the mixed—colors performance of the luminescent color is carried out.
However, in inverse proportion to the addition of the optical dispersion agent to that mold part,
light emitting luminance falls in this case.

[0009]1t is required on goods that hue and luminosity should not change even if the mixed—
colors light in simultaneous lighting of two or more unique luminescence LED pellets observes
from arbitrary directions.

[0010]Although the method of installing a reflection part in the circumference of the LED pellet
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mount part of a leadframe is taken as a means which raises the luminous efficiency in the light
emitting diode by which the single mold was carried out with the sealing resin which added the
optical dispersion agent of arbitrary concentration, The shape where this LED pellet mount part
has the high circumference as drawing 4 (a), and an LED pellet mount part is low, This inner
container is inserted in the mold 9 with which it filled up with the undiluted solution 14 of
sealing resin for molds reverse using what is called the concave inner container 2 as drawing 4
(b) at the time of formation of the mold part 14 of a light emitting diode. If the surrounding air is
involved in, it means that that air foam 10 stagnated in this crevice with as as drawing 4 (c) at
this time and heat cure of the mold part sealing resin is carried out, the air foam 10 remains in
the mold part 14 of a light emitting diode, and it has become factors, such as poor lighting and
characteristic defect.

[0011]As above-mentioned, when forming the mold part 14 of a light emitting diode, the
leadframe for not generating the air foam 10 is needed in the mold part.

[0012]

[Means for Solving the Problem]This invention an LED pellet mount part in which red, green,
and blue LED pellet loading are possible, After carrying an LED pellet in nothing and this
leadframe a leadframe top allocated in inside of an inner container formed with thermoplastics,
structure which carries out a mold so that this whole inner container may be covered is
adopted.

[0013]As a means which takes out the luminescent color when simultaneous lighting of the LED
pellet of two or more colors is carried out as one mixed color, It is filled up with transiucent
resin of the 1st concentration with many additions of an optical dispersion agent to the crevice
upper surface of an inner container, and double molding structure which carries out the mold of
the circumference with translucent resin of the 2nd concentration with few optical dispersion
agents further is adopted.

[0014]Only arbitrary numbers provide infeed which is the depth from the crevice upper surface
of this inner container to a recessed bottom face as a structure of making it not make it
stagnating in that inner container, and attains air foam from a crevice medial surface to lateral
surface.

[0015]

[Function]By attaching an inner container with the concave part which did not provide a crevice
directly on the leadframe but was formed with thermoplastics on the leadframe, Three unique
luminescence LED pellets, the red light LED pellet and green emission LED pellet which enable
multicolor luminescence, and a blue light LED pellet, can be carried in the same light emitting
diode.

[0016]It is filled up to the upper surface of the inner container by which translucent resin of the
1st concentration with many additions of an optical dispersion agent is carried in an LED pellet,
By adopting the double molding structure which furthermore carried out the mold of the
circumference with translucent resin of the 2nd concentration with few optical dispersion
agents, change of the hue of the luminescent color when it sees from the luminescent color and
a slanting transverse direction when it sees from a transverse plane can also be controlled.
[0017]When only arbitrary numbers provide the infeed which is the depth from the crevice
upper surface of the inner container which carries the LED pellet to a recessed bottom face,
and reaches from a crevice medial surface to the lateral surface, the air foam in the crevice of
a light emitting diode is easily discharged by passing through an infeed part outside.

[0018]

[Example]The light emitting diode of this invention is explained with reference to drawings.
[0019]As shown in the perspective view of drawing 1 (the sectional side elevation of a), top
view of the (b), and said (c), the light emitting diode of this invention, The sealing resin 6 of the
1st concentration with many additions of an optical dispersion agent is first filled up with and
stiffened to the crevice upper surface of the inner container 2 (LED pellet mount part) of a
leadframe, It is compatible in the performance to which luminescence mixed—colors nature
furthermore disagrees the circumference with light emitting luminance by adoption of the double
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molding structure which forms a lens with the sealing resin 7 of the 2nd concentration with few
additions of an optical dispersion agent.

[0020]The flat part 1a which carries the LED pellet manufactured in etching or press working of
sheet metal to the metal plates of 0.1-0.275 mm of board thickness like drawing 2 (a) although
this structure is realized, and the lead outputting part 1b to the leadframe 1 which it has like
the purpose of improvement in the radiant power output to the direction of the front of an LED
pellet is formed. The duty holding the leadframe 1 which carries out for relativity and is
arranged has also achieved this inner container 2.

[0021]In the crevice of the inner container 2 of the leadframe 1 produced as mentioned above,
it becomes possible about the red light LED pellet 3 required for especially multicolor
luminescence, the green emission LED pellet 4, and the blue light LED pellet 5 to carry one
piece and a total of three LED pellets or more, respectively.

[0022]In the depth from the crevice upper surface of the inner container 2 to a recessed
bottom face as the drawing 3 perspective view. And by forming the infeed 8 which reaches from
a crevice medial surface to the crevice lateral surface, as contrasted with drawing 5, as shown
in drawing 4 (a) = (d), the air foam 10 involved in the inside of a mold can be easily emitted to
the exterior through the infeed 8, and can remove the air foam in a light emitting diode mold
part.

[0023]Of course, it cuts deeply here and, as for the width and the number of 8, the viscosity of
sealing resin for molds must be carefully examined in consideration of the shape and the size of
the inner container 2. If width of infeed is enlarged or the number is increased, it will become
easy to escape from air foam, but in order for the internal surface product of a crevice which
reflects the light of an LED pellet ahead to decrease, it is necessary to determine appropriately
so that the fall of juminosity may be controlled.

[0024]

[Effect of the Invention]The sealing resin 6 of the 1st concentration with many additions of an
optical dispersion agent is filled up with and stiffened to the crevice upper surface of the inner
container of the LED pellet mount part of a leadframe, By forming a lens with the sealing resin 7
of the 2nd concentration with few additions of an optical dispersion agent, the circumference,
At the time of simultaneous lighting of two or more unique luminescence LED pellets, even if
the luminescent color of a light emitting diode sees from which direction, mixed—colors nature
can be improved to such an extent that it is visible with the same color, and control of a fall of
the light emitting luminance which disagrees with mixed—colors nature further is attained. In the
light emitting diode by which the single mold was carried out with the sealing resin which added
the optical dispersion agent of arbitrary concentration, In the depth from the crevice upper
surface of the inner container 2 fabricated with the structure which enables improvement in
optical power, and three or more unique luminescence LED pellet loading, and the adopted
thermoplastics to a recessed bottom face. And when only arbitrary numbers form the infeed 8
which reaches from a crevice medial surface to the lateral surface and the crevice of this inner
container 2 is inserted in the mold 9 with which the undiluted solution of sealing resin for molds
was filled up, the air foam by which involved in the surrounding air and it was generated can be
easily discharged to the exterior.

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the
original precisely.

2:4%%x shows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[Drawing 1](a) The sectional view of the light emitting diode of this invention example

(b) The top view

(c) The perspective view

[Drawing 2](a) The top view of a leadframe circuit part and a lead outputting part used for the
light emitting diode of this invention example

(b) The top view in the state where the inner container made of thermoplastics was attached to
the leadframe

[Drawing 3]The perspective view of the light emitting diode of this invention example

[Drawing 4](a) The mold part formation figure of a process which manufactures the example of
this invention (before insertion to a mold)

(b) The sectional view of the mold with which it similarly filled up with the undiluted solution of
sealing resin for molds

(c) The constitutional diagram which similarly inserted the leadframe with an envelope in the
moid

(d) The sectional view of completion of a single mold light emitting diode

[Drawing 5](a) mold part formation figure (before insertion to a mold) which expresses the
manufacturing process of a device conventionally )

(b) The sectional view of the mold with which it similarly filled up with the undiluted solution of
sealing resin for molds

(c) The constitutional diagram which similarly inserted the leadframe with an envelope in the
mold

(d) Similarly it is a completed chart of a single mold light emitting diode.

[Drawing 6](a) The top view of the conventional multicolor light emitting diode

(b) The side view

[Description of Notations]

1 Leadframe

1a LED pellet mount part

1b Lead outputting part

2 Inner container

3 Red light LED pellet

4 Green emission LED pellet

5 5" Blue light LED pellet

6 The 1st sealing resin

7 The 2nd sealing resin

8 — 8" infeed

9 The mold with which it filled up with the undiluted solution of sealing resin for molds

10 Air foam

11 Metal leadframe

11a Flat part

11b Reflection part
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12 Mold part
13 and 13" LED pellet
14 Mold part

[Translation done.]
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Information:
328085
4 NPL Documents NPLhide.pdf no 3
b7a6467b9a99b68bc18bb1d3d48322¢091
19fffa
Warnings:
Information:
Total Files Size (in bytes); 2154468

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

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) 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 of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/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 as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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Docket No.: 0020-5147PUSS5

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2812
For: LIGHT EMITTING DEVICE AND DISPLAY  Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicants hereby submit an Information Disclosure Statement for consideration by the

Examiner.

L. LIST OF PATENTS. PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the attached PTO/SB/08.

I1. COPIES

M a. Copies of foreign patent documents, non-patent literature and other information.

[l b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any
information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:
U.S. Application No. and U.S. Filing Date

BIRCH, STEWART, KOLASCH & BIRCH, LLP ( Q}l DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS
Page 2 of 5

III.  CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
M a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as
follows:
An English language abstract and a full English machine generated translation are

provided for the following reference: JP-6-296043-A

| b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

%} c. OTHER: The following additional information is provided. JP-6-296043-A was
cited by the Japanese Patent Office on October 20, 2009 in a counterpart foreign application.
US-4,001-628 and US-5,208,462-A were cited in a foreign Office Action from Singapore issued
on April 9, 2010 in a counterpart foreign application.

IV. STATEMENT UNDER 37 C.E.R. § 1.97(¢)

The undersigned hereby states that:

O 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. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

O b. 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
three months prior to the filing of this IDS. This statement does not relate to English language

counterparts not listed in a communication from the foreign patent office. Such English language

BIRCH, STEWART, KOLASCH & BIRCH, LLP @ DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS
Page 3 of 5

counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

[l c. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

] d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were 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. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the
filing of this statement.

V. FEES
O a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.

O b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.

M c. This Information Disclosure Statement is being filed before the mailing date of a

first Action on the merits. No fee is required. If a first Office Action on the merits has issued,

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Page 4 of 5

please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37 C.F.R.

§ 1.97(e) above. If no statement has been made, charge our deposit account for the required fee.

u d. This Information Disclosure Statement is being filed before the mailing date of a

Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R.
§ 1.97(c)(1)).
] No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or
d See the above statement. No fee is required.
] e. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VI.  PAYMENT OF FEES

L] The required fee is listed on the attached Fee Transmittal.

M No fee is required.

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Page S of 5

If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.
02-2448. - e
Dated: T

UL 13 200

D. Richard Anderson

Registration No.: 40439

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

Attachment(s):

M  PTO/SB/08

M  Document(s)

M Foreign Patent Office Communication
[ Foreign Search Report

L] Fee

[0  Other:

(X

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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Docket No.: 0020-5147PUSS5

(Patent)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Application of:
Yoshinori SHIMIZU et al.
Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2812
For: LIGHT EMITTING DEVICE AND DISPLAY  Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicants hereby submit an Information Disclosure Statement for consideration by the

Examiner.

L. LIST OF PATENTS. PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the attached PTO/SB/08.

I1. COPIES

M a. Copies of foreign patent documents, non-patent literature and other information.

[l b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any
information not provided can be found in one or more of the following applications which has

been relied upon for an earlier filing date under 35 U.S.C. § 120:
U.S. Application No. and U.S. Filing Date

BIRCH, STEWART, KOLASCH & BIRCH, LLP ( Q}l DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS
Page 2 of 5

III.  CONCISE EXPLANATION OF THE RELEVANCE/OTHER INFORMATION
M a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as
follows:
An English language abstract and a full English machine generated translation are

provided for the following reference: JP-6-296043-A

| b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent Office

communication that indicates the degree of relevance is attached.

%} c. OTHER: The following additional information is provided. JP-6-296043-A was
cited by the Japanese Patent Office on October 20, 2009 in a counterpart foreign application.
US-4,001-628 and US-5,208,462-A were cited in a foreign Office Action from Singapore issued
on April 9, 2010 in a counterpart foreign application.

IV. STATEMENT UNDER 37 C.E.R. § 1.97(¢)

The undersigned hereby states that:

O 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. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

O b. 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
three months prior to the filing of this IDS. This statement does not relate to English language

counterparts not listed in a communication from the foreign patent office. Such English language

BIRCH, STEWART, KOLASCH & BIRCH, LLP @ DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS
Page 3 of 5

counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

[l c. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

] d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were 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. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the
filing of this statement.

V. FEES
O a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.

O b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.

M c. This Information Disclosure Statement is being filed before the mailing date of a

first Action on the merits. No fee is required. If a first Office Action on the merits has issued,

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Page 4 of 5

please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37 C.F.R.

§ 1.97(e) above. If no statement has been made, charge our deposit account for the required fee.

u d. This Information Disclosure Statement is being filed before the mailing date of a

Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R.
§ 1.97(c)(1)).
] No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or
d See the above statement. No fee is required.
] e. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VI.  PAYMENT OF FEES

L] The required fee is listed on the attached Fee Transmittal.

M No fee is required.

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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Page S of 5

If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.
02-2448. - e
Dated: T

UL 13 200

D. Richard Anderson

Registration No.: 40439

BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East

P.O. Box 747

Falls Church, VA 22040-0747

703-205-8000

Attachment(s):

M  PTO/SB/08

M  Document(s)

M Foreign Patent Office Communication
[ Foreign Search Report

L] Fee

[0  Other:

(X

BIRCH, STEWART, KOLASCH & BIRCH, LLP DRA/CET/dIr
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUS5
CONFIRMATION NO. 7447
2292 PUBLICATION NOTICE
BIRCH STEWART KOLASCH & BIRCH
PO BOX 747 IR0
000000039659322

FALLS CHURCH, VA 22040-0747

Title:LIGHT EMITTING DEVICE AND DISPLAY

Publication No.US-2010-0006819-A1
Publication Date:01/14/2010

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

BEC ¢ 4 200y

!

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

PTO/SB/08a (07-09)

Substitute for form 1449/PTO Complete if Known
Application Number 12/548,618, Conf. #7447
INFORMATION DISCLOSURE  |Filing Date August 27, 2009
STATEMENT BY APPLICANT  |fistNamedinvenor | Yoshinori SHIMIZU
Art Unit 2812
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
Sheet | 1 of ! 3 Attorney Docket Number [0020-5147PUS5
U.S. PATENT DOCUMENTS

Examiner Cite Document Num?er Publication Date Name of Patentee or sziizn?ggsrgggéﬂﬁigeiﬁ
Initials™ No.' | Number-King Code? { ¥ 470w | MM-DD-YYYY Applicant of Cited Document Figures Appear

AA* |US-5,798,537 08-25-1988 !Nitta

AB* US-5,998,925-A 12-07-1999 {Shimizu et al.

AC* |US-6,069,440-A 05-30-2000 [Shimizu et al.

AD* US-6,608,332-B2 08-19-2003 |Shimizu et al.

AE* |US-6,614,179-B1 09-02-2003 | Shimizu et al.

AF* US-7,026,756-B2 04-11-2006 |Shimizu et al.

AG* |US-7,071,616-B2 07-04-2006 |Shimizu et al.

AH* |US-7,126,274-B2 10-24-2006 |Shimizu et al.

Al* US-7,215,074-B2 05-08-2007 |Shimizu et al.

AJ*  |US-7,329,988-B2 02-12-2008 |Shimizu et al.

AK* US-7,362,048-B2 04-22-2008 | Shimizu et al.

AL* US-7,531,960-B2 05-12-2009 |[Shimizu et al.

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Putgi;:ta;ion f\_lame of Ratentee or Wiig:ségg‘::{‘ ;al:::;es o
Initials* No.! Country Code®-Number’Kind Code® (f krown) | MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear

BA* EP-0-550-937-A1 09-02-1992 [ ]
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. * CITE NO.: Those application(s) which are marked with an single asterisk (*) next
to the Cite No. are not supplied (under 37 CFR 1.98(a)(2)(iii)) because that application was filed after June 30, 2003 or is available in the IFW. *Applicant's
unique citation designation number (optional). *See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. ° Enter Office that issued
the document, by the two-letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must
precede the serial number of the patent document. ® Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.186 if
possible. ¢ Applicant is 1o place a check mark here if English language Translation is attached.

ADM/ETP/las

Birch, Stewart, Kolasch & Birch, LLP
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PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Application Number 12/548,618, Conf. #7447

Substitute for form 1449/PTC

INFORMATION DISCLOSURE  |riingDate August 27, 2009
STATEMENT BY APPLICANT  [fistNamediventor | Yoshinori SHIMIZU
Art Unit 2812
(Use as many sheets as necessary) Examiner Name Not Yet Assigned
Sheet | 2 l of I 3 Attorney Docket Number (0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of

Examiger) - Cite the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T

Initiais No.' number(s), publisher, city and/or country where published.

CA* Notice of Allowance and Examiner's Comments on Allowance issued January 28, 1999,
in U.S. Application No. 08/902,725 (U.S. Patent 5,998,925).

CcB* Office Action issued November 17, 2000, in U.S. Application No. 08/902,725 (U.S. Patent
5,998,925).

cc* Notice of Allowance and Examiner's Comments on Allowance issued October 8, 1999,
in U.S. Application No. 09/300,315 (U.S. Patent 6,069,440).

cD* Office Action issued March 13, 2001, in U.S. Application No. 09/458,024 (U.S. Patent
6,614,179).

CE* Notice of Allowance and Examiner's Comments on Allowance issued March 26, 2003, in
U.S. Application No. 09/458,024 (U.S. Patent 6,614,179).

CF* Office Action issued August 14, 2002, in U.S. Application No. 09/736,425 (U.S. Patent
6,608,332).

CcG* Notice of Allowance and Examiner's Comments on Allowance issued March 25, 2003, in
U.S. Application No. 09/736,425 (U.S. Patent 6,608,332).

CH* Office Action issued August 19, 2005, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

cr* Office Action issued July 27, 2007, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

CcJ* Office Action issued January 2, 2008, in U.S. Application No. 10/609,402 (U.S. Patent
7,362,048).

CK* Notice of Allowance and Examiner's Comments on Allowance issued February 13, 2008,

in U.S. Application No. 10/609,402 (U.S. Patent 7,362,048).

cL* Notice of Allowance and Examiner's Comments on Allowance issued May 4, 2005, in
U.S. Application No. 10/609,503 (U.S. Patent 7,071,616).

Office Action issued April 8, 2005, in U.S. Application No. 10/677,382 (U.S. Patent

CM* 17,026.756).
CN* Notice of Allowance and Examiner's Comments on Allowance issued September 22,
2005, in U.S. Application No. 10/677,382 (U.S. Patent 7,026,756).
co* Office Action issued February 28, 2006, in U.S. Application No. 10/677,382 (U.S. Patent
7,026,756).
cp* Notice of Allowance and Examiner's Comments on Allowance issued February 11, 2009,
in U.S. Application No. 11/682,014 (U.S. Patent 7,531,960).
ca* Office Action issued September 7, 2005, in U.S. Application No. 10/864,544 (U.S. Patent
7,126,274).
CR* Notice of Allowance and Examiner's Comments on Allowance issued March 10, 2006, in
U.S. Application No. 10/864,544 (U.S. Patent 7,126,274).
Examiner Date
Signature Considered

"EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant's unique citation designation number (optional). ZApplicant is to place a check mark here if English language Translation is attached.
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PTO/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

Complete if Known

Application Number 12/548,618, Conf. #7447

INFORMATION DISCLOSURE  |Fiing Date August 27, 2009
STATEMENT BY APPLICANT  [FistNamedinventor _ ]Yoshinori SHIMIZU

Substitute for form 1449/PTO

Art Unit 2812
(Use as many sheets as necessary) Exarminer Name Not Yet Assigned
Sheet | 3 | o | 3 Attomey Docket Number |0020-5147PUS5

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T

Examiger Cite

Initials No.’ number(s), publisher, city and/or country where published.
cs* Office Action issued December 13, 2005, in U.S. Application No. 11/208,729 (U.S. Patent
7,215,074).
cT Notice of Allowance and Examiner's Comments on Allowance issued September 7,

2006, in U.S. Application No. 11/208,729 (U.S. Patent 7,215,074).

CU* | Office Action issued April 4, 2007, in U.S. Application 11/653,275 (U.S. Patent 7,329,988).

Notice of Allowance and Examiner's Comments on Allowance issued September 25,

CV" 12007, in U.S. Application No. 11/653,275 (U.S. Patent 7,329,988).
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

"Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English language Translation is attached.
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Docket No.: 0020-5147PUS5
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Yoshinori SHIMIZU et al.

Application No.: 12/548,618 Confirmation No.: 7447
Filed: August 27, 2009 Art Unit: 2812

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

COPENDING APPLICATION LETTER

Comimissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Under the provisions of MPEP § 2001.06(b), the Examiner is hereby advised of the
following co-pending U.S. Application(s):

Appl. No. Filing Date Group
12/548,614 08-27-2009 2812
12/548,620 08-27-2009 2812
12/548,621 08-27-2009 2812
12/559,042 09-14-2009 2812
12/575,155 10-07-2009 2812
12/575,162 10-07-2009 2812

The subject matter contained in the above-listed co-pending U.S. applications may be
deemed to relate to the present application, and thus may be material to the prosecution of this

instant application.
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5

Copies of the cited U.S. patent applications (specification, claims, and the drawings) are

available on the USPTO's Image File Wrapper. Therefore copies thereof need not be attached.

[] The materials in the envelope are considered trade secrets and are being submitted for

consideration under MPEP § 724.

The above-listed co-pending applications are not to be construed as prior art. By bringing
the above-listed applications to the attention of the Examiner, Applicants do NOT waive any
confidentiality concerning the above-listed co-pending applications or this application. See
MPEP § 101. Furthermore, if said applications should not mature into patents, such applications
should be preserved in secrecy under the provisions of 35 U.S.C. § 122 and 37 C.F.R. § 1.14.

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 fces required under 37 C.F.R. § 1.16 or under § 1.17; particularly, extension of

time fees.

Dated: BEC 6 4 2009 Respectfully submitted,

By %y7/2&3/— S 2

4  Andrew D. Meikle
Registration No.: 32,868
BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East
P.O. Box 747
Falls Church, Virginia 22040-0747
(703) 205-8000
Attorney for Applicant
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Electronic Acknowledgement Receipt

EFSID: 6572525
Application Number: 12548618
International Application Number:
Confirmation Number: 7447

Title of Invention:

LIGHT EMITTING DEVICE AND DISPLAY

First Named Inventor/Applicant Name:

Yoshinori SHIMIZU

Customer Number:

02292

Filer:

Andrew Duff Meikle/Lisa Strandberg

Filer Authorized By:

Andrew Duff Meikle

Attorney Docket Number:

0020-5147PUS5

Receipt Date: 04-DEC-2009
Filing Date: 27-AUG-2009
Time Stamp: 10:57:27

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
469279
1 IDSetc.pdf yes 12
723a75ch666¢33d23daf891abd58648f208
ecd03
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
Assignee showing of ownership per 37 CFR 3.73(b). 2 2
Transmittal Letter 3 7
Information Disclosure Statement (IDS) Filed (SB/08) 8 10
Transmittal Letter 11 12
Warnings:
Information:
Total Files Size (in bytes); 469279

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

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) 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 of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/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 as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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PTO/SB/81 (01-09)

Approved for use through 11/30/2011. OMB 0651-0035

U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it displays a valid OMB control number.

Application Number 12/548.618-Conf. #7447
POWER OF ATTORNEY Filing Date August 27, 2009
OR First Named Inventor | Yoshinori SHIMIZU
REVOCATION OF POWER OF ATTORNEY LIGHT EMITTING DEVICE AND
WITH A NEW POWER OF ATTORNEY Titte | DISPLAY
AND Art Unit N/A
CHANGE OF CORRESPONDENCE ADDRESS | Examiner Name Not Yet Assigned
Attorney Docket No. 0020-5147PUS5

| hereby revoke all previous powers of attorey given in the above-identified application.

D A Power of Attorney is submitted herewith.
OR

1 hereby appoint Practitioner(s) associated with the following Customer
_Numper as my/our attorney(s) or agent(s) to prosecute_ the application 02292
identified above, and to transact all business in the United States Patent
and Trademark Office connected therewith:
OR

D I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above,
and to transact all business in the United States Patent and Trademark Office connected therewith:

Registration
Number

Registration

Practitioner(s) Name Number

Practitioner(s) Name

Please recognize or change the correspondence address for the above-identified application to:
The address associated with the above-mentioned Customer Number:
OR

I:lThe address associated with Customer Number:

OR

Firm or
Individual Name

Address

City State Zip
Country Telephone Email

| am the:

D Applicant/Inventor.
OR
Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) (Form PTO/SB/96) submitted herewith or filed on

SIGNATURE of Applicant or Assignee of Record
Signature L o= S e Date Cr7zfep f, 2o
Name Eiji OGAWA Telephone | (81) 884-22-2311 °
Title and Company | President, NICHIA CORPORATION

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below*.

I__—I *Total of 1 forms are submitted.

Birch, Stewart, Kolasch & Birch, LLP 1
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STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Yoshinori SHIMIZU et al.

Application No./Patent No.: 12/548,618 Filed/Issue Date: August 27, 2009

Entitled: LIGHT EMITTING DEVICE AND DISPLAY

NICHIA CORPORATION ,a Corporation

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that it is:
1. the assignee of the entire right, title, and interest; or

2. D an assignee of less than the entire right, title and interest.
The extent (by percentage) of its ownership interest is %
in the patent application/patent identified above by virtue of either:

A. D An assignment from the-inventors of the patent application/patent identified above. The assignment
was recorded in Application No. in the United States Patent and Trademark Office at Reel
, Frame , or for which a copy thereof is attached.

OR

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current
assignee as shown below:

1. From: _ Yoshinori Shimizu et al. To:  Nichia Kagaku Kogyo Kabushiki Kaisha
The document was recorded in the United States Patent and Trademark Office at
Reel 8804 , Frame 0037
2. From: _ Nichia Kagaku Kogyo Kabushiki To: _ Nichia Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 017260 , Frame 0861
3. From: To:
The document was recorded in the United States Paient and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet.

D Copies of assignments or other documents in the chain of title are attached.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be

submitted to Assignment Division in accordance with 37 CFR Part 3, if the assignment is to be

recorded in the records of the USPTO. See MPEP 302.08]
The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.
| 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 faise 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 wiliful false statements may jeopardize the validity of the application or any patent issued thereon.

Lo L prn Q]Jéﬁehé ,DesG

Signagdre Date
Eiji OGAWA (81) 884-22-2311
Printed or Typed Name Telephone Number
President, NICHIA CORPORATION
Title

Birch, Stewart, Kolasch & Birch, LLP
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Docket No.: 0020-5147PUS5
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Yoshinori SHIMIZU et al.

Application No.: 12/548,618 Confirmation No.: 7447

Filed: August 27, 2009 Art Unit: 2812

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

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicant(s) hereby submit(s) an Information Disclosure Statement for consideration by

the Examiner.

L. LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the PTO-SBO0S.

IT. COPIES
] a. Copies of foreign patent documents, non-patent literature and other information.
X b. REFERENCES PREVIOUSLY CITED OR SUBMITTED: Copies of any

information not provided can be found in one or more of the following applications which
has been relied upon for an earlier filing date under 35 U.S.C. § 120:

U.S. Application No. and U.S. Filing Date

12/028,062 filed February 8, 2008
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Art Unit 2812

L CONCISE EXPLLANATION OF THE RELEVANCE
] a. NON-ENGLISH LANGUAGE DOCUMENTS: A concise explanation of the

relevance of all non-English language patents, publications, or other information listed is as

follows:

] b. ENGLISH LANGUAGE SEARCH REPORT OR FOREIGN PATENT OFFICE
COMMUNICATION: An English language version of the search report or Foreign Patent

Office communication that indicates the degree of relevance is attached.

X c. OTHER: The following additional information is provided. The documents
listed on the attached Form PTO/SB/08 include related U.S. patents and Office Actions that
issued in connection with the cited U.S. patents. U.S. 5,798,537 is cited herein, as it was
erroneously cited as U.S. 6,798,537 (reference AY) in the IDS filed on August 27, 2009. EP
0 550 937 is cited herein, as it was erroneously cited as EP 0 500 937 (reference BM) in the
IDS filed on August 27, 2009.

Iv. STATEMENT UNDER 37 C.F.R. § 1.97(¢e)
The undersigned hereby states that:

] 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. This statement does not relate to English language
counterparts not listed in a communication from the foreign patent office. Such English language
counterparts are provided to aid the Examiner’s consideration of non-English items first cited in

the communication from the foreign patent office; or

[] b. 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
three months prior to the filing of this IDS. This statement does not relate to English language

counterparts not listed in a communication from the foreign patent office. Such English

2 of 5 ADM/ETP/las
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Art Unit 2812
language counterparts are provided to aid the Examiner’s consideration of non-English items

first cited in the communication from the foreign patent office; or

] c. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

] d. Some of the items of information in the IDS were cited in a communication from
a foreign patent office. Such items were 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. This statement does not relate to English language counterparts not listed in a
communication from the foreign patent office. Such English language counterparts are provided
to aid the Examiner’s consideration of non-English items first cited in the communication from
the foreign patent office. As to the remaining items of information, to the knowledge of the
person signing the certification after making reasonable inquiry, such remaining items were not
known to any individual designated in 37 C.F.R. § 1.56(c) more than three months prior to the
filing of this statement.

V. FEES
] a. This Information Disclosure Statement is being filed concurrently with the filing

of a new patent application or Request for Continued Examination. No fee is required.

] b. This Information Disclosure Statement is being filed within three months of the

filing date of an application. No fee is required.

X c. This Information Disclosure Statement is being filed before the mailing date
of a first Action on the merits. No fee is required. If a first Office Action on the merits has

issued, please consider this IDS under 37 C.F.R. § 1.97(c) and see the statement under 37

30f5 ADM/ETP/las
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Application No.: 12/548,618 Docket No.: 0020-5147PUS5
Art Unit 2812
C.F.R. § 1.97(e) above. If no statement has been made, charge our deposit account for the

required fee.

] d. This Information Disclosure Statement is being filed before the mailing date of a
Final Office Action or before the mailing date of a Notice of Allowance (see 37 C.F.R. §
1.97(c)(1)).

] No statement. The fee as required by 37 C.F.R. § 1.17(p) is provided.

or
1 See the above statement. No fee is required.
] e. This Information Disclosure Statement is being filed after the mailing date of a

Final Office Action or after the mailing date of a Notice of Allowance (see 37 C.F.R. § 1.97(d)),
see the statement above. The fee as required by 37 C.F.R. § 1.17(p) is provided.

VL PAYMENT OF FEES
] The required fee is listed on the attached Fee Transmittal.

X No fee is required.

4 0of 5 ADM/ETP/las
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Application No.: 12/548,618 Docket No.: 0020-5147PUSS5S
Art Unit 2812

If the Examiner has any questions concerning this IDS, please contact the undersigned. If
it is determined that this IDS has been filed under the wrong rule, the USPTO is requested to
consider this IDS under the proper rule and charge the appropriate fee to Deposit Account No.

02-2448.

Dated: DEC © 4 2009 Respectfully submitted,

By Z%//(/”% bt

< Andrew D. Meikle <
Registration No.: 32,868
BIRCH, STEWART, KOLASCH & BIRCH, LLP
8110 Gatehouse Road, Suite 100 East
P.O. Box 747
Falls Church, Virginia 22040-0747
(703) 205-8000
Attomey for Applicant

Attachments: PTO/SB/08
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JAPAN PATENT OFFICE
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This is to certify that the annexed is a true copy of the following application as filed
with this Office.

W B # H H

Date of Application: 19964 7H29H

HoE E B I .
Application Number: Bk S8AFAFIFEEEE 19858 575
IR LR X B EANOIE

ILHV 2 BEEDOTHROEME

Ex B HEOED— F &I

e

Thjcoumry code and number JP1996—198585

of your priority application,
to be used for filing abroad
under the Paris Convention, is

BB A . \
Applicant(s): O MRt

20094108 e6H

FHTEE ‘.
Commissioner,
Japan Patent Office
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L. REIX Y, Gd, Sm»6®BRENLP0Lb HTHS,

(001 2]

T 61T, FIELT 4 RV R 2 AR DHRDR D — N T/REN SIS
A A—=FTb®B, (Y1-p-q-rGdpCeqSmr) 3 (Al1-sGag) 5012 fi
L. O=Sp=0. 8, 0. 003=qg=0. 2, 0. 0O003=r=0. 08,
0=s=1

[0013)

Fe, EREZUEBONT A A —FE< U v 7 ZARICAE L 72 L E DR
882, L EDFRRESLETMICHF S S iENEg L. 2F 3 5 LEDFRRE
ETH5,

[(0014)]

[5EHH D F i D REAK]

AFAFEHE T, o OFTEROFEER, v SOCRIC B 20T 2L ¥ — A3 HgH
WLEDF v 76 0RNNE 74 LI 2B 2GBRIC & » CTHEBE RS
FFT A F — RicBW T, FPEDOFRR KR PECHRE IR 5 Z 12 LV S
. EROFEHARICB T R TREThEIETE 2 2 &% /i UAEES
%z R TS 7z,

[0015])
His, FEFA A - RICHOSENS 74 MU 222 R80EKRE LTI,
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1. WEHICEN TS 2 e EREI NS, FHC, PEERFORE T2 & OUINE
1D &G SN B 7212 KBRS 0f%5H 6 4 OfFC b B & SasHayTaaRIc
b A BEH S, 2. FAETLOREEFHT 57208 TiEze<
BRIFOETHER I T S 2, 3. BO2HEL TROZRD SHFBZIDH
PIFOEATHER = &, 4. FOEE TITFHICHIE S h b =D RS RIFcH 5
. 5. BFEBHRESWEEROSEM RO RG Il icEx 6hbd Z &,
6. FNF A A — RoRHARBIIEL TitEE»H 2 2 L2 Lot iE a3 5 2
LR HNG,
[00186)

IS DFRFEHAT OO UTHRPRIGE, FOE T L TRUEIIET X
NWE=NY KXy v TEHTEIEAHT ) O LRMEEREAEZTE, 74 bV
2 AL LTREs (Al, Ga) 501 9 : CeditkEzHW5, Zhic
KV FRNETHL S S N2 HOERITB Y 2/ T 2V — X% ERFTE CH
FEES I HU L 725 T H - T R B BTN RNHEE DI R A% TAen
RNFAF—RETEZILRNTELLBDODTHS,

(001 7]

BARRNRNT A A — Ro—flle LT, Fv I ¥ A TLED.X2I1TRT, F
v 72 A TLEDDOEKR2 04 MIZELTY 7 L5 BEKEHWZLEDF v 7
2022 RFPUNIER EEHOTEESETHS, WHEM YA ¥Y—203 &L
Tafpz LEDF v 72 0 208 BERICST SN &8EM2 05 2icth
FhESHICESMEETHS, REs (Al, Ga) 501 3 : CetihE Ry
SHHERICRENRE R 2 b DR LEDFy 7, WEN T A ¥ — it ¥ 2RSS
REDSAFHETBE—IREM 20 1 2 LT IR E S, 2nk>%
RAFT A — RICEB 2SR LZ Ik > CLEDF v 720 2%FESE
%5, LEDFvyF202»060Fe., ToFocks TiEshzT + VI
2 v AHEAAARD S ORI & DRMIC LV AtaRe EBFRNAEERFAE A A
—Re925ZMTES, DT, FHFRHOWKIBMIZ DV THIET 5,

[001 8]

(HEEAR)
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AEAFEHHICHW S NS 74 MV e 2Bk e L Cid, RSO 5
FA I NI PO OEMMRTRME S W THRNT B 7 4 MV I 222 R8ObRE
v, IR 7+ MV x e RA806kE L TE. RE3 (Al, Ga) 5012
:Ce (fHL, REIX Y, Gd, Sm»oREh242eb—HH) THB
o ALK Y 7 LZALEYIEEARE W LED T v I 6FOEL 6. RF 4
— AT —DBHEETH Y 71 RV 2 2B 53T 580t &
WCHBGEE. LEDF v I250Fte., 74 MV 2k REN» 5 oFok
&, BREFRRSEL L OBRROIDCEFRRETI LB TEL, CORDIL
FAF— RKAERICiE, LEDF v IS 0FNE 74 MV 222 AN S
DFNEBE—IN REMEBRT D LENH L, LT, 74 VI xS
AR D NNV T TENR EICLEDFy 72BH L 28, 74 VI 222800
HRIEICLEDF vy 706 X FERT 2B088% 1 J5E 2 D T 2 ROFOL
FAF—RELTHBRY, /2. 74 bV b2 28RO A Z RN T
FICEHSIELEDF v 725 O HER T S HEICH IR IETOR:, 7
F RV 2B RUADGR R & L O RRD B, FTOHHEZH KTz
NMOFHZ T ORI EREIRT 5 2 LIk 0 [ SOEROR SEE0BHR
PSR L LN TE D,

[0019]

6T, 74 MV 2 AEOUROEZHE MM, BEMERMAMEIC bR
5, $abb, 7x bNVIXE I REOEERBEHEEIN/ca—F 1 Y ITERE—V
RERM RS LEDF v FIZad - T # bV I 2 ¥ 2 296K D /16
STV ETE, ANEBERIE & Dk e ¥ DFEEE LY ZTIT K AT L BH
AEZHIHEI LT, 5, 74 MV 2 REMROSHENMMNIEZ LEDF v 7
A6 € — )V RERMRIEHNC IR > TOMEIREEANE < 72 5 L AGRERLRAN & DKy D
WE TR TR LEDS v 756 OFERL, WU R & o528 L 0 el
7 bV e RENEROFALEIHIT L 23 TEL, LS, Tx b
VR R AERDNMEIE,. 74 VI R AR R SE T HERM. 2R
BB KR T VI 22V REOUROTZR, KM & fI D 2 &
k> CTHE ¢ TR E B H Z LT E D, Lt > T AR 212 & 0 Hottk
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DAL R, i BRT 52 en8TE 3,
[0020]

REEFRHH DO 7 4 bV 22 v A8EHRIE. FHCLEDF v 7 e T 580033
PLUEESIhEESL LT (Ee) =3W--cm 2P F1OW:cm— 2D F
CBWTHERFRIC | AR E T 2388 A A — Re T2 enTcED,

[0021)]

AREEFHICHV SN DS 7 MV 22 REOERIE. H—F v MEEDZD,
B SEROKMTHEL . HEARZ BV DOE =224 5 0 n mfHITICE®E 2 &
MTED, /2, FEE—21530nmfTICHY 700 nmETHEZG T
0— R2RNART MVER2, L2y, HKOA 1 0—58% G a TERT L2
ETCRMBEMRFREICY T ML, RO Y D -H%ECGd CEMTLZ 2T
. RNBEEWEREANY 7T 5, 20k ICHREENT S 2 & THRLEEE
FRICHEI T 52 L E[EETH S, LIzdt - T BREMAOWMENG d ofilakit
TR Z & h b 7% S W ER kOB ERTOE A BRFOUCEM T 5 /-
D DIHFMZHA TS,

[0022]

Fz, BV LR FELEHW ZLEDFy &, U DAL TES QT
Ay RUDL - TII=TL - H—Fy MUK (YAG) IZHFLBICFEoH=
Uz (Sm) 25H3IE2T7x M e 2808Ke, 28T H5FEF 4 A4
—R&FBZZ LTk S SIDBNEEZRN LIVEINTES,

[0023]

TDEIRTHF NI FEZAEEARIEL, Y. Gd, Ce., Sm. A1lXKUG
a DR e UTEALY). XI3EmR AR IS Ic 22 tamEHRAL. Ths
A EwLLTT MR L TR 2ES. XiE Y. Gd. Ce. SmoOFA L
BOCEZAUEERILTRRICEHM L 728 B THILL 2 b o2 KL TF
na gy e, BTNV I = b BT Y Le 2EEL TREGERZH
5, 279y 722 LT vib7 = bFo 7 v 2 EEES L T
e, 2281 350~1450° CoEEHIPET 2~ 5 FRRYEER L CTHER
B ISR E KB TR - VI VLT, Yed. k. S2Re. SERICHizid
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T THLILENTED,
[0024)]

(Y1-p—q-rGdpCeqgSmy) 3A1 5071274 ML 2EyRAEMMEIT, Kk
FICGdZ2EHT522icky. HiT4 6 0 n mP F o EREROHERCEhE
EHmLTLHIENTEL, HRU=OLOEGHROHMCKLY, FOEY— I ¥R
A5, 530nm»5H570nmETRERICHEIL, DR0FOLRR b REREM
237 b5, RAROBOFLENNE RIS, GdOERER22LT52LT
ERTES, J5. Gdand s e, BRIk 74 VI REVRD
RAFZLIIIR TN T T B, L7228 T, plid 0. 8LINTHBZ eMUfEL<

0. TUUFTHBZLMNEVUFELY, EBIZUFFELLIZO. 6LITNTH S,

[0025]

SmEEHTS (Y1—-p—q-rGdpCeyqSm,) 3A1 50 280Kk, Gdo&
HEOWINMIED & TEENEOR’R TR, CHLIICSmEIZHIEL S
L2k, EEEICBU S T 4 MV Ry AR O FOLRER IR c B
hd, ToOWEINLIBEEIIGAdDETHFENE L RDIFTERELIRS, Tobb
. Gd 2L TT 4 bV 28 2 AR DFOCEFTNI R B 2 5L 7o filRIE
S mOTHIC K ZEBFHCCRIARITH 5 Z &30 olz, B, 22
TORBEFFMELIE, 4 50 nmOBFENICELDLFEIR (2 5° C) ITBJ DTy
NHERICT Y B, Rk oER (2 00° C) 2B 2RICHER oMHE (%
) TERLTWS, )

[0026]

SmOEHEIZ0. 0003=r=0. 0 8o#ificiEEiMtI6 0%LIEL
ROUFELY, ZoHIPHEY rAVNE e, EHERFHSROMENE 25,
F/z. COHHEY rAKRE 2L LRI FLTL%, 0. 000
7T=r=0. 02O TIHEEFEIZ8 0%l EEmYmbirE Ly,

[0027]

Celd0. 003=qg=0. 2DHHTHRIFOCRERAS7 0% EERD5, q
0. 003PITTIE Celdkd7a MU 2ty XADRFEFDCH L DTN
DT L CHRIEIRTL., ®iS. 0. 2K KEL 2D CEEMWEETS,
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[00 28]

RS DR F A F — RIcBWT I D & D77 7 VI R 2 RERIT,
2L FOREs (Al, Ga) 5012 :Ce 74 VI 2R ERS
IRTOH I, M, AL, Ga, YXRUGAdRSmoEHENRS 2 HH L
+DRE3 (Al, Ga) 5012:Ce 74 bIREIREEERERESETR
GBOWERNEZWRT N TEL, Zhic, 9T NF—FHEZ &
RV IV T —HMRREERAE LTHORATE S,

[0029]

(LED¥v 7102, 202, 702)

AARHICHWSNALEDFy 723, RE3z (Al, Ga) 5012 : Cetl
KR T RN R BT T & 2 2SR ERET 5 h b, RNAETTHD
LED¥ v 713, MOCVDZEFIC LD HEMN EIC T n G a NFEOFIEMKEFOVY
ELUERESES, FlkofEe L. M1 SHES. P I NEERLPNES
IR E BT HAREHE, ~TOWEDLWIET ITNAAT OO L ONFET S5h
%, PEAKGOMER Z DORBEIC k> TRAWEEH BT 2228 TE 5
o FEz, FEAREMEE B TARAVET S EEICERE o BB TSR
ZHEBE I IBEE T L TES,

[0030]

ZAH Y 7 LRSI R A L 2, CPRAE Y T A7, A
Ex), SiC., Si. ZnOFoMRBH6NS, FMEtoRWEAT YU D
LEEREEL72DITEF T T 7 A YERMEHNLZ B HELY, 2OV T 7 A
YEMNEICGaN, AINFEoNy 7y —Jg2FRL 20 FICPNESE2HT 2
ZALH U 7 LFEEKRE RS 5, BT Y 7 L RPERRE, AN E R—FL
IRUVRAE T NRBEEM 2089, BRI FE ¢ 522 SO N Y »
LR E TR S ¥ B IEEIE. NBIR— 2 k2L TSi, Ge, Se, Te,
CHEEZWMHEATLZ MU E LY, 7. PRZEALHY 7 LYEREERE
HEF. PRIK—NURTEHBHZn, Mg, Be, Ca, Sr, BaZE%d K—
TEIRDL, BAAHY D LRMEYHEERT, PRI 2 R—FL72ETT
FPEMELICK W PRI R — 8> B ARIC, RETHRIS®R2Y, S5X
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CHEIC LD 7 =— N T5Z 2 TCPEMLI D Z 2B HE LY, Ty F 7R

212 &V PRSEER KO N B RO FRHTH 2 2R S ¥ 7218, AR Ric 2

v U VR B e & O UTEHO R O S EME R S 5,
(003 1)

iz, =Bk o N—F2 F v F#lO YRR EHITLH T L — K
MNEERT B F AL TV —IC kDB NV Yy T 50, XIFAhEL Y bIL v
MEDOWEEYIVIAALER N—T 0y b)) | SR> THEKRY -2 H] 5,
B5E FHD T A v E Y FEPEEEMREETH A7 5 A 812 LYk
DIN—IHD THIWRAZ 54 T5 4> GRD U EERBERICE W2k,
AN E>TOZN—%HOFEET TN F v TRICHy b TH, ok
L TEALH Y 7 LMEEHEEKRTH L LEDF v TERIELZ T
x5,

[0032]

HEHFEHOFON S A F — RICB W THEBEREFOLI R HIHEIE. 74 bV I X
v REOUIRE OMREFEEZRL THCR TOFOERIF4 00 nmpl E530
nmPIFPFELL, 420nmbllF4 90 nmlIFBEkViEFEL WY, LEDF
v T Tx MV 3R REOERE DR E TN TR LY R LS L7201,
450nmPlE4 75 nmpl MRS SITUE Ly, AR O ERIONT A4
— RDOFHART MNVEHIBITRT., 4 50 nmfIiTiIcE— 27 2036 LE
DF v IM60FETHY, 570 nmffiLicE — 7 2> LEDF v 7/
WKkoTHiEENZZT7 4 MVI 2BV RADFENTH S,

[0033])

CEEMTA¥Y—103, 203)

WENET A —103, 2032L 7Tk LEDFvF102. 20 20EMNk
oA — v 7MW BEREREGE, EAEEM A CEREE S L b o RD 5
No, BUpEEL L TXO0. Olcal/cm2/ cm/CRIENFELL., &
DIFFLLIZ0. Bcalcm2/cm/ CLlLTHsb, ¥/ FEEMRESR
ERL CEHEM T A v—0oBERT. #FELIE ©10pmblE, @4 5pmb)
TTdHs, ZoL)RWEBE N T AV —2 LTEEKRNICIE, £, . 06 73
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SO LFEORBREZTNG 0GR AGAEER T 4 V-1 5Nh5, 2ok
SEBEN T A Y -3, ELEDF v Jo@EMmE, f>F— - U—- KK
k- U—=KRee, 294 —RUT4 U IIRBICE-> THEBICHRSELZ &
IWTED,
[0034]

(=7>hk-U—-FK105)

< b U—=K1052L7TE LEDFvF102%BEIHLILDTH
D, FARY PRS2 ETHET A0+ KkEIBHNITIRY, £/, LE
DF vy 72ERHXEL~ YN - U= RKEZLEDFy Jod@mEM e U CRIHT
LFEICBWTUL, I RESEEE 2R T 1 VT A —F L DMK
»oehnb, ¥l v b U—=FLohy YHICLEDF v JREET 5 &It
ICHOGRE WERICTUIHS ¥ 2 508, L TIRIE S ¥ |oFi s 1 4 — Kae
SONICEVEMENTHE L 2Mik T2 e TED,

[0035]

LEDFvyF102&<w >k -U—R1050hy7EORGITENE LM
N2 STk >THT D 2 eV CcE S, BARHNCIE, =RFUBE. 7 7 U vitigse
A I R EMET NS, £/, 7=—RAF T LEDF v ik~
UYh e U— FEHEESEL L HICEARNICHEMES ¥ 2 72DICFA g X— 2 K,
H—RRX—=2A b, RBNRVTEEHWDLZ LN TEDL, 51T, BEFAA—
ROEH M2 L2520 LEDF vy IRlE S k- U—FR
DORMBEFAIKE U, RENSGTHEFER 2B TH R, 2 OBEOREM 13
0. 1SPlEO. 8SLUIFMUfFELY, £7z, =T b - U— RoEKKIRE
SEMELTUE3 00 p Q—cmlI F2MFELL. k0HFELLIE 3puQ—c
mPIFTHs., /2. Vb - U—FREHIEROLEDF vy 72HET 215G
3. LEDF v I 0RMENLL RIOBREEN I ENRD LN D
. BHRINICIE, 0. Olcal/cm2/ cm/ CRUEMFELLL LI FELL
12 0. bcal/cm2/cm/CLlLTHS, ZhbOFtE2EHZIMEL L
TUE, k. M. kA0, BAVE. RFTAXNE - fERT Iy ZENEE
gehb,
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[0036]

(A>F—-U—-K1086)

£y F—-U—=K1062LTE =2 h-U—FK105 FLicEiEEHL
EDFv 7102 HEMmINn/EEBLETIAY—103LoiFmEN2b0THS
o XUV E - U= RLECEBOLEDF v S35, SEELT A v —
Al L 2 X O BLE CE SR e 35 08NS S, BRRNICIE, <7 b
U= K256 bicit->T. A2 F— - U—RoUAY—RoFT 10385
WA OHEY KELTHZ R EICE->TTI N - U—F26 L VBN 1 >~
F— - U— REEmSErEEN T4V —oMEzl< o encE s, WEKY
A ¥ — & ofhummE oM 213, BEMEEELTL., 6 SPIEL OSPITAYrE
Ly, 2 — - U— ROk E i ¢« ORISR S 5720121, HENT
DY —R7 L —LDfARERVTHROD T BIREFRIETYH L, HNEDT
DA F— - U= RKREERI®ZRISA >F— - U— FNLEEO—FEH]E = &ic
Ko THREETHRY, S5, A ¥F - U— REITBIRETAGER. SimA
&MY 2 2 212 & Y AT il O THFE & Bl S 2 [BRHCERE 5 2 &
HTES,

[0037)

A>F— - U—RiZ, EBEETAS Y —THLRT 1 T4 —FL O
MK OCBSAREN SRR Z AR 65, BARRIRESEbie L TiE 300
wuQ—cmPI I FELL, LOHFELLIE3uQ—cmPlFTTHE, Zhoo
Rt zwme MR e LT, sk il kA, BAVEMNOHE. @ RE Ay
XL7ZF7NVI=0h ¢k FHENFET SIS,

[0038]

(=51 7% 10 1)

AEAREICHW OGNS 2 —F 1 U ZEE1 0 1 &iF. E—V REM 1 04 & 13
Wb - U—=ROhy FICETENEZHDOTHY LEDF v FOFRANE LM
TE5T7 4 MNVIREAENMBEEINE DO TH S, a—F 1 » IEOHAR
BIATREE LT, =RF OBE. = U PR, o U 32— vk X ofitfitkic Eh s
BIABTEC A 72 EBFEICH WS ND, £z, 74 MV 2V REAR e I
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BRI Z SHE IR TO Ry, BERKREERI e Ld, F5 VY oo B
k% > BALT VI =0 b, BRICEZFSIFEICHC OGNS,
[0039]

(E—V NERMF1 0 4)

T—JV RERKT 1 0 413, FNF A A4 — RoFEHHBRICCCUCLEDF v 710
2, WEMNTAVY—103., 74 I xvrAGEEREEINa—F ¢~
ZERL O 1 & %MED SMRETEZ-DITHT B N TES, T—I)V RERMIZ

WU R TR E L2 W TES, £/2. 74 MV 2k 2 A0
N2 EZHIEE I L0k > THIEFA ZHRP T Z 3 TE S48, BilEeE— L Ric
HEAE2ESHEEDLZLICE->TCLEDF v 710 206 0fFmM2HEN S &8
2 S SICHRT I EMNTESL, Hick/z, E—I)L RERM 1 0 4 ZFH otk
1252 2ICk>TLEDSF v 725 ORNAFERIE VISR T 5L
YANR AR D 2 EMTESL, E->T. E—ILREHM 1 0 4 I3ERBFRE L 7=
FETH L, BRI NV Xk, MV XK E 613, FRLEHIm
26 TR Zh 6 2 B8R A GO Y TH S, E—VREMM1 04 D
BARRIMEL e LT, T2 L TRF U8R = U 7R > U a— i ol
PN 7o BRI 1 E I o B, k2, R LT
FHZ N DL WETFZ Y BET VI = L ELIERESAEICH S
had, 3612, HIBERNTMA TE—IV REMPIZSH 74 VI 28 2 RGOUKE
ZHIRDZZLHTES, LEMST, 74 VI X2 REMRITE IV RER
MHicESH IO 2n Mo a—F 14 V7R LICETERTHOBTY kW,
F7z, A—F 1 O TEE T VI 2 RGBS INBRE. €— VR
ERM R TR & e LB B O TOERSETH R, oA, AEk
R K VKNI EDWEMWPILNFENT AT — R THI N TESL, £ 1
NMHEEZRL TE—IVRIME 2 —TF 1 5L 2RI CEM &2 TR S T
bRV,

(004 0]
(FRoREEE)
KRN OFN T A A — R LEDFRresiCHH L 72836, RGBEZEZhEh
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FNT BINT A A — FORMABEPRIZFICEL LEDFRBED b, XUk
MICHBEREBEREIRLZLNTES, Tabb, EFNF A4 — Reillabgbi
THEZRR CRRBBEAREEL2DICIIRCBOEFRNET A4 — K2 EFhFhIbE
FHIFOLR 2 2/, Toloifkedh R FEROZTHZThEEAIRR
L7213 B HR T FEDH 7= Y OFRPKEL 2D, LT, BEROFR
DFEITB W TUIRGB AR R IR L TERMICRRER L Z e TERY
. ¥, BEROFRRIIERNFT A4 — REHFATL TRREE 508 FEEKD
B2 E A FERUME « FRL 20hidz 62, 2612, BRAIKKDLFRRT
HL5BCLEDFRREOHRT 5HRARHEICEL > T, RGBOFNY A4 —
RASERHNCHN S hFToREXEDL I HEOH L, NPRHOFN T A A4 — N%&
RGBOFNFA A — FITMATHAT S Z ick V. &Y EBHAETEES 22
e OBEROFANREL B2 R TI L TES, £/, RGBDOH
RHFAT—REDITRAEEDL LIV EELR N LS L TED,
(004 1)

REAFEH DT T A F — REHW TR REED 1 22 LT, RGBOEFOLS
A A= RICMACOBRIFNT A A — K2 1 AEL LTCHAL, ERP< Y >
Z AR EALEOTARICHLE & 7z L E DFRES OSSR %2773, L E D3
i3, BWEAEIEE T 2 RN nlg e & L BN S T 5, BNENDIRED S o il )]
VAT & - THE 4 OB GER T A AT VA FEL T HZ LN TE S, NE)
& e LTk, AJSh3HR T —F 2 —FHICiES¥ 2 RAM (Rando
m. Access. Memory) &, RAMIZIEEINLE T —¥ N8RS
A F — REFFEDIH 2 SITEN S¥ 5 120 oS35 %2 HE T 2 BRI HIIR &
. BEFRBIHEBO B IIE S TAL v F o 7E3NT. EFRNF A4 — Rel ¥
H5RIAN—LEIHA S, BHRGIHEEE. RAMIGEREIN ST —F 065700
FAF— ROENFZHEL OV 23552 H 75, 22T HEROFR
BT E1E. RGBERLF A A — KONV RESEELTLH, NIV AFEK
T Bl TEL ISRy, iUl ZhEa{ET 5 LD ICABERILy 14
— RISV 2ESEH T2, 2hickY., LEDFREBOHEBEEFRRT S,

(004 2]
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L7228 T, HERIOLSY A 4 — RefHOME TR S 520DV 2143
SEWET AEIGMERE L CCPUZNBRHKA S Z E2%MFE Lus, BEFGIM
RS H/1E N5 7OV ZE51E. AR A A - RO R A X—ITAN1E
NTRIANERL v F U TERD, RTIAN=DIDF b L QORFRNS A
F— RPN, F7iIcade2EIhd,

(004 3]

F /2. REARHORNET A A — REHW=Ho L EDF RS2 ~T, AEAFEHH
DHBRFETA A — FOB 2 HOCHEADOLEDRREEHELTLH5I2bTED
. HEMADOLEDFRREIE KAEARHOFOLFT A A - K501 0Bz RY v
2R SICEHE LR T 52 203 TE S5, RGBOZhZFhoIREIEKD{RD Y
I R En] BEZR ARFEFEHH DR & A 4 — KHENENDEE 0 22 & LU C L E DFRoREs
ERKESE L2 LM TELD, LEDFoREIE, EENERETH 5 i Elfs 7 & &
TN & ¥ 5, EXENERED & D HI170V R12 & - THE ¢ O B3R A BB
TFTAATVAFLSTHZ LN TES, MEERKE LTI AJIEhER0R87—%
P—EFrNCEEES A RAM (Random, Access, Memory) &
. RAMIGIERRE NS T — D oFNT A F — NEFIEDIHL SR S5
D DREFNE S B2 RET 2 BERGIMCRE o . BRI ORI MES TAL v F
TEINT, AT AT - FERNIELRITAN—L 2R 5, FMERGIHIREx
. RAMICELRRE NG T — 6 FO0F A A — RO ZHE L TV AE
FELHY 5,

[(0044)]

L7225 T, BEREHDOLEDFRREIIRGBD 7V T —FKoRd & Bz b Bk
[IPEAER % FEIRLC & 2 L ST E 5, T, Zlic RGB RN
B AF— ROFMMITHES AL 5 REDRNTF L AT LA T LI LN TCELHD
ThH2, . ERoFE, DB EHVIZL E DRI AR AR o Hicd
T HRBA 2 R oM@ L Twb,

(004 5]
(3 FHD
AEAFRH DR T A A — R R REED 1 HTHLHESEE L THHL 28E
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. REETREL TR 5 2 e Me[RETH 5 & TN T A A — Ro—FBHYH
L TOBRLLREVBELZEWSIFEBH S5, KERINOFET A A — KE
A 7235 B oMIEAE AR & U ¢, WHEME T — VR & hiz B i ARt
HEAT— REEESE D, DK RS A4 — K& Eh UIBACH) i
ENFAT AT — ROBIEEE AT A A — REEE LTk, T A A4 — Rt
Z2DOP EHWENRZENHESRICFEC A I — FREESI YL, & ToFLs
A A — ROEE S 3 & PPRICEMICAE S hbd, SRCE A 4 — R ROEHAMNA
BAEEEI e S AEEH I~ RE2FhFh, N FICkVigms etk &%
BHESHOBEARNICEIES® 5, LEDFRRSIE. MM B a7 LI &
£ ¥ ¥ A M OBEARNICEE S KA ICT Y a2 — > I LOFTHEM T EhTnd
. BEROFIRENE. 0L o XE2#TTH5E, £/, L EDRRIOELANBR
3 BERoEEPS TL Ny FUEBLERNZER TS, chick OeRvE
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S, FENETTHLLEDF v 72 HTXNF—NY R¥ >y v T2 H T 541E
P& FHOEOURD B3R A LSOO MEHE Z )% 6 L 72iF&icBnTid. L
EDF v I SRGEU 72800 BOERITH 5 & v 5 THHT RN X — SRS
w5, ZOEE, FOUMEEEITEORIMCE > THEHAT % &, HukB &
DIFALL T, SRR HAT B e AR TS, BT RS R T kD
AEREX O H LA BME T 9 2855055, [MICLEDF v YOIT{HI&T 65 h
TdRld, LEDF v 7OHRERHAERE,» S o S miRicb s 6 3hd
o EHIT, FRT A A — Fid, —BENCBEE— L RicgE S h U35 b 0D
ANERBRBREA & DAY DI AR & %2 522l & & & RUBERIC AT L 72k & 5l
ICMET 22 LIZTERY, EERIC L o TE. 2D & D RADWFLEE 105
DFTRIVF =R & > TENMEOR L2 RET HHGOH L, K7z,
A F MO FREGRNCE - TUEF v FIETITERE R L D BER/GRENEZEZZ L
. BFEPEACT LA EEMH L, Lz o T AEEFEHIE RO R AL, &
O TSR, BRI o HBE MIcB L TH IR DK PR BT h ot Tz
WRNEAF — R2RMtTL2 2 HB & T 5,

[0010]

(R Z k3 5 1 D FRY)

AREFEIH L, FOCEWEAT V) O LREHFEERTHLLEDF v T &,
LEDF v 726 DFpodin & —8E KIX L REML THRET 5 7 7+ b
W xRENMRE, BRI AF—RTH->T, FIRCLEDF v FD
RKAARTZ N VDOTE—228400nm»6553 0 nmNORNEKERET L&

%

ol
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iz, L7 4 MV 2228063 RE s (A1, Ga) 5012:CeThHdD

. fHL, REIX Y, Gd, Sm»HEREINhIAu0ledb -fliThHsb,
(001 1]
$/2, U b U—FRohy TRICEHESE/ZLEDF v F&, ZLEDF
w S BB T A -2 HOCEARNICRE I /A >F— - U— K&, HIECH
vy TWICTEIHS ¥ ea—5 1 V8B &, %= —5 ¢ 7. LEDF v 7,
WEETA PR V=R AT — - U—=Rodl &b FEW
BILE-NVRIME., 28T A A - RTH- T, HIELLEDF v 728
ZALHV O LRMEYHEERTH Y, HOoRliLa—F 1 Y EMBREs (Al
, Ga) 5012 :Ce 74 M IRV AR E BT LIEHNRECLH 5,
L. REIX Y, Gd, Sm»6®BRENLP0Lb HTHS,
(001 2]
T 61T, FIELT 4 RV R 2 AR DHRDR D — N T/REN SIS

A A-FTbHB, (Y1-p-q-rGdpCeqSmr) 3 (Al1-sGas) 5012

L. O=Sp=0. 8, 0. 003=qg=0. 2, 0. 0O003=r=0. 08,
0=s=1
[0013)

Fe, EREZUEBONT A A —FE< U v 7 ZARICAE L 72 L E DR
882, L EDFRRESLETMICHF S S iENEg L. 2F 3 5 LEDFRRE
ETH5,

[(0014]

[SEHH D S D T2 RE]

AFAFEHE T, o OFTEROFEER, v SOCRIC B 20T 2L ¥ — A3 HgH
WLEDF v 76 0RNNE 74 LI 2B 2GBRIC & » CTHEBE RS
FNT A F — NITBWT, FPEDOFRAKRCEOCARZ IR 5 & L1 & 0 S
. EROFEHARICB T R TREThEIETE 2 2 &% /i UAEES
%z R TS 7z,

[0015]
His, FEFA A - RICHOSENS 74 MU 222 R80EKRE LTI,

1H
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1. WEHICEN TS 2 e EREI NS, FHC, PEERFORE T2 & OUINE
1D &G SN B 7212 KBRS 0f%5H 6 4 OfFC b B & SasHayTaaRIc
b A BEH S, 2. FAETLOREEFHT 57208 TiEze<
BRIFOETHER I T S 2, 3. BO2HEL TROZRD SHFBZIDH
PIFOEATHER = &, 4. FOEE TITFHICHIE S h b =D RS RIFcH 5
. 5. BFEBHRESWEEROSEM RO RG Il icEx 6hbd Z &,
6. FNF A A — RoRHARBIIEL TitEE»H 2 2 L2 Lot iE a3 5 2
LR HNG,
[00186)

IS DFRFEHAT OO UTHRPRIGE, FOE T L TRUEIIET X
NWE=NY KXy v TEHTEIEAHT ) O LRMEEREAEZTE, 74 bV
2 AL LTREs (Al, Ga) 501 9 : CeditkEzHW5, Zhic
KV FRNETHL S S N2 HOERITB Y 2/ T 2V — X% ERFTE CH
FEES I HU L 725 T H - T R B BTN RNHEE DI R A% TAen
RNFAF—RETEZILRNTELLBDODTHS,

(001 7]

BARRNRNT A A — Ro—flle LT, Fv I ¥ A TLED.X2I1TRT, F
v 72 A TLEDDOEKR2 04 MIZELTY 7 L5 BEKEHWZLEDF v 7
2022 RFPUNIER EEHOTEESETHS, WHEM YA ¥Y—203 &L
Tafpz LEDF v 72 0 208 BERICST SN &8EM2 05 2icth
FhESHICESMEETHS, REs (Al, Ga) 501 3 : CetihE Ry
SHHERICRENRE R 2 b DR LEDFy 7, WEN T A ¥ — it ¥ 2RSS
REDSAFHETBE—IREM 20 1 2 LT IR E S, 2nk>%
RAFT A — RICEB 2SR LZ Ik > CLEDF v 720 2%FESE
%5, LEDFvyF202»060Fe., ToFocks TiEshzT + VI
2 v AHEAAARD S ORI & DRMIC LV AtaRe EBFRNAEERFAE A A
—Re925ZMTES, DT, FHFRHOWKIBMIZ DV THIET 5,

[001 8]

(HEEAR)
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AEAFEHHICHW S NS 74 MV e 2Bk e L Cid, RSO 5
FA I NI PO OEMMRTRME S W THRNT B 7 4 MV I 222 R8ObRE
v, IR 7+ MV x e RA806kE L TE. RE3 (Al, Ga) 5012
:Ce (fHL, REIX Y, Gd, Sm»oREh242eb—HH) THB
o ALK Y 7 LZALEYIEEARE W LED T v I 6FOEL 6. RF 4
— AT —DBHEETH Y 71 RV 2 2B 53T 580t &
WCHBGEE. LEDF v I250Fte., 74 MV 2k REN» 5 oFok
&, BREFRRSEL L OBRROIDCEFRRETI LB TEL, CORDIL
FAF— RKAERICiE, LEDF v IS 0FNE 74 MV 222 AN S
DFNEBE—IN REMEBRT D LENH L, LT, 74 VI xS
AR D NNV T TENR EICLEDFy 72BH L 28, 74 VI 222800
HRIEICLEDF vy 706 X FERT 2B088% 1 J5E 2 D T 2 ROFOL
FAF—RELTHBRY, /2. 74 bV b2 28RO A Z RN T
FICEHSIELEDF v 725 O HER T S HEICH IR IETOR:, 7
F RV 2B RUADGR R & L O RRD B, FTOHHEZH KTz
NMOFHZ T ORI EREIRT 5 2 LIk 0 [ SOEROR SEE0BHR
PSR L LN TE D,

[0019]

6T, 74 MV 2 AEOUROEZHE MM, BEMERMAMEIC bR
5, $abb, 7x bNVIXE I REOEERBEHEEIN/ca—F 1 Y ITERE—V
RERM RS LEDF v FIZad - T # bV I 2 ¥ 2 296K D /16
STV ETE, ANEBERIE & Dk e ¥ DFEEE LY ZTIT K AT L BH
AEZHIHEI LT, 5, 74 MV 2 REMROSHENMMNIEZ LEDF v 7
A6 € — )V RERMRIEHNC IR > TOMEIREEANE < 72 5 L AGRERLRAN & DKy D
WE TR TR LEDS v 756 OFERL, WU R & o528 L 0 el
7 bV e RENEROFALEIHIT L 23 TEL, LS, Tx b
VR R AERDNMEIE,. 74 VI R AR R SE T HERM. 2R
BB KR T VI 22V REOUROTZR, KM & fI D 2 &
k> CTHE ¢ TR E B H Z LT E D, Lt > T AR 212 & 0 Hottk
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DAL R, i BRT 52 en8TE 3,
[0020]

REEFRHH DO 7 4 bV 22 v A8EHRIE. FHCLEDF v 7 e T 580033
PLUEESIhEESL LT (Ee) =3W--cm 2P F1OW:cm— 2D F
CBWTHERFRIC | AR E T 2388 A A — Re T2 enTcED,

[0021)]

AREEFHICHV SN DS 7 MV 22 REOERIE. H—F v MEEDZD,
B SEROKMTHEL . HEARZ BV DOE =224 5 0 n mfHITICE®E 2 &
MTED, /2, FEE—21530nmfTICHY 700 nmETHEZG T
0— R2RNART MVER2, L2y, HKOA 1 0—58% G a TERT L2
ETCRMBEMRFREICY T ML, RO Y D -H%ECGd CEMTLZ 2T
. RNBEENRREANY 7T, 20k IClREENT S 2 & THRLEEE
FRICHEI T 52 L E[EETH S, LIzdt - T BREMAOWMENG d ofilakit
TR Z & h b 7% S W ER kOB ERTOE A BRFOUCEM T 5 /-
D DIHFMZHA TS,

[0022]

Fz, BV LR FELEHW ZLEDFy &, U DAL TES QT
Ay RUDL - TII=TL - H—Fy MUK (YAG) IZHFLBICFEoH=
Uz (Sm) 25H3IE2T7x M e 2808Ke, 28T H5FEF 4 A4
—R&FBZZ LTk S SIDBNEEZRN LIVEINTES,

[0023]

TDEIRTHF NI FEZAEEARIEL, Y. Gd, Ce., Sm. A1lXKUG
a DR e UTEALY). XI3EmR AR IS Ic 22 tamEHRAL. Ths
A EwLLTT MR L TR 2ES. XiE Y. Gd. Ce. SmoOFA L
BOCEZAUEERILTRRICEHM L 728 B THILL 2 b o2 KL TF
na gy e, BTNV I = b BT Y Le 2EEL TREGERZH
5, 279y 722 LT vib7 = bFo 7 v 2 EEES L T
e, 2281 350~1450° CoEEHIPET 2~ 5 FRRYEER L CTHER
B ISR E KB TR - VI VLT, Yed. k. S2Re. SERICHizid
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T THLILENTED,
[0024)]

(Y1-p—q-rGdpCeqgSmy) 3A1 5071274 ML 2EyRAEMMEIT, Kk
FICGdZ2EHT522icky. HiT4 6 0 n mP F o EREROHERCEhE
EHmLTLHIENTEL, HRU=OLOEGHROHMCKLY, FOEY— I ¥R
A5, 530nm»5H570nmETRERICHEIL, DR0FOLRR b REREM
237 b5, RAROBOFLENNE RIS, GdOERER22LT52LT
ERTES, J5. Gdand s e, BRIk 74 VI REVRD
RAFZLIIIR TN T T B, L7228 T, plid 0. 8LINTHBZ eMUfEL<

0. TUUFTHBZLMNEVUFELY, EBIZUFFELLIZO. 6LITNTH S,

[0025]

SmEEHTS (Y1—-p—q-rGdpCeyqSm,) 3A1 50 280Kk, Gdo&
HEOWINMIED & TEENEOR’R TR, CHLIICSmEIZHIEL S
L2k, EEEICBU S T 4 MV Ry AR O FOLRER IR c B
hd, ToOWEINLIBEEIIGAdDETHFENE L RDIFTERELIRS, Tobb
. Gd 2L TT 4 bV 28 2 AR DFOCEFTNI R B 2 5L 7o filRIE
S mOTHIC K ZEBFHCCRIARITH 5 Z &30 olz, B, 22
TORBEFFMELIE, 4 50 nmOBFENICELDLFEIR (2 5° C) ITBJ DTy
NHERICT Y B, Rk oER (2 00° C) 2B 2RICHER oMHE (%
) TERLTWS, )

[0026]

SmOEHEIZ0. 0003=r=0. 0 8o#ificiEEiMtI6 0%LIEL
ROUFELY, ZoHIPHEY rAVNE e, EHERFHSROMENE 25,
F/z. COHHEY rAKRE 2L LRI FLTL%, 0. 000
7T=r=0. 02O TIHEEFEIZ8 0%l EEmYmbirE Ly,

[0027]

Celd0. 003=qg=0. 2DHHTHRIFOCRERAS7 0% EERD5, q
0. 003PITTIE Celdkd7a MU 2ty XADRFEFDCH L DTN
DT L CHRIEIRTL., ®iS. 0. 2K KEL 2D CEEMWEETS,
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[00 28]

RS DR F A F — RIcBWT I D & D77 7 VI R 2 RERIT,
2L FOREs (Al, Ga) 5012 :Ce 74 VI 2R ERS
IRTOH I, M, AL, Ga, YXRUGAdRSmoEHENRS 2 HH L
+DRE3 (Al, Ga) 5012:Ce 74 bIREIREEERERESETR
GBOWERNEZWRT N TEL, Zhic, 9T NF—FHEZ &
RV IV T —HMRREERAE LTHORATE S,

[0029]

(LED¥+v 7102, 202, 702)

AARHICHWSNALEDFy 723, RE3z (Al, Ga) 5012 : Cetl
KR T RN R BT T & 2 2SR ERET 5 h b, RNAETTHD
LED¥ v 713, MOCVDZEFIC LD HEMN EIC T n G a NFEOFIEMKEFOVY
ELUERESES, FlkofEe L. M1 SHES. P I NEERLPNES
IR E BT HAREHE, ~TOWEDLWIET ITNAAT OO L ONFET S5h
%, PEAKGOMER Z DORBEIC k> TRAWEEH BT 2228 TE 5
o FEz, FEAREMEE B TARAVET S EEICERE o BB TSR
ZHEBE I IBEE T L TES,

[0030]

ZAH Y 7 LRSI R A L 2, CPRAE Y T A7, A
Ex), SiC., Si. ZnOFoMRBH6NS, FMEtoRWEAT YU D
LEEREEL72DITEF T T 7 A YERMEHNLZ B HELY, 2OV T 7 A
YEMNEICGaN, AINFEoNy 7y —Jg2FRL 20 FICPNESE2HT 2
ZALH U 7 LFEEKRE RS 5, BT Y 7 L RPERRE, AN E R—FL
IRUVRAE T NRBEEM 2089, BRI FE ¢ 522 SO N Y »
LR E TR S ¥ B IEEIE. NBIR— 2 k2L TSi, Ge, Se, Te,
CHEEZWMHEATLZ MU E LY, 7. PRZEALHY 7 LYEREERE
HEF. PRIK—NURTEHBHZn, Mg, Be, Ca, Sr, BaZE%d K—
TEIRDL, BAAHY D LRMEYHEERT, PRI 2 R—FL72ETT
FPEMELICK W PRI R — 82 MEATRIS, 42 X 503, ARERET- RN
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RTFATHIFIC LY 7= — VT 52 CPHMEER L Z EAMFEL YL, Ty
F 2 7R &Y PRINER KON REEROTR N & 2 S $ 7218, g
FIZA Sy F U 2 R EZERE R 8 R O UTHO TSR 0K B R Rk & &
%,

[0031]

iz, FEREh P8k o N—-EFE2 ¥ (4 v RlloYeE2HTEH5T V- K
MUERT B AT YISk VEHE TNV Yy 8T 50, XFAMEL Y b5
MEDOWETI VALK (N—THhy b)) | NS ko THEERT TN—2H] 5,
B50E, Fo F A ¥ E Y FEPEREREE)TE5 27 54 -1 LYk
TIN—IHD THIWA Y S 4 T 14> GERY) ZHXIEEBERICTIWZE,
ANk > TTTN—ZHOFEEKT TN F v TRITHY 8T 5, ok
IS L TEALH U Y LRMLEYEEARTH L LEDF v T2 REE5H 2 LT
&5,

[0032]

ARNPFHOFEOT A F — RITBWTHBERZFIDLSELHGIE. 71 LI x
¥ v AR OEERRBIIESELZ SR L TRAETOFRNEEIF4 00
nmPlES530nmPI T fELL, 420nmPUE4 90 nmbPITWEYEFE
Lvs, LEDF v 7L 74 hIbyRENMRE OMFEEZ FRFh L EE
BEEDITE. 450nmbllE4 75 nmlI &SI E LY, HREIFIHON
BRRAT A A — ROFHARZ MV EN3IT8T, 4 50 nmffiTice—2%
FIoFAMLEDF v I 60RNATHY. 57 0 nmfHiTicE— 27 2Ho30N
MLEDF v ik THIEEN/Z2T7 4 VI X BV ADRNTH S,

[0033]

CHEEM 7 A¥Y—103. 203)

WHEMETA¥Y—-103, 203&L T LEDFvF102, 2020HE
LA - v 2, BRI, ES R K CEMREMEAY LD DASRD 6
h, BB L T30, Olcal //cm2/cm/ CLEMHELL, &
DEFELLIXO0. B5cal/cm2,/cm/ CRlLTHD, £/-. fFEEHNRER
FZRL CHEEMH T A v —DERIE. HFELLIE @1 0pmblk. ©4 5 umpl
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TThs, Zo&k)REEWRY A v—2 L THEKIICIE, £, . A& 743
=2 LEOLBROTHSDELEAWZEER A Y —BEToNE, 20k
I REEM T AV~ XLEDF v JOEME, f>F— - V- KL= v
K U—=RlrEe, 29X —RUF 1 U IIRBIC k- TEB IS MEIELZ &
WTED,
[(0034)]

(=7 h-U—-K105)

<7 k- U—=K1052LTE. LEDFv7102%2lBEIRLLDTH
D, FAR R ETHE TS0l kESIWHNIRY, £72. LE
DF v 72 ERHREL~Y YL - U= RE2LEDF v Yoii@dEMm e U CRIHT
LHETBOTUL. +REAEEMN R T 7T A ¥ —F L oK
Do, ¥, U bh - U—FNEohy TAICLEDFy T 2HIE T % &3t
ICEOLERE NEBIC TS ¥ 518, IHEL TRIE S0 sy A A — K
SONICKEVENEN T B 2Bk T25Z e TE B,

[0035])

LEDFy7/102&=o2 k- U—=FK1050Dhy 7L OEEIIRWEI MR
e 81k >TTD 2 & TE S, HRRNICIE, =RF U8R 77 U iithiEs
A4 I Rl EMBFETFToNns, £/, 7=—AF 2 LEDF v T ickd=
TYh s U REHHEEL L HCESINICHME B 5 2DITITA g X— A |,
H—=RoR=2~, £BAVTELHANLZENTES, E56I13, FEEFAF—
ROEHMERN LEE520ICLEDFy IPREEShL< v k- J—F
DOXRMEEFAK L U, RENSUIHEHERIFz 2 THO R, Z 0RGoREM 1
0. 1SPIEO. 8SLIFMfELY, 7z, = >k - U—RoEMAKR2E
SEITELTE3 00 uQ—cmbPIFrELL., &K04FFELLIE 3uQ—c
mPIFTHs, /2, U b - U—RNRECEBOLEDFy Y2%HMET 2155
iZ. LEDF v 75 0RMEMNLL 25 -DBUREE NI 2R 5 b
. HARIICIE, 0. Olcal/cm2/cm/ CLIEMFEFLLLVEFELL
12 0. 5cal/cm2/cm/CPLTHE, ZhooFEimi=IHEE L
TIE. 8k Hi. B AVE. BAVH. RFTA A NE - ERS Iy ZENEE
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JTenbd,
[0036]

(A>F—+-U—-K106)

A F—+U—K106&LTE U h-U—F105 cESHhEZL
EDFv7102simEh/-ElEETAY—103LomeENLbOTHL
o TR - U—=RECEHBOLEDFy F2HT GG, SEE MY (v —
G- LA L 2 K D BLE T & 2R e T2 08B 5, BREICIE, < b
U= KB HNGICHE->T, A2 F— - V—FRDIAXY—ROF 4 &5
A DOAEFEEZ KELTHZ LR LICEkoTYU b - U= RS L DHiN/z A >

— - U= REMES 2B T A v — DAz LY TE 5, BT
£ ¥ — & OfEFmE O 1. BEMEHRBLTCL. 6 SPIEL1 O SLITAMrE
Ly, 43— U— RoEBEE « o2 RIS 5 -01cid, H5»1T
DU — K7LV —LDKERPETRD T BIRE AR I ETH £, 8inideT
DA I — s U= REeFERESELRICA F— - U— LS —-F%H]5 Z &ic
FoTHRERTHLRY, E5I1F. A >F - U— REFTBIRSRE. Wim A
M2 & MHT 5 2 212 & 0 T O SGH O HFE & Hilfis S 2 [ERICEREE 5 2 &
HTED,

[0037]

A F— - U—=FKik WHENUAY—-THERIT 1 ULV —FL DM
MR OELAEESR N RO 5N 5, BRFR@ESI i L TiE 300
LQ—cmPIFBHFELL., X0 FFLLIF3uQ—cmllTFTTHS, Zhbo
FF ez dR e LTid 8k il kAU, BAVEIXRTE, & RERXY
FLETNVI=T L, $k EPET LIS,

[0038]

(2—5 4> Z%101)

REEFRHICHWONL A—F 0 > 7861 0 1 &%, T—/VREM 1 04 213
W h - U—RDOhy ICEToENZ2HDTHY LEDF v TOFNE LR
2574 MNIxBRAENMEBEFEINLbDTHS, a—F 1 > 7Eo Bk
BIAPEEE U Cid, oARFOBE. = U 7RHIR. VU 22— L & otk icEhn s
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BHABTHEC T2 EAMFEICHW NS, £/, 74 PV 2B 2900k H
HIERZ S HESETO Ry, BRREER E LTE, F7 VBRI L B
IbF > BAET VI =T b, BICEHZEERFRICHN OGNS,

[0039])

(E— )V RERM 1 0 4)

E—)V RERFF1 O 413, ¥ 44— RoFHHBRIJEUCLEDF Yy 710
2, WEMHTAY—103, 71 MLIRBURENEBEFINZT—FT 1~
ZE1 0 1282 MEr S RETLZ2DICHTLZ LM TESL, T FEMIX
L RRICIIREE O TR S B 2 M TE S, £/, T4 hVI 22 R
Ntk ZHEEL 2 LI k> THEHA 20T 2 AT E S5, BIEE— IV RIC
HEHNESHIELZLICX>TCLEDF v 71 0 206 0fRmME2HEN S 6
P % & SR T L NTE S, HIck /-, E—JVREBH 1 0 4 ZFrtHo Rk
2952 2ICk>TLEDF v 706 ORNFER I G-V IRV T L L
VAR EFFIZ B Z EATE D, Mo T TV RERM 1 0 4 I3 ERBFRIE L 7=
METH v, BEFNCE, OV XK. MU RS 6123, OB
e RTHMNEKRS 20 6 2 BRM A G chsH. E—IVEREM1 04D
BRBME e LT, B2 L ToRFONE =Y 7HE U 22— ik X o
eI 7o BIHRIRO M 12 S8 fEicH e D, Ee HRERIE LT3
FH VN L, LT F T LT VI = A BEEREDEICH VS
had, 3561, BN ATE -V REMHIZY 7 BV 2 & 0 2800 E
EHIRDBILHTESL, L5 T, 74 MV 2 RAFHRITE— IV RE
MHICEEIRTOZh Ao a—F 0 U 7ER EICEHIETHNRTY LUy,
T/, =T 4 2 TEE T 4 VI R REOUERISHE I N-HE €U R
M 2T REL LIRRSTEME O TERSETCORY., 2ot Akt
B L0 KN 2E DRI AT AT - R T BN TED, i &
PFrEEERBL TE—IVREME a2 —F ¢ > 7EEE 2 E LM 2 O TR S ®T
bR,

[004 0]

(ForRiE)
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AEAFEH DTS A F — FEZ LEDFRrasICHH L 72358, RGB&ZThTh
FNT BFRNFAF — FOMAEGHERFICESZLEDERELV Y, kU Sk
HICHERRRE®EDLZ N TEL, Tobb, EFRAF A4 - REHAEGDE
THBRAR EE2RBOFREE DL 2DICIEIRGBOXFRNET A 4 — K& FhFhb
FHICTOER X2 2B, ZoOFRER REH FEROZhZThREBEFRR
L7 R —HESH 2 ) OFRWIKE LD, Lizhs T HBROFR
DIFEFITBWTITIRGBHER R MR TERBMICRRIE L 2 2B TER,
. k72, BBEROFTRIIEFNT A A — F2HFMI L THRREE 5 053Uk
BN AR 2 H R UM « L 2032 by, 3610, BEICKDEFRRT
» B2 LEDFRBOBET 2 HARAEIC L >C. RGBOFRNLK A A —
RASEBAHNCIHNE S NEBREPEDL RGO H 5, REFRHOFOLT A4 — K%
RGBOFRNF A A — RITMATHHT 2 Z 212 kY. ke nlgEL 2
5 eHTHBERORADIEELEL 62 2T 2L b TEL, /2. RGBOK
FENFTAF— REDIITOEEI B Z LICK VRN LEREZ & TES,

[004 1)

AEAARN OFET A F — FE MO TRREED 1 D& L. RGBOAFNS
A F = RISMACHBRET A A —RE 1AKRL LTHAHL, RSty >
ZAR 72 EATEOFAARICHLE & ¥ 7= L E DFERUSOMISHER %277, L E DR
3, BRENEIER TH B AT ISR & e BRI E E 5, ENENEIRED & o il TN
WVRIZ & o THE 4 ORISR HER T A ATV AL T2 2 & TE S, HE)
g e LTid. ANENLEFERTF—% 22— &E¥5RAM (Rando
m. Access, Memory) &, RAMICIEEISNDF—Fhb&{FNGES
A F— REFFEDIHZ X250 S| 5 -0 0EHME S % WE T 2 BRI HIE »
. BERHIRIEREO B IMES CAL v F U Z7ENT, EFRAF A A - RERNE®
LRIAN- %A D, BEMEIMEIEEL. RAMICEEBIhL T -2 05K
FAF— ROENRMZHREL TV 2ESE2HITE, 22T ABROFR
BITOBEE. RGBEFRNE A A — ROV 2G5 %25 T5, NIV AFEK
T BHNNIEL A SRR, i, ThE@ET 2 LD ICHBRIOCT A4
— R 2252175, Chicky, LEDEREOOBERRT S,

TCL 1002, Page 194



(004 2]

L72d-> T, BBERFNSY A4 — RO TR S ¥ 572007V 2145
SERWHET HERBIMEERE L TCPUZRN®RIKA S Z &A% L, BERGIH
ElEE2 S HT1E B NV 2E3513. ABRRFENET A A — RO RIT A4 R—I AJ)S
NTRSANERS v F U T ERD, RIAN=DBF ViThd & QBRINET A
F— KWBREh, 71025 8 HIEhs,

[0043)

F 7z, REARHORNE A A — KEHON0 L ED#RRSE T, AEFEH
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
12/548,618 08/27/2009 2879 1090 0020-5147PUSS 14 1
CONFIRMATION NO. 7447
2292 FILING RECEIPT
BIRCH STEWART KOLASCH & BIRCH
PO BOX 747 LT
000000038029693

FALLS CHURCH, VA 22040-0747
Date Mailed: 10/05/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
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 U.S. 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 a 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 12/028,062 02/08/2008
which is a DIV of 10/609,402 07/01/2003 PAT 7,362,048
which is a DIV of 09/458,024 12/10/1999 PAT 6,614,179
which is a DIV of 09/300,315 04/28/1999 PAT 6,069,440
which is a DIV of 08/902,725 07/29/1997 PAT 5,998,925

Foreign Applications

JAPAN P 08-198585 07/29/1996
JAPAN P 08-244339 09/17/1996
JAPAN P 08-245381 09/18/1996
JAPAN P 08-359004 12/27/1996
JAPAN P 09-081010 03/31/1997

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) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 09/29/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/548,618

Projected Publication Date: 01/14/2010
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 U.S. 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 U.S. 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 USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.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 U.S. 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 & 5.15
GRANTED

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 after the 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 PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER |

FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
12/548,618 08/27/2009 Yoshinori SHIMIZU 0020-5147PUSS
CONFIRMATION NO. 7447
2292 IMPROPER CPOA LETTER
BIRCH STEWART KOLASCH & BIRCH
PO BOX 747

L
FALLS CHURCH, VA 22040-0747

Date Mailed: 10/05/2009

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/27/2009. The Power of Attorney in this application is not
accepted for 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.

/bpham/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/SB/05 (08-08)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond to a collection of information unless it displays a valid OMB control number.

UTILITY Attorney Docket No. 0020-5147PUSH
First Inventor Yoshinori SHIMIZU
PATENT APPLICATION
TRANSMITTAL Tile | LIGHT EMITTING DEVICE AND DISPLAY
(ONLY FOR NEW NONPROVISIONAL APPLICATIONS UNDER

37 CFR 1.55(8) Express Mail Label No.
e e T

APPLICATION ELEMENTS Commissioner for Patents

See MPEP chapter 600 concerning ulility patent application contents. ADDRESS TO: Zlgx aBn(::I):'i1a4?I(3\ 22313-1450

1. Fee Transmittal Form {e.g., PTO/SB/17) ACCOMPANYING APPLICATION PARTS
Applicant claims small entity status. D : h

2. See 37 CER 127, 9. Assignment Papers (cover sheet & document(s))

3. Specification [Total Pages 60 ] Name of Assignee

Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP 608.01(a})

4, Drawing(s) (35 U.S.C. 113) [Total Sheets 19 ]

5. Oath or Declaration [Total Sheets 2 1 10. 37 CFR 3.73(b) Statement Power of
- (when there is an assignee) Attorney
a. EI Newly executed (original or copy) 11. D English Translation Document (if applicable)
A copy from a prior application (37 CFR 1.63(d)) . : : "
b. | x | oy from a prior application (37 OFR 1,63 12.[ x | Information Disclosure Statement (PTO/SB/08 or PTO-1449)
i D_ELETION OF INVENTOR(S) D Copies of citations attached
Signed statement attached deleting inventor(s) name in the

prior application, see 37 CFR 1.63(d)(2) and 1.33(b). 13 D Preliminary Amendment

6. [:I Application Data Sheet. See 37 CFR 1.76

7. CD-ROM or CD-R in duplicate, large table or 14. Return Receipt Postcard (MPEP 503)
Computer Program (Appendix) (Should be specifically itemized)
l:l Landscape Table on CD
8. Nucleotide and/or Amino Acid Sequence Submission 15. Certified Copy of Priority Document(s)
(if applicable, items a. — ¢. are required) (if foreign priority is claimed)

16. D Nonpublication Request under 35 U.S.C.122 (b)(2)(B)(i).

Applicant must attach form PTO/SB/35 or equivalent.
a. D Computer Readable Form (CRF)

b. Specification Sequence Listing on: 17. other: | Copy of letter submitting priority documents
i. D CD-ROM or CD-R (2 copies); or il |___| Paper

c. l:’ Statements verifying identity of above copies

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

[ ] continuation Divisional [ | Continuation-in-part (CIP) of prior application No.: 12/028,062
Prior application information: Examiner Abdulfattah B. Mustapha Art Unit: 2812
19. CORRESPONDENCE ADDRESS
The address associated with Customer Number: ! 02292 l OR D Correspondence address below
Name
Address
City l State | | Zip Code |
Country Telephone

Signature Date

Name P Registration No.
Narme And )r/m.km Regstaton No: | 32,868

Birch, Stewart, Kolasch & Birch, LLP ADM/ E%Ias
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Docket No.: 0020-5147PUS5
(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 7 2009 Art Unit: N/A

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

INFORMATION DISCLOSURE STATEMENT
(SUBMISSION WITH DIVISIONAL APPLICATION)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

Pursuant to 37 C.F.R. §§ 1.97 and 1.98, applicant(s) hereby submit(s) an Information

Disclosure Statement for consideration by the Examiner.

L LIST OF PATENTS, PUBLICATIONS OR OTHER INFORMATION
The patents, publications, or other information submitted for consideration by the Office

are listed on the PTO-SBO08(s), attached hereto.

II. COPIES
] a. Copies of cited U.S. patents and patent application publications are not included.

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

] b. Some or all of the documents listed on the PTO-SB08 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 ADM/ETP/las
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Application No.: Docket No.: 0020-5147PUSS5

IZI C. REFERENCES PREVIOUSLY CITED OR 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 copies 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:

12/028,062 filed February 8, 2008

1.  CONCISE EXPLANATION OF THE RELEVANCE

(check at least one box)

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

publications, or other information listed on the attached PTO SBO08 are in the English language

and therefore, do not require a statement of relevancy.

[] . 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:

] c. 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).

X d. OTHER - The following additional information is provided for the Examiner's
consideration. All references were cited during prosecution of parent Application No.

12/028,062 filed February 8, 2008.

IV.  FEES (check one box)
] a. This Information Disclosure Statement is being filed concurrently with the filing

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

2 ADM/ETP/las
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Application No.: =~ ' Docket No.: 0020-5147PUSS5

X 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.

] 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.

] d. 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.
§ 1.97(b)(2)). No fee or statement is required.

] €. This Information Disclosure Statement is being filed concurrently with the filing
of a Request for Continued Examination under § 1.114 (37 C.F.R. § 1.97(b)(4)). No fee or

statement is required.

] f. This Information Disclosure Statement is being filed before the mailing date of a
first Action on the merits (37 C.F.R. § 1.97(b)(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.
§ 1.97(c) and see the statement under 37 C.F.R. § 1.97(¢e) below, or, if no statement has been
made, charge our deposit account for the fee as required by 37 C.F.R. § 1.17(p).

] 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. § 1.97(c)(1)) or before the mailing
date of a Notice of Allowance under 37 C.F.R. § 1.311 (See 37 C.F.R. § 1.97(c)(2)).
] No statement; therefore, a fee as required by 37 C.F.R. § 1.17(p) is attached.
or

] See the statement below. No fee is required.

V. STATEMENT UNDER 37 C.F.R. § 1.97(¢)
(check only one box)

The undersigned hereby states that:

3 ADM/ETP/las
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- Application No.: Docket No.: 0020-5147PUSS

L] 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

L] b. 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

three months prior to the filing of this IDS; or

] c. 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 37 C.F.R. § 1.56(c) more than three months prior to the filing of the
IDS.

] d. 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
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LIGHT EMITTING DEVICE AND DISPLAY
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional of U.S. Application No. 12/028,062 filed
February &, 2008, which is a divisional of U.S. Application No. 10/609,402 filed July 1,
2003, now U.S. Patent 7,362,048, which is a divisional of U.S. Application No.
09/458,024, filed December 10, 1999, now U.S. Patent 6,614,179, which is a divisional of
U.S. Application No. 09/300,315, filed on April 28, 1999, now U.S. Patent 6,069,440,
which is a divisional of U.S. Application No. 08/902,725, filed on July 29, 1997, now U.S.
Patent 5,998,925, which also claims priority on Japanese Patent Application Nos. P 08-
198585 filed July 29, 1996; P 08-244339 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 burn-out and has good initial drive
characteristic, high vibration resistance and durability to endure repetitive ON/OFF

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, 7-176794 and 8-7614. 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. Darkening 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 emiiting 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-
lummance 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: IniGajALN where 0<i, 0<j, 0<k and i+j+k=1)
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 IniGa;ALN where 0<i, 0<j, 0<k 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 Y3Al504,:Ce and GdzInsO;,:Ce.
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[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
Al, 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 (Re;Smy)3(Al1sGas)s012:Ce,
where 0<r<1 and 0<s<1 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 yttrivm-aluminum-
garnet fluorescent material is used.

[0024] Also in the light emitting device of the present invention, 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 (Ypq-GdpCeqSm;)i(Al1sGas)sOr2 as the

phosphor, where 0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08 and 0<s<1.
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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;..Sm,);(Al;sGas)sO12:Ce, where 0<r<1 and 0<s<1 and
Re is at least one selected from Y and Gd.

10027] 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 Y;(Al;{Gas)sO12:Ce and a second fluorescent
material represented by general formula Re;AlsO12:Ce, where 0<s<I and Re is at lcast
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-aluminum-
gamet 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 phosphor 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 contains 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
Al

[0041] In the light emitting diode of the present invention, the phosphor may be a
fluorescent material represented by a general formula (Re;,Smy)3(Al;Gag)sOq2:Ce,

where 0<r<1 and 0<s<1 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.p-q-GdyCeqSm;)3(Al1.sGas)sO12 may be used
as the phosphor, where 0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08 and 0<s<1.

[0043] In the light emitting diode of the present invention, the phosphor
preferably contain two or more yttrium-aluminum-garnet 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 (Re;.
Smy)s(Al; Gag)sO12:Ce, where 0<r<1 and 0<s<1 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;4Gas)s012:Ce and a second
fluorescent material represented by a general formula ResAl;0,,:Ce, may be used as the
phosphor where 0<s<1 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 nm 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 DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 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
mvention.

[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-garnet fluorescent material activated by cerium used in the second
embodiment of the present invention.

[0055] Fig. 6 shows the chromaticity 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.

10066] 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 nm.

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

[0068] Fig. 18A shows the emission spectrum of the phosphor
(Y0.6Gdg 4)3A1504,: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. 18C shows the emission spectrum of the light emitting diode of
Example 2.

[0071] Fig. 19A shows the emission spectrum of the phosphor
(Y0.2Gdpg)3Als012: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 Y3;Al;0:,: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(Alo.sGags)sOr2:Ce 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
(Y0.5Gdp2)3Als015:Ce of Example 11.

[0081] Fig. 22B shows the emission spectrum of the phosphor
(Y0.4Gdy 6)3AL5012:Ce 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 11.

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. 1 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 n 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 second embodiments to be
described below have the configuration shown in Fig. 1 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.

Embodiment 1

[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 gamet 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 light 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 gamet 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 Al, Ga and In. According to the present invention, the
fluorescent material is preferably yttrium-aluminum-garnet fluorescent material (YAG
phosphor) activated with cerium, or a fluorescent material represented by general formula
(Re1.5m;)3(Al sGag)s012:Ce, where 0<r<1 and 0<s<1, 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] (Ee) within the range from 3 Wem-2 to 10 Wem-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 excitation 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
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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 photoluminescence 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 (Y1-aGda)3(All-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 of material No. 1 which are set to 100.

[0112] When substituting Al with Ga, the proportion is preferably within the
range from Ga: Al=1:1 to 4:6 in consideration of the emission efficiency and emission
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 Y:Gd of Y and
Gd in the YAG fluorescent material is set within the range from 4:1 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 Y:Gd 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 70% 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 substituﬁng part of Al 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-garnet fluorescent materials (YAG)
activated with cerium.

[0115] Material for making such a phosphor is made by using oxides of Y, Gd,
Ce, Sm, Al 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 (Y1-p-g-
rGdpCeqSmr)3AI5012 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 of photoluminescence 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-g-
rGdpCeqSmr)3A15012 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 of 450nm at the normal temperature (25°C).

[0119] The proportion of Sm is preferably within the range of 0.0003<r<0.08 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
0.0007<r<0.02 for the proportion of Sm where temperature characteristic becomes 80%
or higher is more desirable.

[0120] The proportion q of Ce is preferably in a range of 0.003<g<0.2, 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 of a fluorescent material where g=0.03.
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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-tGdpCeqSmr)3Al5012 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.

(Light emitting components 102, 202)

[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, AIN, 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 a P type dopant, it is preferable to treat the
gallium nitride compound semiconductor doped with P type dopant 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 deposition.

[0125] 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 movement.
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 400nm to 530nm 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 preferéble that the wavelength be from 450nm to 475nm, 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 1 and blue
LED (light emitting component) having peak wavelength 465nm. Color of light emitted
by this white light emitting diode correspor_lds 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. 17 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 of blue 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 red/white light.

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

described below.

(Conductive wires 103, 203)

[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
cal/(s)(cm2)(°C/cm) or higher, and more preferably 0.5 cal/(s)(cm2)(°C/cm) or higher.
For workability, diameter of the conductive wire is preferably from 10pum to 45um
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 25um and, for the reason of light emitting area
and ease of handling, preferably within 35um. 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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(Mount lead 105)

[0131] The mount lead 105 comprises a cup 105a and a lead 105b, and it suffices
to have a size enough for mounting the light emitting component 102 with the wire
bonding 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 sucﬁ 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 105a) 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 roughness is preferably
from 0.1S to 0.8 S inclusive. Electric resistance of the mount lead is preferably within
300pQ2-cm and more preferably within 3pQ-cm. When mounting 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 cal/(s)(cm2)(°C/cm) or higher,
and more preferably 0.5 cal/(s)(cm2)(°C/cm) or higher. Materials which satisfy these
requirements contain steel, copper, copper-clad steel, copper-clad tin and metallized

ceramics.

(Inner lead 106)

[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 1s 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.

[0134] 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 300puQ-cm and more preferably within 3uQ-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 101)

[0135] The coating material 101 is provided 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 101 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 further 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 and/or 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-gamnet 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 be 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 0<r<1 and 0<s<£1, and Re is at lleast 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 li ght emitting diode which is subject to
extremely insignificant color shift and emission luminance decrease and has the desired

emission component of high 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 case 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 concentration 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 (Ee) within the range from 3 Wem-2 to 10 Wem-2
can be made.

[0142] The yttrium-aluminum-garnet fluorescent material activated with cerium
(YAG 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-aluminum-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 broad as to tail out to 700nm. This
makes it possible to emit green light. The peak wavelength of excitation of another
yttrium-aluminum-garnet 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.
5B, 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 and/or La. Proportion of substituting Al
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 and/or La is preferably from Y:Gd and/or La=9:1 to 1:9, or more preferably from
Y:Gd and/or La=4:1 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.
Or 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-
garnet 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-garnet fluorescent materials of different
compositions as the fluorescent materials, as described above. This makes it possible to
make a light 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-garnet fluorescent materials of different compositions
can be emitted. According to the second embodiment, color can be controlied 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 structure, 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 isotropy 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 light 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 702 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 electricélly 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 of preventing fluorescence.
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[0151] Similarly, a reflector 705 is provided on the entire surface on the back of
the optical 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 light 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 701 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,
thereEy 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>

(Display 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. | 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 oﬁtputs pulse signals for turning on
and off the light emifting 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
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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, the 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 v;fith 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.

(Embodiment of another display device emploving 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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(Traffic 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 1n 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 1)

[0165] Example 1 provides a light emitting component having an emission peak
at 450nm and a half width of 30nm employing a GalnN 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 MOCVD 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 InGaN 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 semiconductor 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 thé 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 30pum 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 fired 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
vttrium-aluminum-garnet  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 tumn into slurry. The slurry is poured into
the cup provided on the mount lead whereon the light emitting component is mounted.
After pouring, the slurry is cured at 130°C for one hour. Thus a coating having a
thickness of 120um, which contains the phosphor, is formed on 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 chromaticity 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
lm/W, comparable to that of an incandescent lamp. Further in life tests under conditions
of energization with a current of 60mA at 25°C, 20mA at 25°C and 20mA at 60°C with
90% RH, no change due to the fluorescent material was observed, proving that the light
emitting diode had no difference in service life from the conventional blue light emitting

diode.

(Comparative Example 1)

[0172] Formation of a light emitting diode and life tests thereof were conducted
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 energization, 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 of deterioration 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 colloidal 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 20mA at 25 °C and 20mA at 60 °C
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 Comparative Example 1 in Fig. 13.

(Example 2)

[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 of 4400 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 98.8%, proving no difference in the characteristic.
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(Example 3)
[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 (Y0.39Gd0.57Ce0.03Sm0.01)3A15012.
When the light emitting diodes were made illuminate at a high temperature of 130 °C,

average temperature characteristic about 8% better than that of Example 1 was obtained.

(Example 4)
[0178] LED display device of Example 4 is made of the light emitting diodes of

Example 1 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 5)
[0180] The light emitting diode of Example 5 was made in the same manner as in

Example 1 except for wusing 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 (%, 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 S 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 6)

[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 Y3;Als0;5:Ce. 100
pieces of the light emitting diodes of Example 6 were made and measured for various
characteristics.

[0183] Measurement of chromaticity point slightly vellow-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. 20B and Fig.
20C show the emission spectra of the phosphor, the light emitting component and the

light emitting diode of Example 6, respectively.

(Example 7)

[0184] The light emitting diode of Example 7 was made in the same manner as in

Example 1 except for wusing 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 of Example 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 wusing phosphor represented by general formula
Gd3(Al0.5Ga0.5)5012:Ce which does not contain Y. 100 pieces of the light emitting
diodes of Example 8 were made and measured for various 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 0.05Ga0.95N semiconductor having emission peak at 450nm is used as
a light emitting component. Light emitting components are made by flowing TMG
(trimethyl gallium) gas, 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 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 Cp2Mg 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 InGaN 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 of 400°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 30um.

[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 titahate 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 coprecipitating

the solution with oxalic acid. Oxide of the coprecipitate obtained by firing this material
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1s 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 fired 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(Al0.6Ga0.4)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)3A15012: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 30um.
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 Im/W
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.

(Comparative Example 2)

[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(Al0.6Ga0.4)5012:Ce capable of emitting green light and the second fluorescent
material represented by general formula (Y0.4Gd0.6)3A15012:Ce capable of emitting red
light of Example 9. Chromaticity coordinates of the light emitting diode of Comparative
Example 1 thus formed were (x, y) = (0.34, 0.35). Weatherability test was conducted by
irradiating with ultraviolet ray generated by carbon arc 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 10)
[0196] The light emitting diode of Example 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 In0.05Ga0.95N 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(Al0.5Ga0.5)5012:Ce capable of emitting green light and a second

fluorescent material represented by general formula (Y0.2Gd0.8)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 stoichiometrical 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 120um is formed on the light emitting component. Concentration of the
phosphor in the coating layer is increased gradually 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 plane, it was found that the central portion was
rendered yellowish color 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 Im/W. Further in weatherability tests under

conditions of energization with a current of 60mA at room temperature, 20mA at room
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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)

[0201] In0.4Ga0.6N 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 formed by switching SiH4 and Cp2Mg 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 3nm 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 30pum.

[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 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.

[0205] Phosphor is made by mixing a fluorescent material represented by general
formula (Y0.8Gd0.2)3A15012: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 coprecipitating 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 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.

[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 described above gave values of (0.33, 0.34) for
chromaticity point (x, y), 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 (Y0.4Gd0.6)3A15012:Ce used in Example 11. 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 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. 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 12)

[0207] | 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 Y3In5012:Ce.
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
test.

[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, aircraft 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 nm,

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 nm, said phosphor
emits light having a spectrum with a peak in the range from 510 to 600 nm 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 570 mm and a tail

continuing beyond 700 nm.

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 yttrium-aluminum-garnet fluorescent material containing Y and Al

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 epoxy 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, the phosphor is capable of absorbing a part of light emitted by the light emitting
component and emitting light of a wavelength different from 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 corresponding to a
spectrum generated by the phosphor is substantially along a black body radiation locus in a

chromaticity diagram.
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PTO/SBI17 (10-08)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person are required to respond to a collection of information unless it displays a valid OMB control number

Complete if Known

Effective on 12/08/2004.
Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).

Application Number

FEE TRANSMITTAL

Filing Date

AUG27T7009

First Named Inventor

Yoshinori SHIMIZU

For FY 2009

Examiner Name Not Yet Assigned
D Applicant claims small entity status. See 37 CFR 1.27 Art Unit N/A
TOTAL AMOUNT OF PAYMENT | ($) 1,090.00 Attomey Docket No. 0020-5147PUS5

METHOD OF PAYMENT (check all that apply)

I:I Check D Credit Card D Money Order I:l None

Deposit Account  Deposit Account Number; 02-2448

Charge fee(s) indicated below

Charge any additional fee(s) or underpayments of
fee(s) under 37 CFR 1.16 and 1.17

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

|:| Other (please identify):

Deposit Account Name:

Birch, Stewart, Kolasch & Birch, LLP

D Charge fee(s) indicated below, except for the filing fee

Credit any overpayments

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILING FEES SEARCH FEES EXAMINATION FEES
Small Entity Small Entity Small Entity
Application Type Fee ($) Fee ($) Fee Fee ($) Fee Fee ($) Fees Paid ($)
Utility 330 165 540 270 220 110 1,090.00
Design 220 110 100 50 140 70
Plant 220 110 330 165 170 85
Reissue 330 165 540 270 650 325
Provisional 220 110 0 0 0 0
2. EXCESS CLAIM FEES Small Entity
Fee Description Fee ($) EFee (§)
Each claim over 20 (including Reissues) 52 26
Each independent claim over 3 (including Reissues) 220 110
Multiple dependent claims 390 195
Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims
14 -20orHpP x = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid ($)
1 -3orHP= x =

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $270 (3135 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid ($)
79 -100 = /50 = (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing surch%e):
SUBMITTED BY / -
Signature /7 RegistationNo. 37868 [ Telephone  (703) 205-8000
Name (PrintType)| A D. Meikle ose  AUG 2 7 2009

Birch, Stewart, Kolasch & Birch, LLP

ADM/E/%Ias
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Filing Date: 08/27/09 Approved for use through 7/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. 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 or Docket Number
' -87
Substitute for Form PTO-875 | | 1 2/548’61 8
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE (3) FEE ($)

BASIC FEE NIA N/A N/A N/A 0
(37 CFR 1.16(a), (b). or (c)) 33
SEARCH FEE NIA N/A N/A N/A 540

(37 CFR 1.16(k), (i), or (m))

EXAMINATION FEE

(37 CFR 1.16(0), (p). or (q)) N/A N/A N/A N/A 220
TOTAL CLAIMS
(37 CFR 1.18()) 14 minus 20 = x$26 OR X852
INDEPENDENT CLAIMS . .
(B7CFR116() . 1 minus 3 = X110 x$220
If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE . $260 ($130 for small entity) for each additional '

50 sheets or fraction thereof. See

(37 CFR 1.16(s))
35 U.S.C. 41(a)(1)(G) and 37 CFR

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 195 390

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090

APPLICATION AS AMENDED - PART Il

OTHER THAN
(Column 1) (Column 2) {Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
< AFTER PREVIOUSLY EXTRA RATE $) ?gé“;L RATE () ?é)EN’;L
£ AMENDMENT PAID FOR ®) ®
w Total . . - _ _ OR _
E (37 CFR 1.18()) Minus = X = X =
Z | Independent |, Minus [** - = =
W | @7 cFr 1.1600) X = or | X =
< [Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16() N/A OR N/A
TOTAL o TOTAL
ADD'T FEE R ADDTFEE
(Column 1) (Column 2) (Column 3) OR
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
Q AFTER PREVIOUSLY EXTRA RATE (§) P:EN’;L RATE ($) I'SEN(’;
e AMENDMENT PAID FOR ®
w
Total . OR
= * bkl = = =
& a7 crr118ay Minus X X
Z T'independent
w * i el = = =
= | G7crr 118 Minus X or | X
< Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) ) N/A OR NIA
TOTAL or TOTAL
ADD'T FEE R ADDTFEE

*

If the entry in column 1 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 20, enter “20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter 3"
The “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 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 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 and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

"

*

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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