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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.
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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, 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.
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 1¥ and Rules 43 and 44)

Applicant's or agent’s file reference FOR FURTHER sce Form PCT/ISA/220
PCT24652-813 ACTI®N as well as, where applicable, item S below.
Intcrnational application No. International filing date(day/month/year) (Earliest) Priority Date (day/month/year)
PCT/1IB2017/053896 29.06.2017 05.07.201e6
Applicant

SEMICONDUCTOR ENERGY LABORATORY CC., LTD.

- This international scarch report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau

This intermnational search report consists of a total of 3 sheets.

[T It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

4. With regard to the language, the international search was carried out on the basis of:
[V the international application in the language in which it was filed.

[~ atranslation of the international application into which is the language of

a translation fumished for the purposes of international scarch (Rules 12.3(a) and 23.1(b)).
b. [T This international search report has becn established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rulc 91 (Rule 43.6his(a)).

c. [ Withregard to any nucleotide and/or aming acid sequence disclosed in the international application, see Box No. L.
2. [T Certain claims were found unsearchable (see Box No. 11).

3. [~  Unity of invention is lacking (see Box No. 1I1).

4. With regard to the title,
[¥ the text is approved as submitted by the applicant.
[T the text has been established by this Authority to read as follows:

S. Withregard to the abstract,
[V  the text is approved as submitted by the applicant.

[ the text has becn established, according to Rule 38.2, by this Authority as it appears in Box No. 1V. The applicant
may, within onc month from the date of mailing of this international search report, submit comments to this Authority.

6. With rcgard to the drawings,
a. the figure of the drawings to be published with the abstract is Figurc No. 3

[v as suggested by the applicant.
[~ as selected by this Authority, because the applicant failed to suggest a figure,
[~ asselected by this Authority, because this figure better characterizes the invention.

b. [~ none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT International apphcation No.

PCT/IB2017/053886

A, CLASSIFICATION OF SUBJECT MATTER
Int.Cl. EO1IM4/525(201C.01)1, KHO1IM4/36(2006.01) i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum docurncntation scarched (classification system followed by classification symbols)
Int.Cl. ZH01M4/525, H01M4/3e

Documentation scarched other than minimum documentation to the extent that such documents are inciuded in the ficlds scarched

Fuplished exarlioud uiil:ly nodel applications of Jaman 14X/ THYE
Puplished yroxkarived uz:lily wesel applical:iors of Japan 1§71-20317
degistered ability mede! specificazizcns ot Camarn 134E-2017
Zublisted requsiered Ut ity redel ampliTaticrs ef Jamnan 1394-2517

Electronic data base consulted during the international search (name of data basc and, where practicable, search terms used)

WPL

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2015-201432 A (TODA KOGYO CORP.) 2015.11.12, [1-22
CLAIMS 1-10, EXAMPLES 1-10 (FAMILY: NONE)

A US 2012/0034516 A1 (LG CHEM, LTD.) 2012.02.09, |1-22
CLAIMS 1-18, EXAMPLES 1-16

& JP 2012-508444 A & WO 2010/053328 A2
& EP 2352190 A2 & KR 10-2010-52419 A

& CN 102210045 A

A US 200870131780 A1 (AGC SEIMI CHEMICAL CO., LTD.) |1-22
2008.06.05, CLAIMS 1-19, EXAMPLES 1-10
& JP 2011-181527 A & WO 2007/052712 Al
& KR 10-2008-24105 A & CN 101208269 A
& KR 10-544137 Bl

¥  Further documents are listed in the continuation of Box C. [~ See patent family anncx.

* Special categorics of cited documents: o “T" later document published after the intemational filing date or

A" document defimng the general state of the art which is not prority date and not in conflict with the application but cited o
considered to be of particular relevance understand the principle or theory underlying the invention

“i» earlier application or patent but published on or after the inter-
national filing date

«L» document which may throw doubts on priority claim(s} or which
is cited to establish the publication date of another citation or other

“X* document of particular relevance; the claimed invention cannot
be considercd novel or cannet be considered to imvolve an
inventive step when the document is taken alone

special reason (as specified) »Y" document of particular relevance; the claimed invention cannat
<@~ document referring to an oral disclosure, use, cxhibition or other be cox:nsmcrcd‘ tainvolve an inventive step when the document is
means combined with one or more other such documents, such
«p" document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&" document member of the same patent family
Date of the actual complction of the international scarch Date of mailing of the international search report
21.09.2017 03.10.2017
Name and mailing address of the ISA/IP Authorized officer ax|3648
Japan Patent Office SHO, Tomoaki
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 108-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3477

Form PCT/ISA/210 (second shect) (January 2015) AMPEREX Ex. 1001
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/IB2017/0538¢%6

C (Continuation). DO®CUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 201170033749 Al (AGC SEIMI CHEMICAL CO., LTD.)
2011.02.10, CLAIMS 1-12, EXAMPLES 1-12

& WO 2009/057722 Al & KR 10-2009-86440 A

& CN 101675547 A

1-22

Form PCT/ISA/210 (continuation of sccond sheet) (January 2015)

AMPEREX Ex. 1001

Page 74



PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY
To:
SEMICONDUCTOR ENERGY LABORATORY
ce., LTD.
398, Hase Atsugi-shi, Kanagawa PCT
2430036 CP
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Date of mailing
(day/month/year) 03.10.2017
Applicant’s or agent’s file reference FOR FURTHER ACTION
PCT24652-813 Sec paragraph 2 below
Intemational application No. International filing datc (day/month/year) Priority date fday/month/year)
BCT/IB2017/053896 29.06.2017 05.07.2016

International Patent Classification (IPC) or both national classification and IPC

Int.Ct HO1IM4/525(2010.01)3, HO1M4/36(2006.01)1

Applicant
SEMICONDUCTOR ENERGY LABORATORY CO., LTD.

1. This opinion contains indications rclating to the following items:

[ BoxNo.l Basis of the opinion

opinions of this International Scarching Authority will not be so considered.

a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/1ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

[T BoxNo.Il Priority

[T BoxNo.III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

[T BoxNo.IV  Lack of unity of invention

[V BoxNo.V Rcasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

[T  BoxNo.VI  Certain documents cited

[T BoxNo. VI Certain defects in the international application

[T BoxNo. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary cxamination is made, this opinion will be considered to be a written opinion of the
Intemational Preliminary Examining Authority (“IPEA™) cxcept that this docs not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rulc 66.1bis(b) that written

If this opinion is, as provided above, considered to be a wntten opinion of the IPEA, the applicant is iuvited to submit to the [IPEA

Date of complction of this opinion 21.09.2017

Namc and mailing address of the [SA/IT* Authorized officer 4X 13648
Japan Patent Office SHO, Tomoaki

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 108-89135, Japan | Telephone No. +81-3-3581-1101 Ext. 3477

Form PCT/ISA/237 (cover sheet) (laruary 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY BECT / IBR2017 / 05388¢

Box No. 1 Basis of this opinion

1. With repard to the language, this opinion has been established on the basis of:
{v  the intemational application in the language in which it was filed.

[~ atrunslation of the intcrnational application into which is the language of a

translation furnished for the purposcs of international scarch (Rules 12.3(a) and 23.1(b))

2. [ This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(b)).

3. With rcgard to any nucleotide and/or amino acid sequence disciosed in the intcrnational application, this opinion has
been established on the basis of a sequence listing:
a. [T forming part of the international application as filed:
[T inthe form of an Anncx C/ST.25 text file.

[~ on paper or in the form of an image file.

b. [~ furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international scarch
only in the form of an Annex C/ST.25 text file

c. |~ furnished subsequent to the international filing date for the purposcs of international search only:
[~ inthe form of an Annex C/ST.25 text filc (Rule 13ter.1(a)).

[ on paperor in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

4. [T Inaddition, in the casc that more than onc version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of
the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (January 2015)
AMPEREX Ex. 100
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT / “B2017 / 053896

Box No. V Reasoned statement under Rule 43bis 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-22 YES
Claims . NO
Inventive step (1S) Claims 1-22 YES
Claims NO
Industrial applicability (1A} Claims 1-22 YES
Claims NO

2. Citations and explanations:

D1: JP 2015-201432 A (TCDA KCGYC CCRP.) 2015.11.12, CLAIMS 1-10,
EXAMPLES 1-10 (FAMILY: NCNE})

D2: US 2012/0034516 Al (LG CHEM, LTD.) 2012.02.09, CLAIMS 1-18,
EXAMPLES 1-16 & JP 2012-508444 A & WO 2010/053328 A2
& EP 2352190 A2 & KR 10-2010-52419 A & CN 102210045 A

D3: US 2008/0131780 Al (AGC SEIMI CHEMICAL CO., LTD.) 2008.060.05,
CLAIMS 1-19, EXAMPLES 1-10 & JP 2011-181527 A & WO 2007/052712 Al
& KR 10-2008-24105 A & CN 101208269 A & KR 10-944137 Bl

D4: UuS 2011/0033749 Al (AGC SEIMI CHEMICAL CO., LTD.) 2011.02.10,
CLAIMS 1-12, EXAMPLES 1-12 & WO 20098/057722 Al
& KR 10-2009-86440 A & CN 101675547 A

The subject matter of claims 1 to 8 is neither disclosed in any of the
documents cited in the International Search Report (ISR) nor obvious to
a person skilled in the art.

D1 discloses a positive electrode active material particle powder
includes: a core particle composed of cobaltic acid lithiumhavinga layered
structure containing element M (M is Mg and/or Al); and a surface layer
composed of the cobaltic acid lithium having the layered structure in which
at least Ti is incorporated into solid solution.

D2, D3 and D4 teach a cathode active material including a lithium
transition metal oxide based on at least one transition metal selected from
a group consisting of Ni, Mn and Co. The lithium transition metal oxide
of D2 contains fluorine, and most of the fluorine is present on a surface
of the lithium transition metal oxide. The lithium transition metal oxide
of D3 contains a composite compound containing titanium and magnesium in
the vicinity of the surface of particles of the lithium transition metal
oxide. The lithium transition metal oxide of D4 contains a lithium titanium
composite oxide in the surface layer of particles of the lithium transition
metal oxide.

(Continue to Supplemental Box}

Form PCT/1SA/237 (Box No. V) {January 2015)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/IR2017/053886

Supplemental Box

In casc the space in any of the preceding boxes is nol sufficient.
Continuation of: V

None of the above documents discloses, however, the feature in the
subject matter of claims 1 to 8 that a positive electrode active material
comprises a first region positioned inside the material, a second region,
and a third region which is positioned closer to a surface than a second
region, wherein the first region comprising an oxide of lithium and a first
transition metal of a layered rock-salt crystal structure, the second
region comprising an oxide of a second transitionmetal of rock-salt crystal
structure, and the third region comprising representative elements of the
rock-salt crystal structure. Having the said feature, the subject matter
of claims 1 to 8 achieves the advantageous effect of “the positive electrode
active material with excellent cycle characteristics”

The subject matter of claims 9 to 12 is neither disclosed in any of
the documents cited in the International Search Report (ISR) nor obvious
to a person skilled in the art.

None of the above documents discloses the feature in the subject matter
of claims 9 to 12 that the first region comprises lithium cobaltate, the
second region comprises lithium titanate, and the third region comprises
magnesium oxide. Having the said feature, the subject matter of claims
9 to 12 achieves the advantageous effect of “the positive electrode active
material with excellent cycle characteristics” .

The subject matter of claims 13 to 16 is neither disclosed in any of
the documents cited in the International Search Report (ISR) nor obvious
to a person skilled in the art.

Dl discloses a positive electrode active material particle comprising
lithium, titanium, cobalt, magnesium, and oxygen, while D2, D3 and D4 teach
a positive electrode active material particle comprising lithium,
titanium, cobalt, magnesium, oxygen, and fluorine.

None of the above documents discloses, however, concentrations of
constituent elements in a superficial portion of a positive electrode
active material particle measured by X-ray photoelectron spectroscopy.
Having the said feature, the subject matter of claims 14 to 20 achieves
the advantageous effect of “the positive electrode active material with
excellent cycle characteristics’

The subject matter of claims 17 to 22 1s neither disclosed in any of
the documents cited in the International Search Report (ISR) nor obvious
to a person skilled in the art.

The subject matter claimed, which is characterized by the
combination of the technical features (i.e., a method for forming a
positive electrode active material including the steps of: heating mixture
of the source materials to cbtain particles comprising lithiuwr, cobalt,
magnesium, oxygen, and fluorine; mixing the particles into an alcohol

solution of alkoxide of the second transition metal.), is not rendered

ocbvious by the available prior art. Those features could be combined
only with the exercise of the applicant’s inventive skill.

Form PCT/1SA/237 (Supplemental Box) (January 2015)
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Docket No.: 740756-4563

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application
Teruaki OCHIALI et al.
Application No.: 15/638,449

)

) Group Art Unit: 1725

)
Filed: June 30, 2017 ) Confirmation No.: 1074

)

)

)

Examiner: Anna Basia Ridley

For: POSITIVE ELECTRODE ACTIVE
MATERIAL, METHOD FOR
MANUFACTURING POSITIVE
ELECTRODE ACTIVE MATERIAL, AND
SECONDARY BATTERY

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment — Via EFS
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant
hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98.

In accordance with the policies of the U.S. Patent and Trademark Office, only copies of

newly cited foreign patents and non-patent literature are being submitted.

Applicant wishes to note that the Patent Documents: US-2012/0034516;
US-2008/0131780; US-2011/0033749; JP-2012/508444; W0O-2010/053328; EP-2 352 190;
KR-2010-0052419; CN-102210045; JP-2011-181527; WO-2007/052712; KR-2008-0024105;
CN-101208269; KR-10-0944137; WO0-2009/057722; KR-2009-0086440; and
CN-101675547 listed on the attached Form PTO-1449 were previously cited by

International Searchins Authority (JPO) in an International Search Report and a

Written Opinion (copy of each enclosed) mailed October 3, 2017 issued in a counterpart
International Application No. PCT/IB2017/053896.

Applicant also wishes to bring to the Examiner’s attention the following family

information listed on the attached PTO-1449.

1. JP-2012/508444;: WO0-2010/053328; EP-2 352 190; KR-2010-0052419 and
CN-102210045 are in the same family as US-2012/0034516, and were also cited in the

foreign communication noted above.

4844-0680-3794.1
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Docket No.: 740756-4563
Application No.: 15/638,449
Page 2

2. JP-2011-181527; WO-2007/052712; KR-2008-0024105; CN-101208269 and
KR-10-0944137 are in the same family as US-2008/0131780, and were also cited in the

foreign communication noted above.

3. WO0-2009/057722; KR-2009-0086440 and CN-101675547 are in the same

family as US-2011/0033749, and were also cited in the foreign communication noted above.

The undersigned certifies that each item of information contained in this information
disclosure statement was first cited in any communication from a foreign patent office in
connection with a counterpart foreign application not more than three (3) months prior to the
filing of this statement.

It is requested that the accompanying Form PTO-1449 be considered and made of
record in the above-identified application and that an Examiner-initialed copy of this form be
returned to the undersigned.

The present Information Disclosure Statement is submitted within three months of
filing, or before the mailing of a first Office action on the merits, whichever is later;
therefore, no fee or statement is believed to be necessary at this time. Applicant,
nevertheless, provides the above statement as a courtesy.

However, if a fee becomes necessary, the Commissioner is hereby authorized to
charge fees required in connection with this filing or credit any overpayment to Deposit
Account No. 19-2380.

Respectfully submitted,
By: /Jeffrey L. Costellia, Reg. No. 35,483/

Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY LLP
CUSTOMER NO.: 22204

799 9th Street, N.W., Suite 500
Washington, DC 20001-4501
Tel: 202-585-8000

4844-0680-3794.1
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Electronic Acknowledgement Receipt

EFS ID: 30725539
Application Number: 15638449
International Application Number:
Confirmation Number: 1074

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY
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Information:

This is not an USPTO supplied IDS fillable form

Foreign Reference

JP2012-508444.pdf

4702770

©8257912461372e9b18c7f153c941d8911b)
875fs

no

23

Warnings:

Information:

Foreign Reference

W02010053328A2.pdf

534478

83eb9c4e7e3ad 37f52009b5cff39ff9385164|
877

no

23

Warnings:

Information:

Foreign Reference

EP2352190A2.pdf

472250

7e5bcd22131de1b45de8468246c04cff879
be888

no

15

Warnings:

Information:

Foreign Reference

KR1020100052419A.pdf

9836311

78d653f1 2e21f3c91ba95c7b3714e2aed90(
661a

no

16

Warnings:

Information:

Foreign Reference

CN102210045A.pdf

499970

0e35230675adca02c 14a346ff40c0bd9eb9 )

no

18

Warnings:

Information:

Foreign Reference

JP2011-181527.pdf

7011578

c1dc4202b49460b513e066a0b4bcffaf34ed
68e0

no

23

Warnings:

Information:

Foreign Reference

W02007052712A1.pdf

1157529

8286393e2a3747cf9b99699d899a3f92ef66)
1393

no

43

Warnings:

Information:
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Foreign Reference

17137986

KR1020080024105A.pdf

f78bfe21e8c0b3eb35dc4e8cc99161c86254)
0fs1

no 20

Warnings:

Information:

10

Foreign Reference

889404

CN101208269A.pdf

c8fa4a098233ef2ab533baefSadb1ba3cco1
b4al

no 26

Warnings:

Information:

11

Foreign Reference

17210115

KR100944137B1.pdf

c7b3ee898b545f0f4893db66d77999bf6d8 |
3691

no 20

Warnings:

Information:

12

Foreign Reference

1220054

WO02009057722A1.pdf

fe8a980ecedadb3956a792bbf02523dd872
44338

no 46

Warnings:

Information:

13

Foreign Reference

19590396

KR1020090086440A.pdf

9b3a8db6325c456465256¢315af59ad0f83)]
4edd

no 22

Warnings:

Information:

14

Foreign Reference

1033115

CN101675547A.pdf

d6f6e16d174f7c061e11cceb0cfc24f79bc6f|
c4b

no 35

Warnings:

Information:

15

Non Patent Literature

69373

171003_INTERNATIONALSEARC]
HREPORT_PCT24652-26813.pdf

b7c16e2da3440224ba10ccd08dd9d09349
eeceda

no 3

Warnings:

Information:
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117767

171003_WRITTENOPINION_PCT
: — - 4
16 Non Patent Literature 24652-26813.pdf no

8890684 3b9c5ef3f95d12591637a6799df08|
9ac0

Warnings:

Information:

140308
17 Transmittal Letter 740756-004563_IDS_Transmitt no 2
al.pdf
069f8102€953c9b417adSSbec3ald715f85
2aadd

Warnings:

Information:

Total Files Size (in bytes); 81797815

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 applicationis 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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OTO/AIARD {07.12)

Appovad for use Prough t10/2314. OMB 08510035

U5 Pxtent and Tragemurk (e LS DERARTMENT OF COMMERCE

WRERE e Page wna Bodushon AL 0T 1398, o 5AMOAS ara raQuired 12 Fa5p0n4 1S 3 Coiloehian of informatine unfexs it Sisplays 2 vald OMB sontro) aumbar,

. o
POWER CF ATTORNEY YO PROSECUTE APPLICATIONS BEFORE THE USPTO
| hereby revake all previcus powers of attorney given in the application identified in the attached stalement
under 37 CFR 3 .73{¢).
| hereby appoint:
5/ racttionery spccirled with Customer Number: 22204
CR .
! Practtianer(s} named beiaw (if more thar ten patent practitioners are {3 be Namad, then 8 customer numba? MUst 98 aed)
Name Regiatraton Name Regsatration
Nunbef Numger

Asg attormeyis o ageniis} o reprasent the undarsigned belare the United States Patent snd Fradamark Office [USPTO} in connaction with
any and a# patent agpivcationy 2 £3190ed gy to the undersignesd acegeding to the UGPTO assigrmant recordy or Assigrments ducy ments
angched to this form 10 accordancs with 37 CFR 3.7, 3

Fiease change the coriespendenns 3cdrass for the application iantified in the attachad statamant uncer I7 CFR 3 73{0) 1

i i Vhe addr ssociatind wih Cuatomer Num |
{__, e 34drras 35 sociating w La der 22234

OR

f I Firm or
ingriduat Nama

: Address

City

1 Cauntry

 Teiephsne Emait
;

Assigree Name 303 Aderess: S@miconductor Energy Laboratory Co., Lid.
358, Hase, Atsugi-shi, Kanagawa-ken, 243-0036, Japan

A copy of thia formm, iogether with 1 statament under 37 CFR 3,713{¢} (Form PTOIS 8RS ot equivalent) is required (o be
Filed in each application in which this fotm ix Lsed. The statemesnt under 37 CFR ).73{c] m3y de compieted by ana of
The practitioners appeinted In this fo vy, and must identify the appiication in which this Power of Attarney is {o be filed.

SIGNATURE gf Assignee of Recarg
The ingividuat whose ugrature and title 9 supplies below is authorized to act on behail of the assignes

Sighature /%4 M o Cate (7 2/ Z// 2ore

Name Dr. Shethpei Y afrbzki [ refeghone 81-46-270-1170

Titig P‘rasident

This codection of minrsatnn s /eauiac 2y 57 C;? 132, 7.32ang {33, The mlnmmation it required (C obt@n Of rewin @ benefi! by the pubic afich i 1o Rle {and
By the USPTS e prowaes} an sopicaten. Canfdeniiaity A govataad by 15 W S.C. 122 andd 37 CFR 154 aad 114, TRix cahecion o saimatec @ ke 3 minuies
e compiete, iMduding gaithedyg, preguiing, and tulau'ting tha rompielel ISEICALE R form ic the USR TS Tirme will vaiy deprnding uDGR thé indiviavat cang. Any
sommints on e gmaunt of InE you FeaLIfA 30 coME G (his lamm wnadas suggestiane o1 rmduenng 1his burden, 1hduid 0e 18at (0 the Creel intcrmatian CRicar,
U.S, Paest anf Vredaman Ofke, 4.8, Sepramett ot Sommaras, ¥.0, Box 1458, Aorsncna, VA 22313.145). TC NOT SEND FEES SR COMPLETED
TORMS TO THIE AZDRESS, SEND TO: Commuaafants for Palenia, P.O. Box (480, Alesandna, VA 2231.1450,

i you need assisience v rompleting the form, call $-800-ATD-8199 and selact apticn 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: SEMICONDUCTOR ENERGY LABORATORY CO., LTD.

Application No./Patent No.: _15/638,449 Filed/Issue Date: June 30, 2017
T|t|ed . POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

SEMICONDUCTOR ENERGY LABORATORY CO., LTD. a COI’pOI"a‘tion

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

D The extent (by percentage) of its ownership interest is ___ %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

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

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel __ _ ,Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 1.11 and 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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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. 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 displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

[—| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[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, to record the assignment 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.

IJeffrey L. Costellia, Reg. No. 35,483/ November 20, 2017

Signature Date

Jeffrey L. Costelllia, Attorney of Record 35,483

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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NIXON PEABODYLLP
United States Patent Rights

Attorney Docket No. 740756-004563
ASSIGNMENT

Serial No. 15/638.449 Filed June 30,2017

WHEREAS, Teruaki OCHIAI, Takahiro KAWAKAMI. Mayumi MIKAMI, Yohei
MOMMA, Masahiro TAKAHASHI and Ayae TSURUTA
(hereinafter designated as the undersigned) has (have) invented certain new and useful
improvements in POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR
MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY
BATTERY for which an application for Letters Patent of the United States of America has
been executed by the undersigned on , and;

WHEREAS, Semiconductor Energy Laboratory Co., Ltd. of 398, Hase, Atsugi-shi,
Kanagawa-ken, 243-0036 Japan and its heirs, successors, legal representatives and assigns

(hereinafter designated as the Assignee) is desirous of acquiring the entire right, title and
interest in and to said invention and in and to any Letters Patent(s) that may be granted
therefor in the United States of America;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to the
undersigned in hand paid, the receipt of which is hereby acknowledged, and other good and
valuable consideration, the undersigned has (have) sold, assigned and transferred, and by
these presents do sell, assign and transfer unto said Assignee the full and exclusive right to the
said invention in the United States of America and its territories and for all foreign countries,
dependencies and possessions and the entire right, title and interest in and to any and all
Letters Patent(s) which may be granted therefor in the United States of America and its
territories, dependencies and possessions, and in and to any and all divisions, reissues,
continuations and extensions thereof for the full term or terms for which the same may be
granted.

The undersigned agree(s) to execute all papers necessary in connection with this
application and any continuing, divisional or reissue applications thereof and also to execute
separate assignments in connection with such applications as the Assignee may deem
necessary or expedient.

The undersigned agree(s) to execute all papers necessary in connection with any
interference which may be declared concerning this application or any continuation, division
or reissue thereof or Letters Patent(s) or reissue patent issued thereon and to cooperate with
the Assignee in every way possible in obtaining and producing evidence and proceeding with
such interference.

The undersigned agree(s) to execute all papers and documents and to perform any act
which may be necessary in connection with claims under or provisions of the International
Convention for the Protection of Industrial Property or similar agreements.

The undersigned agree(s) to perform all affirmative acts which may be necessary to
obtain a grant of a valid United States patent(s) to the Assignee and to vest all rights therein
hereby conveyed to said Assignee as fully and entirely as the same would have been held by
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the undersigned if this Assignment and sale had not been made.

The undersigned hereby authorize(s) and request(s) the Commissioner of Patents and
Trademarks to issue any and all Letters Patents of the United States of America resulting from
said application or any division or divisions or continuing or reissue applications thereof to
the said Assignee, as Assignee of the entire interest, and hereby convenants that he has (they
have) the full right to convey the entire interest herein assigned, and that he has (they have)
not executed, and will not execute, any agreement in conflict herewith.

The undersigned hereby grant(s) the law firm of Nixon Peabody LLP the power to insert
on this Assignment any further identification which may be necessary or desirable in order to
comply with the rules of the U.S. Patent and Trademark Office for recordation of this
document.

In witness thereof, this Assignment has been executed by the undersigned on the date(s)
opposite the undersigned name(s).

- ) . - o
Date 07/14 [2017 Name of Inventor___ leruaki  Ochia (SEAL)
Teruaki OCHIAI

Date ; Name of Inventor (SEAL)
Takahiro KAWAK AMI

Date_ 2] /4 /740\'), Name of Inventor MO\\/U e M kam. (SEAL)

Mayumi MIKAMI
. he, .

Date b7 /20/201] | Name of Inventor fohe, Homma (SEAL)
Yohei MOMMA

Date_OT/| Q/Qo!q’ Name of Inventor__Masa IXFVO ‘01 kaAaSZLf (SEAL)
Masahiro TAKAHASHI

Date 07/ (4 (2o(] Name of Inventor Ayae TSURVTA (SEAL)
Ayae TSURUTA

(This assignment should preferably be acknowledged before a United States Consul or
Notary Public. If not, then the execution by the Inventor(s) should be witnessed has (have)
invented certain new and useful improvements in by at least two other persons who should
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sign here.)

Witness

(name)
Witness

(name)
Witness

(name)

(signature)

(signature)

(signature)
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NIXON PEABODYLLP
United States Patent Rights

Attorney Docket No. 740756-004563

ASSIGNMENT

Serial No. 15/638.449 Filed June 30, 2017

WHEREAS, Teruaki OCHIAI, Takahiro KAWAKAMI, Mayumi MIKAMI. Yohei
MOMMA, Masahiro TAKAHASHI and Avae TSURUTA

(hereinafter designated as the undersigned) has (have) invented certain new and useful
improvements in POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR
MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY
BATTERY for which an application for Letters Patent of the United States of America has
been executed by the undersigned on , and,;

WHEREAS, Semiconductor Energy Laboratory Co., Ltd. of 398, Hase, Atsugi-shi,
Kanagawa-ken, 243-0036 Japan and its heirs, successors, legal representatives and assigns

(hereinafter designated as the Assignee) is desirous of acquiring the entire right, title and
interest in and to said invention and in and to any Letters Patent(s) that may be granted
therefor in the United States of America;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to the
undersigned in hand paid, the receipt of which is hereby acknowledged, and other good and
valuable consideration, the undersigned has (have) sold, assigned and transferred, and by
these presents do sell, assign and transfer unto said Assignee the full and exclusive right to the
said invention in the United States of America and its territories and for all foreign countries,
dependencies and possessions and the entire right, title and interest in and to any and all
Letters Patent(s) which may be granted therefor in the United States of America and its
territories, dependencies and possessions, and in and to any and all divisions, reissues,
continuations and extensions thereof for the full term or terms for which the same may be
granted.

The undersigned agree(s) to execute all papers necessary in connection with this
application and any continuing, divisional or reissue applications thereof and also to execute
separate assignments in connection with such applications as the Assignee may deem
necessary or expedient.

The undersigned agree(s) to execute all papers necessary in connection with any
interference which may be declared concerning this application or any continuation, division
or reissue thereof or Letters Patent(s) or reissue patent issued thereon and to cooperate with
the Assignee in every way possible in obtaining and producing evidence and proceeding with
such interference.

The undersigned agree(s) to execute all papers and documents and to perform any act
which may be necessary in connection with claims under or provisions of the International
Convention for the Protection of Industrial Property or similar agreements.

The undersigned agree(s) to perform all affirmative acts which may be necessary to
obtain a grant of a valid United States patent(s) to the Assignee and to vest all rights therein
hereby conveyed to said Assignee as fully and entirely as the same would have been held by
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the undersigned if this Assignment and sale had not been made.

The undersigned hereby authorize(s) and request(s) the Commissioner of Patents and
Trademarks to issue any and all Letters Patents of the United States of America resulting from
said application or any division or divisions or continuing or reissue applications thereof to
the said Assignee, as Assignee of the entire interest, and hereby convenants that he has (they
have) the full right to convey the entire interest herein assigned, and that he has (they have)
not executed, and will not execute, any agreement in conflict herewith.

The undersigned hereby grant(s) the law firm of Nixon Peabody LLP the power to insert
on this Assignment any further identification which may be necessary or desirable in order to
comply with the rules of the U.S. Patent and Trademark Office for recordation of this
document.

In witness thereof, this Assignment has been executed by the undersigned on the date(s)
opposite the undersigned name(s).

Date . Name of Inventor (SEAL)
Teruaki OCHIAI

Ty

N
Date ¢ 9/ g /I’ / b7 Name of Inventor /[A,[Oe,! P AS) [cwa/ %EAL“}

Takahiro KAWAK AMI

Date ; Name of Inventor (SEAL)
Mayumi MIKAMI

Date . Name of Inventor (SEAL)
Yohei MOMMA

Date s Name of Inventor (SEAL)
Masahiro TAKAHASHI

Date , Name of Inventor (SEAL)
Ayae TSURUTA

(This assignment should preferably be acknowledged before a United States Consul or
Notary Public. If not, then the execution by the Inventor(s) should be witnessed has (have)
invented certain new and useful improvements in by at least two other persons who should
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sign here.)

Witness

(name)
Witness

(name)
Witness

(name)

(signature)

(signature)

(signature)
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Electronic Acknowledgement Receipt

EFS ID: 30995932
Application Number: 15638449
International Application Number:
Confirmation Number: 1074

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Customer Number:

22204

Filer:

Jeffrey Costellia/KEYONNA PITTMAN

Filer Authorized By:

Jeffrey Costellia

Attorney Docket Number: 740756-004563
Receipt Date: 20-NOV-2017
Filing Date: 30-JUN-2017
Time Stamp: 15:47:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
1542370
1 QOath or Declaration filed 740756-4563_Declaration.pdf no 12
S5cb588300d1939ddcadafa06b27 1fedd 9fbe
f132
Warnings:
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Information:

1031103
740756-4563_Power_of Attorn
2 df yes 9
eyp de8080ea8fb6725e024eb869c7eab78b7 0|
fbdcd
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 2 9
Warnings:
Information:
Total Files Size (in bytes); 2573473

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 applicationis 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/AIA/O1 (06-12)

Approved for use through 01/31/2014. 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 contains a valid OMB control number.

¥ T—3>—M37 CFR1.76) %~ -RARUVRIESRHEEE®(37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR1.76)

RADEM | pogITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE

InU:I:tic:)fn ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

TRRRABTHIIE. DFDILMEBELET,
As the below named inventor, | hereby declare that:

ﬁ\fiﬁaration D Bffen T b, MLT'*
is directed to: The attached application, or
KEHEE. HDHLE ICHEESh - PCTEERES ELTHREEh TWBEDIZHTOAT

B .=

United States application or PCT international application number ___ 15/638,449__ filed on _June 30, 2017 .

tROBRAIZIES. HIVIEIAEREBRELIZLDIZL-TITHOI LD T,
The above-identified application was made or authorized to be made by me.

FIEAHREPICHOOADLELEDRAE . HINILELEO KR RAETT,
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

FELEBITBLTHEIZRBOBLITE{ToBEIE 18U.S.C. 1001 IZ&Y. FAEHIVEIBRBEG)EOKEBR. HILXTOMAIL DR O
REGDIEEFBHET,

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

L .
WARNING:

HEEE/HEAAE ID EMEMIDILSLBAARRE FFHEAETRDPICESTLOEL . FEAVETT  HERMES. BAOEES . HILIIIL DYk
H—FESDLSLBABRORE X (KILWEEMELE., MIFEHDIVXILDVN—FERZITEE THD PTO-2038 ADRAEZMAELT)
USPTOCKEH BT . FRHIVIIHABPEDSIA TV EVERLTVWER A COXIEE AR USPTO ICRETIEFIZSThHen
kS, ARAE/HEEE X USPTO ICERRAEXRETAAICEGEIRL. 1 LH BB IFETEL. HHEBRIETYER A, BRAE/LAET. RELERBOR
BRNBIT. HEADO LM, HAVIEHHERTEIL. (37 CFR 1.213(a) ORMIZESBL-IELHBRENPEBOENTHESATOIIBEERE) . — AN
AFARELLDERDEEFH>THLERBYE T, S5I1C, HRARREESN-RBRATH-oTH. TOHEBMNAMIN Iz, HALIRENL FSh LR
EPICBELELTERSATULABEIZ. —RADAFNAEELIBENBYET IMIFELUILIYM—FRERBTHY ., TILOBRDT-0IZ
R Ehtz PTO-2038 HAITHEI7MILICIZTRBENT LEN>T—RANAFTHILIITEER A,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RABOERKS
LEGAL NAME OF INVENTOR

REAE: 8 (£ %):
inventor: Teruaki O CH IAl Date (Optional) : o / (9 / 20 | 7

Eh: - i - N
Signature: leyu O‘k\ 0 '\-«h 1 Gy

{#%: HEAT—3 —MPTOAIAI4 HEHLIENRZFRM) (. RACBIRIFELEOGELEN . FARISEATII L UBARDRAFTZ LI
PTO/SB/AIA01 B#tE&ERT 5,

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIA01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute 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-PT0O-9199 and select option 2.
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TS5AN—GREEFHE

1974 £FS54/3—RWik (PL. 93-579)(F. 1 ERAHAHLIFHICET HFHEROIREIEEL T,
BERBIHLIZEZSNSIIMELTVET LA ST, REERDREICLI=AL, FROIENSE
LTS (1) FEHROWNELRTHERIL 35 US.C. 2(b)(2)TT . (2) ROoIT-FHRDIRHELIE.
FADEETT . E5ICIE. (3) REWFARETHCOFELERATHIEEMNIE. WFLRAFIFHD
REFREL. HDIVEIBETIE-HTT . ROSI-FERERB/LENSBE . RKERHBHIRTIZIRE
ENT-LDELE, BETETLUWLIBENHYETDOT. TOR/RELT. LEQITHNY, HHULMIHED
WE. HAIVIRFEMIRDIENHYFET.

FAMICERESN-FRET, TROFEBEERAENIZHVET,

1. KERAKICRBEINTUOSEHRIE. 18R OBE (5U.S.C.552) BLUTS5M/ > —F#% 5U.SC
552a) KR THHAICSVLTEBBVELYET . KRR ATLDREIE. XERORTIME
H{ARETERSNTUVAIHNENZHHT 5-0IZ, FEEEICRATREINZIFENHYET .

2. XEFATLORRIIBEEFERBEMELT. REAXSFIBICHFTERAAHFEL~DREATEZSNH.
IBMDIRTRELTER. FEHE. HAWVIITRELFICRARESADEENHYET,

3. KREATLBORBRITEFFERAEMELT, REICAHTIEANZLTIRHEICALT. XKER
BEICKBEERT IS . BAOESE2EFTOLXKERBRAICATEINIBENAHYET,

4, XEFEATLHOEHGITEEFERENELT. RVEZRITTIHICETDEREDELTS. KT
DRHVEBICRATRESNSIGENHYET . FEBOZFEEIL 5 U.S.C. 552a(m) I2BDE, 1974 TS5
A= EDRNEBRZIRTFLETNIEEYVERA,

5 BFRHAFHNDOLLETHRASH-ERLERAICAT 2XREHRATLADERIZ. BEEREMNEL
T.HFRHAFNIRTE, RNV EERBIZRARINSBELAHBYET,

6. XEHATLNEHRILAEFERABENELT.ERXRZLRE 35U.S.C. 181) ICKHBEE . &
URF % (42 U.S.C.218(c) ISHET<HBHDBMIZEWL T, thEMRKAFHBIIZFATEINS
BENBYETS,

7. XEBURATLDRRITEEFEMABMELT. 44 U.S.C. 2904 KU 2906 (CH IR EHIBIT
BRUTOTSLORELX R T 5012, Xk—RFAFTH/EE(GSA)IZKY. BHBAOFREN—EEL
TITONIRBOREMEDIZ, GSA  FHIXZDHIER NBAREINDZIEENHYET, LD
FRRIEX. KBEMD-ODRBEREZRTTS GSA HRE. RUEE (GSA HHWLIEEHA) D
FITERLTITOAET . D SRATRIE. BAZRETIEMOBLIZERSA TIIRYE A,

8. XEBUATLNDREREILEEFEMRBMELT.35U.S.C. 122(b) (TR THREAREHZLME 35
US.C. 151 ICE TR ITHRIC. —RICBATRINIBENHYVET . SolcBRILBEFERBEMNE
LT.37CFR1.14 DFBDILEN T, BEANGESAhTERESIN, FEZONEBIRRLTHEY. &
BN OENHNRFAHETERIA TS, HFEAN—BREETOLHIZARAESA TS, T34
HNRITINTVSIGEIL. —BIZARAIhDIIELNHYET,

9. XEHATLDEHIZ. BEFEAENEL T, REWRFFBIRTN EZRLEZROERLZ. H5L
FBEMISERDHIEHHLIZIBES L. ER. M. FXMARAROERFICATRINDGBEN
HYET,
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. 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 Contains a valid OMB control number.

M7 —4>—H37 CFR 1.76)¢ o - RE R UEIE S 43 H WE ¥ (37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76) -

RMEDEH | pOSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE

InTvicteI:t?;n ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

TRRABTHIUZ. DEDILMLEERELETS,
As the below named inventor, | hereby declare that:

=5
FE [ Eentvs. ssvi

[ nis declara .lon The attached application, or
is directed to:

RELHRE. HHE ICHBASHh - PCT EIRFRRES __ ELTHESATLSI0IZTONT

B =7

United States application or PCT international application number 15/638,449 filed on _June 30, 2017 .

LRROLEEZIAA S, HHANIHAEREZRELILDIZE2TIThh LD TT,
The above-identified application was made or authorized to be made by me.

MIFLEBEPICHoLNHLELLORBAE . HHVILELEORRRAETY,
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

XEEZBICBLVTREICRBOPLITETBEIX 18 US.C. 1001 [2&kY, AIEHHVIEBER(S)FEOREM. HHVLEFDOTEHICL ST OR
RLLEDBIEERHET .

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

e
WARNING:

FEEEMEAE T ID RHEMNTALSLEAANRE. HELAREPICSTLVLS IEMMETT . HEARES BTOEES . HIVRILI YL
H—FBBDOLSLHBAFROEH T (FTHLVEENEL. IMIFEHBNIILSVMD—FERBIERITTHS PTO-2038 ADEAZHAELT)
USPTOCKEHIFRIRIT) L. BEEHAIVVIZHEAFEADSZATLHDENERLTVER A COKIEEAIREA USPTO IIRETIEFICESThAIEN
HO&S, BREE/HEEEL. USPTO IR BIZRETAMICKCEIEL. ALHBSIXETEL. it RIELYEL A, BRE/LRE L. BiFHEOR
BAEIL. HREOAR. HAN I #IL, (37 CFR 1.213(a) ORHMIZEBL-ELBHENDRBOUNTHINTULIIRELRE) . —BAA
AFARELDOELZEE MO THEWENDYES, SOIC. HANKBIN R TH-TH. TOHRBN ARSIz, HALNIHEAL FESh -
EDZBELLTERSNTLABREIE. —RAQATNURELLGIBENHVET  IMIFBLIUIL DN —FRRZARTHY . KILEND=HIC
RENt: PTO-2038 HRIZHBEED7AILICIRRBENT LR T—RAMNAFTHILIXTEE LA,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthemmore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RAEDEXES
LEGAL NAME OF INVENTOR
RIAE: Bt ({F8):
Inventor: Takahiro KAWAKAMI Date (Optional) : % 7 // 9 /’4) / 7
7

St 4: lcc] NLD ( Cl}[@@«ﬁb

BE HEETF—2>—FPTOAIAA HEVNZEDNFZEMR) (2. RACBTBIKLEOGREED . AARICHEATIC L, HEARZORBE LT

PTO/SB/AIA01 F#t%EAY 5.
Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIAO01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute 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 Ofticer, 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-9799 and select option 2.
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1974 FTS54/—RF@A (P.L. 93-579)I%. ¥ HFEHDIVTHFICAT 2 FFBBAOREICREL T,
BEBBASHL-IZEIONAELIMELTOET LE=AH T, BEEBOREICLE=AL, TROZENLE
WEELTIESLY, (1) KIFHOWNEFRT SEIT 35 US.C. 2(b)(2TT . (2) RODoh=tEHDIRHE I,
RKADEETT.ESI21E. (3) RERFBETHIACOBREEA TS EMIT. FFHEE-ITBSD
IREEFQEL. HEWMIBETH1-0OTT ., ROOIAFREFIRBLEA 135S RKESHFBETXIRE
SNt DENE, BEETELESBANHYETOT. FOR/RELT. RBDITHYY., HEHLITHED

TAN—REEFHE

WE. HANIFFENBRDOLIENHYET,

FAMRICEBESN BRI, TEOERERABNIZENLET,

1.

XRAMRICRE S TLSERIE. FBRLME (5U.S.C.552) $FUTSA4NI—R#EX (5US.C
552a) MBI HEHAIZEVTEBIRWLELGYET ., XEH VAT LDRERK. XEHOMTHIME
BARETERSNTOSHNENEHBT 51-0OIZ. SLEEICBHRSNZEEAHYET,
KERVATLORRITEEEABANELT. RAXBFIRIZH T RABIFEL~DETESH.
DR RELTERE. FEHB. HOIVVIITREHFICHARINSIGEENHYET,
REBATLAPORBRITEREAENELT. BRICEHATHIBEANZLATIRRICHALT. XES
BRICEEAEFETA58. BAOHS2EETIRESBEICHATINGESAHYET,
FEFGRATLTPORBRILAEREABMELT, BUERITTLHHICEDERELBEBLT S, KT
DEWNEBICHRINDBENHYET . AHROZEEIL 5 U.S.C. 552a(m) IZTRITE. 1974 75
AN —EZDREEHZIBFLETNITLEYER A,

B HENDLETHBESN-ER BRI T 2XRBH I ATLRORK L. EEFEABNEL
T. BB HENIC]R O, RN EEREICEAREINDIGEELIHYET .
AEFRATLORZRITAEFEAENELT.BRLTLRE (35U.S.C.181) IZLIBEE . H&
URFHiZ (42U.S.C.218(c) ITHET<HEEHNBMIZELT, tho:EHNKAFHAIZHATEIND
BENHYET.

KRR RATLDRFILEEFEABEMNELT. 44 U.S.C. 2904 R 2906 &R ICHREBEIT
BRUTOTSLOREZHRTDH-HIC. XK—BFAZBRE (GSA)IZLY. LRBPFOERFED—REL
TITHhNSREHEOREBEPIZ. GSA ( F-IETOHIBRAIZCRAREINIBENHYET, LD
RIE. XBMD-ODREREFRNET S GSA HE. RUEE (GSA HAHLIIEHE) DiE
FIEBLTITOIhFET . MOSERIE. BAZRETIEMNOLELIHERSATIILYERA,
AR ATLORERITEEFERBENELT.35U.S.C. 122(b) IZHIKHRBELAREHB LML 35
U.S.C. 151 ICE DR RTRIC. —RICBATRINDIIGEEAHYFET, SoIBFITAREAB ML
LT.37CFR1.14 OFIRDLEN T, BREAIGEIh TEHFEIN, T EZFOLNEAKRLTEY. L
BN OENNLFLETESRINATOS. BFLBAN—BRBEDOLDICABIh TS, 21345
ARITIATULSIBEIE. —RRICABAShDIIENHYET,

AEBRATLORHIL. EFEFEABMEL T, REFFEETA ZROZHROERLE. H5HL
TBEMIERDNHIEHFLIIGS X EH. M. FXh A BEROERZICRINDIGEN
HYVET,
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PTO/AIAJO1 (06-12)

Approved for use through 01/31/2014. 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 contains a valid OMB control number.

BT —45>—H37 CFR1.76)% > -RA R UK F & & ! RS E#(37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

RHDEH POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE

In.ggst?c:n ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

TRBABTHLIE. DEDLNLETELET,
As the below named inventor, | hereby declare that:

REE FHETNTOS, BB

This declaration D e
is directed to: The attached application, or

KEHEE HHNE IZHRESN - PCT EFRE S ELTHREAShTWALDIZHETONT

B o=

United States application or PCT international application number ___15/638.449_ filed on _June 30, 2017 .

LEROBRBIBE. HAVIHINERERSLIELDICE>TITOAILOTT,
The above-identified application was made or authorized to be made by me.

I HBAEPIZHOOASLLLEDRBE, HHNZHLELEORFARBETT .

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

AEZEICHVTHREBICEADOBRLITEIToBE(EL 18 U.S.C. 1001 [Z&Y. AIRHAVIBRBES)FEORER. HHZEDOHmAHICLSHR O
RESDILEEHET,

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

&
WARNING:

FREB/LEAEIX ID BHERNTAIICEASERE. HEFLERRPICSTFLVLS . EFEMBRETT . HHERBES KTOEES. HDALIZILI v
H—FEBOLILBAFHORE X (RILLEBRELE: INFEHINIILSIMN—FERRIRETHS PTO-2038 ~DRAZHMHELT)
USPTO(KBEHRIFEIRT) . BREAHOVIHBRBDIZA TV 2EVERLTUER Ao COLIEHE AR A USPTO ICIBH T ARIEICSTH I LN
BULNKS, RS/ HREIL. USPTO ICRBEZRETAHICECEEL, LLHBEIXITEL. AL RIESYE R A, RS/ LRSI, R HEDR
BRNFIL. HEDRR, HANIIHFHRFEIL. (37 CFR 1.213(a) DRHICEBLI-IELBBHAIN R RBO LN TESh TLDIBE ERRE) . — AN
AFARELGLDERBEE M THEDENHYET . SoIC, HRM BRI BB TH-oTH. FOHRBNLAMEShz, HONTFHNZ FEh-HE
EQIZBELLTERSATULABE L. —RADAFENTRELLSDREMBYET . MIFELUILUYrH—FEZHBTHY ., THVBHND =8I
BHEhTz PTO-2038 HXITHBAD7AILICIZRIBEII T LIz T—RAMNAFTEILETEE A,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RAEDEXESR
LEGAL NAME OF INVENTOR
RHE: Bt (FE):
Inventor: Mayumi MIKAMI Date (Optional) : 7 /l q /20 (/)
E4: . |
Signature: Mo Yu me M aomd

L HEBT 2L —HPTOAIAM4 HDINIETORFMM) X RADAFTHRUFLEDREESH. FARITHFTTEIL. LHEBRORABTLIC
PTO/SB/IAIAO1 R#fiZHRTS.

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14, This collection is estimated to take 1 minute 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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To5AN—REEFHE

1974 ETS54/—FE% (PL. 93-579)(%. HFFLRAH AT 2 FTRADRBICAEELT.
BEBELNHLE-IZEZONALIRELTLET, LI=A>T EEROBEICLEDL, FRROZEHNSE
$BIBLTLEEL, (1) KIEBOIRELZ 2T D EMIL 35 U.S.C. 2(b)(2)TY . (2) ROShI-1EHRDIREL X,
AADERTYT, EBI2IF. 3) KERHBEFACOBREEATIEENIE. BFBREELITHTFD
REFNEL, HAWVIEETE-0TT, ROOhH-EBREZRELLEN--1BS . RKEHRFBETIZIRE
INF-LDENE BETELGLRGENHYETOT. TORRBELT. REBOITLYIY ., HALDILHED
BE. HANIIFHFEDIRDIIEAHBYETS,

FRAMICERSI-FRIZ. TROBEEAEMITRNET,

1. KARJKICE#HSATLSERIT. FRLABE (5U.S.C.552) BLUTS5M/\o—Ri&% (5US.C
552a) N BT HHBAICEVTEBIEVLELYET  KEHRIRATLDRRRIL. XIZE ORI E
BARETERINTOSHNENZHIT H-0I2, BEEEIBARINDBELRHYET,

2. FEEBUVATLORELBAEERABEMNELT. REXSFIBIZHSHERAAUHFAEL~DRATESD.
SEMMODIRTRELTERE. TEHE., HAVIXITHREHFRICARINZBELHYET,

3. FXEBVRATLFORRITEEREHABMELT, CHRICAHTIEANZNTIREICHALT. XES
BEAICXEZERTHBS. BAOEESAXEETLIKRERLBERICHARINIEELHYET,

4. XRBVATLPORRITEEFEHABMELT, 2HENITT E5-DIZFDERELEELET S, KT
DRNVEBICAREINDFBENHYFE T FROZEEIL 5 U.S.C. 552a(m) 2B 3%, 1974 75
AN—EZOBREBHFIEFLETNIERYEEA,

5 BHFBHAEHOLETHESA-ERHREIZET2XEH I ATLARADOREIZ AEEREMEL
T HHFBAENICR ST RN EERBICRATEN2BEMRHYET,

6. XEBVRATLAORRIAREABMELT. EFRLRE (35U.5.C.181) IZLZBER (. H&
URFHE (42U.S.C. 218(c) ITHETKEBEROEMIZE T, thEHNBAMBEIZRAREND
IBENHYET,

7. REBUVATLOREILEEFEABMELT.44U.S.C. 2904 KRV 2906 IZH IR EET
RUTOVSLOREXHRETH-0IZ. Xk—iRZERRE(GSA)IZXY. BHEOBTEDO—EREL
TITHhSRBOREMAEPIZ, GSA | F-IXFDHIBRBAICHARENZBENHYET, LD
RRIZ. XEHD-HDRBREZNTETS GSA RE. RUBE (GSA HL\ITHEHE) D5
BIZHEBLTITOhFET . DDRARIZ. BAZHETS8MOLEICEREINTIIGYEEA,

8. REBATLNERILEREGABEMELT.35U.S.C. 122(b) IR IHEEAREH DT 35
U.S.C. 151 ITEIDHHFRTERIC. —RBICATRINDIBENHYET, SSICERITEEERAB ML
LT.37 CFR1.14 OHIBOENT. BENLZIN TEHEIN. F-IEXTODREHARRLTEY. &
HEHOEFNAHNLNFAHETEREINATVS. HFHEAN —REBEOOIZARAShTVS, £-13H
HNRRITEINTVDESIE. —RBIZARINIZELHYET,

9. XEFVATLOREIZ. AEFEABMELT. KEFFBETH ZBOERDERL-. HDHL
ITBEMISERDHIEHIFLIZIBE X EIH. M. T3 BAKOERFICHARINDFGEN
HVET,
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. 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 contains a valid OMB control number.

Bk T —#—M37 CFR 1.76) 2 > - R A R U'RIF 8 G L M= W(37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

%ﬁ?%fﬁ POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE
fte o ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

Invention

TRRABTHALIL. 2EOLNEEELET .
As the below named inventor, | hereby declare that:

ﬁf’igaration D AIENTL, 5%’"?';
is directed to: The attached application, or
KEHR. HAMI__ 0 ICHRAShI-PCTEERRES 0 LLTHRESATLSIDIERETOAT

B .=

United States application or PCT international application number 15/638.449_ filed on _June 30, 2017..

LEDOHRATIE . HAWNMIIIEBREIREGLIZLDITL>TITHON LD TT,
The above-identified application was made or authorized to be made by me.

EFHBEDPIZHOONDLELLORAE . HHNILLLLEDORFFHEABTT .
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

FELEICBWTREBICRAOBLITETo1-15S(X 18U.S.C. 1001 IT&LY. AIEHAVIBBEG)FOREN . HEHEEOMAICL LT DO
REGDBILERHET,

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

B
WARNING:

BEE/MEAEL ID BHENTALILEASRE. HELERRPICSTFLNES. TBIVETT HEARBES, 8TOFEE. HHLIIL Vb
H—FEBEDLILBEAEBOREIZ(ZHULEENELE MIFEHINIILOVEH—FERBIRETHS PTO-2038 ~DRRAZRNELT)
USPTOCKEFIFBIRT) (L. BRHINFHBAREDIZ TV 2ZLERLTLER A COLISBAIERAC USPTO ICIRE T2 BIEICSTh B¢
BNES., FEERE/LEREE X, USPTO ITEEEFRETAMICKCGIEL, LLH-BEIRETEL. AL RELGYE LA, HRE/LERE L. HIrLRANER
BB, HREADAH. HANIIHHL &L (37 CFR1.213(a) DRHIZABL-IELAMBENBEBOENTHRINTLSREEE), — AN
AFAEGLDERZEEFM>THLENHYET . 512, HRMEBESN IR TH-oTH. TOHRALMEIN Tz, HAHMIFHNZFEh - HER
EhICBELLTERSN TV SRS L. —BADAFENARELLEDIBENDHBYET  INFELUILIYM—RRIBRRTHY . LB NOT=HIC
2&ht: PTO-2038 HRIZHBEDPAILITERBEN T LIASST—RRANAFT LI TEE R A,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthennore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RAZDTRER
LEGAL NAME OF INVENTOR
RAE: Bt (EE):
Inventor Yohei MOMMA Date (optionay: 07/ 20 /2217
E4: <
Signature: YO L\el M oM

% HET—2L—MPTOAIANG HHNIETOREMAE) . RACATRIFLAFOGEEED. FARHATIL LEBRRORAFILIC
PTO/SB/IAIA01 F#EERT 5.

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time wili 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, cali 1-800-PTO-9199 and select option 2.
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1974 FT54/3— Rk (P.L. 93-579)1%. 15er HRAH AL TFEFFICRIT S FR T HEBMORHIZBAEL T,

T4 —REEFRE

BEFRENHLICEIAONEEIRELTVET , LIz 2T RIERORE(CLE=A, TEEDIENDZE

#REBL TS, (1) FEBDUVEZR T HERIL 35 US.C. 2(b)(2)TT . (2) RODoNIAEHRDIRMEIZ.

FADEETYT . SHICE. (3) KEWRHFBRTHIOBBREZERTHSIEENE. 1FErHRAEIIIFHD
REZDEL, HAWVIBETH=OTT . ROGNIAFRZRBLLEA 1B S KEHFFBAIRT IXRE
EN-LDZNE . FETEULABENHYETOT. TOHERELT. BLEDITHUY , HAHLMIHBEAD
HWE. HOIVIFHFEDIKROIEAHYETS,

FRABICEESNFERI, TEEOBEEAEMNICRVETS,

1.

FAMICERBINTUOLHERIE. HBRABE (5U.S.C.552) BLUTS1/\—RiE*x (5USC
552a) HMEFE T AEEAICEVDTHMRELYET . RRBEATLDRERIE. REROFTRHE
HRORETERSNTLNINE L ZHITEH-0HIC, BUEREICRHARSNDBENHYET,

FERVATLOERFITEXEFERABMEL T, RRXBFIRICETLRAUARLI~ORTEE D,

IR TELTERE. FEHE. HAWIITREHFAICBEARINIBENAHYET,
FREBORATLIORFITEREABMNELT. BRICHTIBAANZLTIREFICALT, kEBE
BEICXBEEFIIBA. BAOBESEEFTIKERER ICATEINIBENHYET,
FRBRATLRORFILBEEEREMELT. RVEFRTTIOICTDERELELT D XT
DRHEFICHATEINDIGELRHYET FROZHEEIL 5 U.S.C. 552a(m) [TEITE. 1974 5
AN—EDREEHFIRTFLEFNIZLGYERA,

BB HEHOLLETHRASN-ERHEFEICRT AR RERATLANRERIE. EFERAEMEL
T. BB ASFHICEIF HRAMNFAEERBICAREINIFGENHYET,
FRFCATLORRITEEFEABNELT. ERRLRE (35 US.C. 181) ICKEHBEE (&
URFHiZE (42U.S.C. 218(c) ICHEIKEBEHOBMNIZH LT, th EHRAFHMAICRATENS
BENRBHYET,

FRBEATLORFITBEEFEAEMELT. 44 US.C. 2904 KU 2906 IZH IR EHEBIT
BUTATSLOREFHMETL-OIC. Xk—BHFEZERRE(GSA)ICKY. XHEADEEN—EBEL
TIThhAEROREBAPIZ. GSA | FIXTDHIERAICHTREINSBENHYET, LD
FRIZ. KERND-ODREREZMETS GSA RE. RUBE (GSA HALIIEHKE) D
BITERLTITOIET MDSFETRIE. BAZRETHIEMDLLICERSNTIIBYER A,
AREBORATLORRITBEEERABAELT.35US.C. 122(b) Iz&# I HEEARM#HAHLNE 35
U.S.C. 151 IZETUFFRTHRIC. —fRICBREINZIBENRHYET . SOICEBRITBEEEREMNE
LT.37 CFR 1.14 OHIBRDLEMN T, HEHIFLIN TEREFEIN, FIEFTOLEARRLTEY. 4
BEMOENNLFAEBETERBEIN TS, FIFEEAN—RBEDI-OICLARAZA TS, £
HANRITENATUVDIBEIX. —BRIZAMAEINEIENHYET,

RRBRTLORHIZ EEERBEMELT. KERHFBEFETH. ZRBOEROERLZ. H5HL
[FEEMISERDHLEHIHLUIIEE X EM. M. FIXh A EAROERFICHRTRESNDIEEN
HYET,
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PTOI/AIA/01 (06-12)

Approved for use through 01/31/2014. 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 contains a valid OMB control number.

B T—42—h37 CFR1.76)2 - -RAR U EE 8 G H EE ¥ #(37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

RADER | pOgITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE

itle of | ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

TRRABTHIMZ. DFOIENOEEELFET .
As the below named inventor, | hereby declare that:

ﬁﬁ%’f fon [] AERTLG. BELIE
[ his declaration The attached application, or
is directed to:
*EHME. HDINE [ZHR&hT-PCT EHFEEEE S ELTHEEShTLALDIZRTONT

B .:v.

United States application or PCT international application number __ 15/638.449 filed on _June 30, 2017 .

LEOHEEIFABS . HANIIAMERERELI-LDICE>TITHh LD TY,
The above-identified application was made or authorized to be made by me.

MIRBRAEPICHOLNDLLELLEDRAF ., HANILELLEOARRHAETT.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

XEERICBLTREICRABDBLITET2HSIE 18 U.S.C. 1001 (kY. FIRHAVIEBEE(S)FEDRER. HHWEEFOHmHICLSRRD
RELGDHILERDHET,

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

T
WARNING:

FERAE/HREE 1T ID BEHEMITALIUBASRE. NFHEEEPCIELNLS . TEMDETYT . HRERRES  BTOERES . HI\EIL DVt
H—FEESDLSGEARRORLE X (RILWEBNELIZ MIFHIVFIL O MO—FERBIIRIATHS PTO-2038 ~DELAZHIELT)
USPTOCKEMFEAT) L. FARAH DV X HEERBOIZ T 2EVERLTVER A COLILMBARERA USPTO ICRETARBICEEFNDI LN
B>, ARE/LRAEIX. USPTO ICREERETHNICKCGERL, LLH 2B LETEL, KA RIZLYER A, MBS HRERR. BirHROR
BREIE. HEORE. HHLMIHIFZFEIT. (37 CFR 1.213(a) ORMITEHLI-ELMBHNRIHEDULN THENTLHRELEEEE) . — WA
AFFRERLDEGDEEM>THRENHYFT, 2olc HEIRESN BB THoTH, TOHBHN ARSI, HHV WIS ZHEh - HRE
ERIIBFLLTERSATVDBE L. —RADAFNTRELEDBENBYET . MIFELUILDYRH—FRKBRARKTHY. XL BEMOT=IZ
fRi&htz PTO-2038 KX IHRIPAILICERFEI T, LEDST—RANAFTIILRITEE A,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
autharization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RAEFDEAES
LEGAL NAME OF {INVENTOR

REEE: Bt (EE):

Inventor: Masahiro TAKAIASHI Date (Optional) : 07/’ q /20 / 7
E4: —~—

Signature: Mogo hivo fm/ca[\ H S[\ L

##&E: LBET—2 —MPTOAIA4 HDLMITORIFRE) . RADBETRIZKLEOHEEINH. FARICHFATIoL LERRORAFTILIC
PTO/SB/AIAD1 F#ZERT 5.

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute 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, PO. 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-9139 and select option 2.
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TIAN—REEFRE

1974 FF54/130—®R &% (P.L. 93-579)(F. FFHREAHAVIIIFHFICRHT HRTIRBDIREICEEL T,
BEEBASLEIZEZONDEISMELTVET, LE=A2T, BEEROREICLI=AL, FRROZENDE
FEBLTLEEL, (1) FEFROUEZRTSEIE 35 U.S.C. 2(b)(2)TT . (2) ROOhI-1EHMDIBHIL.
AADEETT . &HICIF. 3) KEHHFEBETHACOFREERT 2T BN, BFHEF-IHHFD
IRHEMEL, HAWNIEBETH-OTT ., ROOMEERERBLENS1-15E . KERHFEHEFIXRH
ENF-LDENE, BEETELGRIBELHYETOT, TORBRELT. REDITEHY ., HAWNIHED
BRE. HDONIFHFEDIRDOIIEABYET,

FRAMICRHE SN FRIE. TEEOREERBMIHOET,

1. KARKICEHIA TWDHERIT. FRAME (5U.S.C.552) 8LU TS5\ —R#% 5US.C
552a) MFAETHHAICE UV THEIRWERYET , REEFI AT LDRRRIK. FREFEORATHE
BARMETERSNTWAINEIZHIN T 5=, BLEEICHATRESNZIEEAHYET,

2. REFCRATLADTRIIEEFERABNELT., TREXHBFIRIZE TR AAABEI~DHATEZSO.
DR TRELTERE. FTEHE. HAWNMIITREH AT CHATREINSIEENRHYET .

3. AREBRVATLPORHFIIESFEABMELT, BRICHATIEANZL T HRBRICHALT, KBS
BEICXEEERI OB BEAOMSXEE I IKERFARICHAREINIBENHYET.

4 FREHFFVATLDIORZILERFEABMNELT, BRERITTH-DICFDOHEREVELT D, KT
DEHVEFIRATEINDIBZENHYET . FHROREEIL 5 U.S.C. 552a(m) [THTE. 1974 TS5
AN—EZDOREBHZIBFLETAELYER A,

5 ¥R HEHNDOLETHEIN-ERHEICEAT AR HRIATLROREIE. EFFEABMEL
T.HFMHENICROZ, HRUNNFFEEHRBICHARINSEEAHYET,

6. AEFVATLNEHFITEREAENELT. ERZTLEME (35U.S.C. 181) IZLSPBEE . bL
UREFNE (42U.S.C. 218(c) ICHETKBEEDBMIZH T, D EHRBRAFHEIZFARENS
BErRBHYET,

7. XRFATLOREILAEEABMELT. 44 US.C. 2904 R 2906 IHICERBREEBIT
RUTAOTSLOBREEHRTLH-HIC. X—RIBEBRE(GSA)ICLY., HMEDEFEN—EEL
TIAHNDEEOREMEIRIZ. GSA . FHIETDHIERAICHATRINAEENHYET, LZD
BRI XEMNDE-ODRBEREZNTET S GSA HE. RUKE (GSA HHLIIHEHKHE) NiE
FIZERLTITHONET , HMOSERIE. BAZRETHENDLEIERSATIIGEYER A,

8. XEHVATLNEHFITEEMFEABMELT.35U.S.C. 122(b) IZEIHBELNRAEH LML 35
U.S.C. 151 IZ®DUFHFRTEIC. —RICHATEINASBENRHYET  SOICERFILERERAB ML
LT.37CFR 1.14 OHIB DN T, HENGESM TEHEIN ., FEXFONBEAKRLTEY. &
B OENNALFAHBETSRINATUVS, FHFHBEN—RBEDO-OHIZARATh TVS, £ (34
HARITEINTVSIES X, —iRIZAAEShDZERHYET,

9. XRFRATLORHEIL. AFEFEABMELT. KEHRHFBEETHN. ZBOERDERL-. HBHL
(EBEMISERLAHLHEHFLIZIGES X ESB. M. T BEAROEREZIHATREINSBEMN
HYET,
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. 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 contains a valid OMB control number.

BT —4>—M37 CFR1.76)2 - /-RARUVEIT# G HME T ¥(37 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR 1.76)

RADEH | pogITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE

In.l\./i;l:tgn ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

TRRAETHIAIE, 2EDEMNCEEELET.
As the below named inventor, | hereby declare that:

Th%f:izglaration D AIFENTNS, 5’.6”1
is directed to: The attached application, or
KEHRE. HBLE IcHBEEh-PCTEHRREES

B ov=r.

United States application or PCT international application number __ 15/638.449_ filed on _June 30, 2017 .

_ ELTHREhTLSLDIZETONT

LEOHREZIE S, HINIHIERERELI-LDICI>TITHIM LD TY,
The above-identified application was made or authorized to be made by me.

BHIEEEREFFICHLOLNILLLLDORAE, HHVBLLLLDARRAETY.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

ABEZCHVTHREICRADBLITET>BEIE 18U.S.C. 1001 1LY, FIRHIVRIEFEG)FEOREH. HDHLRBEO/HI=LSRRIDOx
RELGHILEZNHET,

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001

by fine or imprisonment of not more than five (5) years, or both.

2
WARNING:

FRAEMBEIX ID ZHEMTAIILB/AERE, FHEHREEPICEELVLS FENDETT  HEREES BITOEES. HILRILD U
A—FESOIILAARBOREIX(KILLVEENELE MIFHANIIL OV A—FERRZII B THS PTO-2038 ~DRAZHMAELT)
USPTOCKEHSBIRT) L. HRAHIWNIHBPHEDSIZI T 2ZVLERLTVERA COLSLBARRL USPTO ICRETHABBICEETNDHI LM
ENKS . FRRRE/HAEE (X, USPTO (CREXIRH T AWK GEEL. LLHSBEFETIEL. HERIBLYFR A RRAE/HRE L. FrHRBnaE
BRAEIL, HEOLR. HEHLIRFRFHKIT, (37 CFR 1.213(a) DIRHIZEBLI-ELMPHEIRRBOLHNTLHINTVDHRELERE) . — A
AFAHELLDERDEEHOTHD BN HYET, E0I12, HENBRESNIZRRTHoTL. TO LN LMENhIZ, HEHL IHMAZHEhI-HE
EPITSELLTERSWTLIREE. —RADAFENTRELGHFENHYET  MIFELVILOVMA—FRBRAKTHY . XLV ERNDHIC
jRiEht: PTO-2038 HRIFHEI7ALICRBRHEEI T LIS T—RANAFTILERITEER A,

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. {f this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

RAEOEDRKS
LEGAL NAME OF INVENTOR

REAH: Bt (EE):
Inventor: Ayae TSURUTA Date (Optional) : 07 / (4 /200l

. Ayae TSRUTA

Signature:

55 HET—32—hPTOAIN14 HANITORFMAM) (X RACEIRAFLEROMEEED ., FAMICHEATIL BHERRORAFLIC

PTO/SB/AIA01 FH#tEERT 5.
Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.

Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute 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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TIAN—REBEFAE

1974 754/ —RWME (P.L. 93-579)(F. W EBH AW IFHFICAT 2 /R BEORBIZEEL T,
BEBRAHLEEIZEZONBSISMELTLET . LEAST. FEEROMEIZLI=AL. TROZENALE
LTS, (1) RIFHROUNEERT HEMIE 35 US.C. 2(b)(2)TT . (2) ROONT-tEFRDIZHEIL.
AADEETY, EHICIE. ) RERSBEFSACOEREZEATI2EEMT. IFFEEFEIXEFHD
IREZNEL. HAWNIBEITLH-HTT, ROOKAFRERBLELI =15 S . KEFFEIER (TIZH
Sh-3DENE, BEETELGIBELRHYETOT. TORKRELT. WEDITLHYY. HAWIHEED
BE. HANIFHHFEMBRDOEIEAHYETS,

FRAMICEEHSI AR, TROBEEAEMIZHVET,

1. KPRICERFE S TOSERIL. FRARME (5U.S.C.552) BLUTS5/—R#EE (5U.S.C
552a) MAFETHHWEAICEVDTEBBRWNELYET . KARHRRATLOREKIT. XEREORATHE
BOAMETERSNWTULSHENZHMHT 51=-0IZ. SLEHICBRShSIEELRHYET,

2. KEFGVATLDREIIEEFEABMELT. REXSFFIRICHTIRAAUFET~ADRATESH.
SMORTELTER. PEHB, HAWIITHREHRIZATINIBELHYET,

3. XERHFVATLAPORRTESMHERAEMELT, RERICETHIBEAN KL T HRHFICTALT. XKER
BEICXEXEFIL5E8. BAOES2EFTHIREKBRICHAREINSGELRHYET,

4, XEHBATLDORFRITEEEABMELT. BUERITTA-HDICTOBEREVLELT S KT
DRHVEBICATINLEBENHYFE T FROZHEIL 5 U.S.C. 552a(m) ITETE, 1974 75
AN—EDOREEH/ZIRBFLETNIELRYERA,

5 BB HAEHDLETHESh-EREREICBET 2REHRATLADREEIL. EEFEABMEL
T BB HENICER T RN EERBICATEINAIBENHYET,

6. XEEBVATLOEHITBEEFAENELT. ERRL2RE 35U.S.C.181) IZL2HER . b&
UIRFAHiE (42U.S.C. 218(c) IZHLETCHEBRDBMICEWT. thERBABBICRATRENS
HBENRBHYET,

7. RREBUATLORBRILEEFHEMELT. 44 U.S.C. 2904 RU 2906 IcH IR EEETT
BUTAISLDOREBELZHRTH-HIC. X—RFZEBRE (GSA)IZLY ., BEEOERXD—ER&L
TITHhhLHEBORERBAPIC. GSA ( FIXFDHIER ACHATREINDIGFEENHYET, LEED
FARIL. KERDE:=-HDERREERTET S GSA RE. RUMEE (GSA HAL\IEHEHE) D5
RIZEPLTITOIET . ODSHRIT. BAZRETSBMDELLEICHERASATIIGYER A,
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATIONNUMBER | FILING OR 371(C) DATE |  FIRSTNAMED APPLICANT |  ATTY. DOCKET NO/TITLE |
15/638,449 06/30/2017 Teruaki OCHIAI 740756-004563
CONFIRMATION NO. 1074
22204 POA ACCEPTANCE LETTER
NIXON PEABODY, LLP
799 Ninth Street, NV LR
SUITE 500 000000095622972

WASHINGTON, DC 20001
Date Mailed: 11/22/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/20/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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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
PQ. Box 1450

Alexandria, Virgima 22313-1450
Www.uspto.gov

| APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT |  ATTY. DOCKET NOJ/TITLE |
15/638,449 06/30/2017 Teruaki OCHIAIL 740756-004563
CONFIRMATION NO. 1074
22204 PUBLICATION NOTICE
NIXON PEABODY, LLP
799 Ninth Street, NV LR
SUITE 500

WASHINGTON, DC 20001

Title:POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE ELECTRODE
ACTIVE MATERIAL, AND SECONDARY BATTERY

Publication No.US-2018-0013130-A1
Publication Date:01/11/2018

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 USPTQO'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
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, 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
https://portal.uspto.gov/pair/PublicPair. 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
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.@ Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/638,449 06/30/2017 Teruaki OCHIAI 740756-004563 1074
22204 7590 01/07/2019 | EXAMINER |
NIXON PEABODY, LLP
799 Ninth Sweet, NW CULLEN, SEAN P
SUITE 500
WASHINGTON. DC 20001 | ART UNIT | PAPER NUMBER |
1725
| NOTIFICATION DATE | DELIVERY MODE |
01/07/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipairlink @nixonpeabody.com
nppatent@nixonpeabody.com
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Application No. Applicant(s)
15/638,449 OCHIAl et al.

Office Action Summary Examiner Art Unit AIA Status
Sean P Cullen, Ph.D. 1725 Yes

-- The MA/LING DATE of this communication appears on the cover sheet with the correspondence adadress --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 30 June 2017.
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)[]J This action is FINAL. 2b) [J This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-22 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) __is/are allowed.
7) (O Claim(s) _____is/are rejected.
8) ([J Claim(s) _____is/are objected to.
9) Claim(s) 1-22 are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHf .gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11)J The drawing(s) filed on is/are: a)(] accepted or b)[(]J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  c)J None of the:
1.0 Certified copies of the priority documents have been received.
2.(J 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)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) (] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:

Paper No(s)/Mail Date
U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20181220
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Application/Control Number: 15/638,449 Page 2
Art Unit: 1725

DETAILED ACTION
Election/Restriction

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-16, drawn to a positive electrode active material, classified in HO1M4/366.

II. Claims 17-22, drawn to a method for forming a positive electrode active material,
classified in C23C22/83.

The inventions are independent or distinct, each from the other because:
2. Inventions II and I are related as process of making and product made. The inventions
are distinct if either or both of the following can be shown: (1) that the process as claimed can be
used to make another and materially different product or (2) that the product as claimed can be
made by another and materially different process (MPEP § 806.05(f)). In the instant case, the
product as claimed can be made by another and materially different process, such as, a method
that omits the first mixing and the first heating steps.
3. Restriction for examination purposes as indicated is proper because all the inventions
listed in this action are independent or distinct for the reasons given above and there would be a
serious search and/or examination burden if restriction were not required because one or more of
the following reasons apply:

e the inventions have acquired a separate status in the art in view of their different
classification; and
e the inventions require a different field of search (e.g., searching different
classes/subclasses or electronic resources, or employing different search strategies

or search queries).
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Application/Control Number: 15/638,449 Page 3
Art Unit: 1725

Applicant is advised that the reply to this requirement to be complete must include
(i) an election of a invention to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the restriction requirement, the election shall be treated as an
election without traverse. Traversal must be presented at the time of election in order to be
considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CFR 1.144. If claims are added after the election, applicant must indicate
which of these claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the
inventions to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the inventions unpatentable over the prior art, the evidence
or admission may be used in a rejection under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) of the
other invention.

4. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the
currently named inventors is no longer an inventor of at least one claim remaining in the
application. A request to correct inventorship under 37 CFR 1.48(a) must be accompanied by an
application data sheet in accordance with 37 CFR 1.76 that identifies each inventor by his or her

legal name and by the processing fee required under 37 CFR 1.17(1).
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Application/Control Number: 15/638,449 Page 4
Art Unit: 1725

5. The examiner has required restriction between product or apparatus claims and process
claims. Where applicant elects claims directed to the product/apparatus, and all
product/apparatus claims are subsequently found allowable, withdrawn process claims that
include all the limitations of the allowable product/apparatus claims should be considered for
rejoinder. All claims directed to a nonelected process invention must include all the limitations
of an allowable product/apparatus claim for that process invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product/apparatus
claims and the rejoined process claims will be withdrawn, and the rejoined process claims will be
fully examined for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the
rejoined claims must meet all criteria for patentability including the requirements of 35 U.S.C.
101, 102, 103 and 112. Until all claims to the elected product/apparatus are found allowable, an
otherwise proper restriction requirement between product/apparatus claims and process claims
may be maintained. Withdrawn process claims that are not commensurate in scope with an
allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. Additionally, in
order for rejoinder to occur, applicant is advised that the process claims should be amended
during prosecution to require the limitations of the product/apparatus claims. Failure to do so
may result in no rejoinder. Further, note that the prohibition against double patenting rejections
of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the examiner
before the patent issues. See MPEP § 804.01.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251.
The examiner can normally be reached on Monday-Thursday 6:00 am-4:00 pm CDT, Friday

6:00 am-12:00 pm CDT.
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Application/Control Number: 15/638,449 Page 5
Art Unit: 1725

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725
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Docket No.: 740756-004563

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: )

Teruaki OCHIAI et al. ) Group Art Unit: 1725
Application No.: 15/638,449 ) Examiner: Sean P. Cullen
Filed: June 30, 2017 ) Confirmation No.: 1074

For: POSITIVE ELECTRODE ACTIVE )
MATERIAL, METHOD FOR
MANUFACTURING POSITIVE )
ELECTRODE ACTIVE MATERIAL, AND )
SECONDARY BATTERY )

RESPONSE TO RESTRICTION REQUIREMENT AND AMENDMENT

Mail Stop Amendment - Via EFS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action mailed January 7, 2019, please amend the above-

identified application and consider Applicants’ remarks as follows.

Amendments to the Claims begins on page 2 of this paper.
Remarks begins on page 6 of this paper

740756-004563
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Docket No. 740756-0044563
Application No. 15/638,449
Page 2

IN THE CLAIMS:

1. (Original) A positive electrode active material comprising:

a first region positioned inside the positive electrode active material; and

a second region and a third region positioned in a superficial portion of the positive
electrode active material,

wherein the third region is positioned closer to a surface of the positive electrode
active material than the second region is,

wherein the first region comprises a first compound comprising an oxide of lithium
and a first transition metal,

wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure,

wherein the second region comprises a second compound comprising an oxide of a
second transition metal,

wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure,

wherein the second compound is a non-stoichiometric compound,

wherein the third region comprises a third compound comprising representative
elements, and

wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure.

2. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between the crystal structure of the first compound
and the crystal structure of the second compound is less than or equal to 0.12, and

wherein a degree of a mismatch between the crystal structure of the second compound

and the crystal structure of the third compound is less than or equal to 0.12.

740756-004563
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Docket No. 740756-0044563
Application No. 15/638,449
Page 3

3. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between a (1-1—4) plane of the crystal structure of
the first compound or a plane orthogonal to the (1-1-4) plane and a {100} plane of the
crystal structure of the second compound is less than or equal to 0.12, and

wherein a degree of a mismatch between the {100} plane of the crystal structure of

the second compound and a {100} plane of the crystal structure of the third compound is less

than or equal to 0.12.

4. (Original) The positive electrode active material according to claim 1,

wherein the first compound is a polycrystal.

5. (Original) The positive electrode active material according to claim 4,

wherein an average crystallite size of the oxide of lithium and the first compound is

greater than or equal to 280 nm and less than or equal to 630 nm.

6. (Original) The positive electrode active material according to claim 1,

wherein the third compound essentially consists of the representative elements.

7. (Original) The positive electrode active material according to claim 1,

wherein the third compound comprises at least one of magnesium oxide, calcium

oxide, beryllium oxide, lithium fluoride, and sodium fluoride.

8. (Original) A secondary battery comprising;:

a positive electrode comprising the positive electrode active material according to

claim 1; and

a negative electrode.

9. (Original) A positive electrode active material comprising:
a first region positioned inside the positive electrode active material, and
a second region and a third region positioned in a superficial portion of the positive

electrode active material,

wherein the third region is positioned closer to a surface of the positive electrode

active material than the second region is,

740756-004563
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Docket No. 740756-0044563
Application No. 15/638,449
Page 4

wherein the first region comprises lithium cobaltate,
wherein the second region comprises lithium titanate, and

wherein the third region comprises magnesium oxide.

10. (Original) The positive electrode active material according to claim 9,
wherein a crystal orientation of a part of the lithium cobaltate of the first region and a
crystal orientation of a part of the lithium titanate of the second region are substantially

aligned with each other.

11. (Original) The positive electrode active material according to claim 9,
wherein a crystal orientation of a part of the lithium titanate of the second region and
a crystal orientation of a part of the magnesium oxide of the third region are substantially

aligned with each other.

12. (Original) The positive electrode active material according to claim 9,

wherein a degree of a mismatch between a crystal structure of the lithium cobaltate of
the first region and a crystal structure of the lithium titanate of the second region is less than
or equal to 0.12, and

wherein a degree of a mismatch between the crystal structure of the lithium titanate of
the second region and a crystal structure of the magnesium oxide of the third region is less

than or equal to 0.12.

13. (Original) A positive electrode active material particle comprising lithium,
titanium, cobalt, magnesium, oxygen, and fluorine,

wherein when a concentration of cobalt in a superficial portion of the positive
electrode active material particle measured by X-ray photoelectron spectroscopy is 1, a
concentration of titanium is greater than or equal to 0.05 and less than or equal to 0.4, a
concentration of magnesium is greater than or equal to 0.4 and less than or equal to 1.5, and a

concentration of fluorine is greater than or equal to 0.05 and less than or equal to 1.5.
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Docket No. 740756-0044563
Application No. 15/638,449
Page 5

14. (Original) The positive electrode active material particle according to claim 13,
further comprising:

a first region positioned inside the positive electrode active material particle; and

a second region and a third region positioned in the superficial portion of the positive
electrode active material particle,

wherein the third region is positioned closer to a surface of the positive electrode
active material particle than the second region is,

wherein the first region comprises a first compound comprising lithium and cobalt,

wherein the second region comprises a second compound comprising titanium,

wherein the second compound is a non-stoichiometric compound, and

wherein the third region comprises a third compound comprising magnesium and

fluorine.

15. (Original) The positive electrode active material particle according to claim 14,

wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure,

wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure, and

wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure.

16. (Original) A secondary battery comprising:
a positive electrode comprising the positive electrode active material particle
according to claim 13; and

a negative electrode.

17-22. (Canceled)
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Docket No. 740756-0044563
Application No. 15/638,449
Page 6

REMARKS

The Restriction Requirement of January 7, 2019 was received and carefully

reviewed. In response to this requirement, Applicant hereby elects Invention I, claims 1-16,

drawn to a positive electrode active material, without traverse.

Non-elected claims 17-22 are canceled at this time to file a divisional application
directed thereto. Accordingly, claims 1-16 are pending for consideration.

Favorable consideration and prompt allowance of the instant application are
respectfully requested.

Should the Examiner believe anything further is desirable in order to place the
application in better condition for allowance, the Examiner is encouraged to contact

Applicant’s undersigned representative at the telephone number listed below.

Respectfully submitted,

[Jeftrey L. Costellia, Reg. No. 35.483/
Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY, LLP
CUSTOMER NO.: 22204

799 9th Street, N.W ., Suite 500
Washington, DC 20001

Tel: 202-585-8000
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Docket No.: 740756-004563

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application

Teruaki OCHIAL et al.
Application No.: 15/638,449
Filed: June 30, 2017

For: POSITIVE ELECTRODE ACTIVE
MATERIAL, METHOD FOR
MANUFACTURING POSITIVE
ELECTRODE ACTIVE
MATERIAL, AND SECONDARY
BATTERY

Group Art Unit: 1725
Examiner: Sean P. Cullien

Confirmation No.: 1074

N N N N N N N N

INFORMATION DISCL.LOSURE STATEMENT

Mail Stop Amendment - Via EFS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant
hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98.
In accordance with the policies of the U.S. Patent and Trademark Office, only copies of

newly cited foreign patents and non-patent literature are being submitted.

Applicant notes that the Foreign Patent Documents: JP-2004-103566;
WO-2012-005180 and JP-2004-342554 were previously cited by Japan Patent Office in a

Japanese Office Action mailed January 8, 2019 issued in a counterpart Japanese Application

No. 2017-132227.

Applicants also wish to bring to the Examiner’s attention the following family
information listed on the attached PTO-1449.

The undersigned certifies that each item of information contained in this information
disclosure statement was first cited in any communication from a foreign patent office in
connection with a counterpart foreign application not more than three (3) months prior to the
filing of this statement.

It is requested that the accompanying Form PTO-1449 be considered and made of
record in the above-identified application and that an Examiner-initialed copy of this form be

returned to the undersigned.

4851-2285-4793.1
740756-004563
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Docket No.: 740756-004563
Application No.: 15/638,449
Page 2

The present Information Disclosure Statement is submitted before issuance of an
action closing prosecution and is certified under 37 C.F.R. § 1.97(e)(1); therefore, no fee is
believed to be necessary at this time.

However, if a fee becomes necessary, the Commissioner is hereby authorized to
charge fees required in connection with this filing or credit any overpayment to Deposit
Account No. 19-2380.

Respectfully submitted,

[Jeffrey L. Costellia, Res. No. 35,483/
Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY LLP
CUSTOMER NO.: 22204

799 9th Street, N.W._, Suite 500
Washington, DC 20001-4501
Tel: 202-585-8000

4851-2285-4793.1
740756-004563
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WO-2012/005180 01-12-2012 Abst.
JP-2004-342554A 12-02-2004 Abst.

Examiner

I1Signature |

Date
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 unique citation designation 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 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, 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 (1-800-786-9199) and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 35304092
Application Number: 15638449
International Application Number:
Confirmation Number: 1074

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Customer Number:

22204

Filer:

Jeffrey Costellia/George Hinton

Filer Authorized By:

Jeffrey Costellia

Attorney Docket Number: 740756-004563
Receipt Date: 01-MAR-2019
Filing Date: 30-JUN-2017
Time Stamp: 17:26:10

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document A . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
130806
1 740756-004563_Response_to_ yes 6

RR_OA.pdf

b89840d4714f641ddfSf3324acc7df542767
42ef

AMPEREX Ex. 1002

Page 800



Multipart Description/PDF files in .zip description
Document Description Start End
Response to Election / Restriction Filed 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 6
Warnings:
Information:
106473
2 Transmittal Letter 740756—00456|3_(;lf)S_Transmltt no 2
a p b4a8861ac2eeSfech661da2ad970fa351fae0
922d
Warnings:
Information:
151843
3 Information DFlsclosuSr;OZtatement (IDS) 740756-004563_IDS_1449.pdf no 1
orm ( ) f924915b6d376e7e9ch7a72d8aa28c03913
7512
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
3593276
4 Foreign Reference JP2004-103566.pdf no 19
566444a61e973ca02c2400821cbc47a9d71
8dcdb
Warnings:
Information:
3016290
5 Foreign Reference W02012005180A1.pdf no 69
cdSde9beb87390785b7e811f0478a2a2d3k]|
3c9ca
Warnings:
Information:
2980857
6 Foreign Reference JP2004-342554.pdf no 19
827359b4857dSbb159bcd Se263e4cfh3f4s)
Warnings:
Information:
Total Files Size (in bytes); 9979545
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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 applicationis 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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Under the Paperwork Reduction Act of 1995, no persons are reg

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ired to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgI;g::trgFFgrE'LEggII?l?ATION RECORD 15/638.449 083015017 7o be Mailed
ENTITY: LARGE (JswmaALL (J micro

APPLICATION AS FILED - PART

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BAsIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(J SEARCH FEE N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
] EXAMINATION FEE
(37 CFR1.16(0), (p), o1 (q)) N/A N/A N/A
TOTAL CLAIMS ) .
(37 GFR 1.16(i)) minus 20 = x 380 -
INDEPENDENT CLAIMS ; .
(37 GFR 1.16(n) minus 3 = x $420 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
[:]éT:;LI??gION SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(JJ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
“ If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 03/01/2019 ;{E?AEAF'{N'NG gggﬁéﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * : P _ _
E (3(7)caFR1 166) 16 Minus 22 =0 x $100 = 0
4 * ) P
oo |3 pince | 4 -0 r $900 - 2
< | U Application Size Fee (37 CFR 1.16(s))
[:] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REXAFAT'E'L{NG PRNEL</’\IA(§3UE§LY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
W | Total . ; o - _
> (3(7)CaFR 1.16(i)) Minus B X $ 0 -
[a) .
2oy 1 inis | - : x 30 -
5 () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))

TOTAL ADD'L FEE

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/KAREN T WASHINGTON/

*** |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.

/f you need assistance in completing the fonm, call 1-800PT70O-9199 and select option 2.
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Substitute for form 1449A/PTO Complete if Known
INFORMATION DISCLO SURE Application Number 15/63 8,449
STATEMENT BY APPLICANT Filing Date June 30, 2017
First Named Inventor Teruaki OCHIAI et al.
(use as many sheets as necessary) Art Unit 1725
Examiner Name Sean P. Cullen
Sheet 1 of 1 Attorney Docket Number 740756-004563
U.S. PATENT DOCUMENTS
. . U.S. Patent Document
Examiner Cite i
Initials™ No.! Publication Date Name of Patentee or Pages, Columns, Lines, Where
Number - Kind Code? (if known) MMDD-YYYY Applicant of Cited Document Relevant Passages or Relevant
b Figures Appear
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Pages, Columns, Lines, Where
Initials” No.! Publication Date Name of Patentee or Relevant Passages or Relevant
Kind Code® MM-DD-YYYY Application of Cited Document Figures Appear T
Country Code* Number* (if known)
W0O-2012-132387 10-04-2012 Full
OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the T
Initials” No.! item (book, magazine, journal, serial, symposium, catalog, etc.)., date, page(s), volume-issue number(s),
publisher, city and/or country where published.
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). * See Kinds Codes of USPTO Patent Documents at www.tssgsts 70v or MPEP
901.04. 3 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.16 if possible. * Applicant is to place a check mark here if English language Translation is
attached.

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

4824-7261-3513.1
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Electronic Acknowledgement Receipt

EFS ID: 35369559
Application Number: 15638449
International Application Number:
Confirmation Number: 1074

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Customer Number:

22204

Filer:

Jeffrey Costellia/George Hinton

Filer Authorized By:

Jeffrey Costellia

Attorney Docket Number: 740756-004563
Receipt Date: 08-MAR-2019
Filing Date: 30-JUN-2017
Time Stamp: 16:08:33

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
169100
1 Transmittal Letter 740756—4563_SSu(;j)prementaI_IL‘ no 2
p e1d949¢5420153199777ae069687b6dS76 5|

40a17

Warnings:
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Information:

164368
5 Information DFlscIosuSréeOZtatement (IDS) 740756-004563_PTO-1449.pdf no 1
orm ( ) 3bf39e0c02327ea7cb8c688d45 895 504f4d¢|
1418
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
22750313
3 Foreign Reference WQ02012132387.pdf no 188
49787c6043b3bf6338e1d3429b29¢1bbe4a|
ae59c
Warnings:
Information:
Total Files Size (in bytes); 23083781

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. 740756-004563

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application
Teruaki OCHIALI et al.
Application No.: 15/638,449

)

) Group Art Unit: 1725

)
Filed: June 30,2017 ) Confirmation No.: 1074

)

)

)

Examiner: Sean P. Cullen

For: POSITIVE ELECTRODE ACTIVE
MATERIAL, METHOD FOR
MANUFACTURING POSITIVE
ELECTRODE ACTIVE MATERIAL,
AND SECONDARY BATTERY

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment — VIA EFS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

o In accordance with the duty of disclosure as set forth in 37 C.F.R. §1.56, Applicant
hereby submits the following information in conformance with 37 C.FR. §§ 1.97 and 1.98.
Applicant wishes to direct the attention of the Examiner to the Foreign Patent
Document WO-2012-132387 cited on Sheet 5 of the Form PTO-1449 filed in the IDS of
October 2. 2017 in the instant application, which was filed with an English-language

Abstract.

The instant Supplemental Information Disclosure Statement is being filed to cite a
Full English-language translation of the WO-2012-132387 for the Examiner’s
consideration at this time.

It is requested that the accompanying Form PTO-1449 be considered and made of
record in the above-identified application and that an Examiner-initialed copy of this form be
returned to the undersigned.

The documents are being submitted within three (3) months of the filing of this
application or entry into the national stage of this application, or before the first Office Action
on the merits, whichever is later, therefore no fee or certification is required under 37 C.F.R.

§ 1.97(b).

4820-3273-5881.1
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Docket No: 740756-004563
Application No.: 15/638,449
Page 2

It is believed that no fee is associated with this Information Disclosure Statement.
Nevertheless, the Commissioner is hereby authorized to charge any fees required in

connection with this filing, or credit any overpayment, to Deposit Account No. 19-2380.
Respectfully submitted,

By: /Jeffrey L. Costellia, Reg. No. 35.483/
Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY LLP
CUSTOMER No. 22204

799 9™ Street NW., Suite 500
Washington, D.C. 20001-4501
(202) 585-8000

4820-3273-5881.1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.@ Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/638,449 06/30/2017 Teruaki OCHIAI 740756-004563 1074
22204 7590 03/14/2019 | EXAMINER |
NIXON PEABODY, LLP
799 Ninth Sweet, NW CULLEN, SEAN P
SUITE 500
WASHINGTON. DC 20001 | ART UNIT | PAPER NUMBER |
1725
| NOTIFICATION DATE | DELIVERY MODE |
03/14/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipairlink @nixonpeabody.com
nppatent@nixonpeabody.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/638,449 OCHIAI et al.
Office Action Summary Examiner Art Unit AlA (FITF) Status
Sean P Cullen, Ph.D. 1725 Yes

-- The MA/LING DATE of this communication appears on the cover sheet with the correspondence adadress --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 01 March 2019.
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(J This action is FINAL. 2b) @ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-16 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ___ is/are allowed.
7) Claim(s) 1-16 is/are rejected.
8) (O Claim(s) _____is/are objected to.
9) (O Claim(s) ___ are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(v] The specification is objected to by the Examiner.
11)™ The drawing(s) filed on 01 March 2019 is/are: a)(] accepted or b)] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)v)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)™M All b)(J Some** ¢)(J None of the:
1.} 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)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
4) [) Other: _

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office

PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190307
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Application/Control Number: 15/638,449 Page 2
Art Unit: 1725

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Status of Claims
2. Claims 1-16 are pending.

3. Claims 17-22 are canceled.

Election/Restrictions
4. Applicant’s election without traverse of Group I in the reply filed on 01 March 2019 is

acknowledged.

Priority

5. Receipt is acknowledged of certified copies of papers required by 37 CFR 1.55.

Information Disclosure Statement
6. The information disclosure statements (IDS) submitted on 02 October 2017, 24 October
2017, and 01 March 2019 were filed before the mailing of a first Office Action on the merits.
The submissions comply with the provisions of 37 CFR 1.97. Accordingly, the information

disclosure statements are being considered by the examiner.
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Application/Control Number: 15/638,449 Page 3
Art Unit: 1725

Drawings
7. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(4) because:

Reference character 8101 has been used to designate both a housing of a lighting device
(e.g., Fig. 26) and a headlight (e.g., Fig. 27A). Reference character 8401 should be used to
designate a headlight in Fig. 27A.

Reference character 615 has been used to designate both a module (e.g., Figs. 12C and
12D) and a temperature control device (e.g., Fig. 12D). Reference character 617 should be used
to designate a temperature control device in Fig. 12D.

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to
the Office action to avoid abandonment of the application. Any amended replacement drawing
sheet should include all of the figures appearing on the immediate prior version of the sheet,
even if only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will
be notified and informed of any required corrective action in the next Office action. The
objection to the drawings will not be held in abeyance.

8. The drawings are objected to because:

Reference character 9634 does not have a lead line or are not underlined. Lead lines are
required for each reference character except for those which indicate the surface or cross section
on which they are placed. Such a reference character must be underlined to make it clear that a
lead line has not been left out by mistake. Lead lines must be executed in the same way as lines

in the drawing. See 37 CFR 1.84 (q).
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Application/Control Number: 15/638,449 Page 4
Art Unit: 1725

Figs. 37A-40E2 do not have satisfactory reproduction characteristics. See U.S.
2018/0013130 A1l. All drawings must be made by a process, which will give them satisfactory
reproduction characteristics. Every line, number, and letter must be durable, clean, black (except
for color drawings), sufficiently dense and dark, and uniformly thick and well defined. The
weight of all lines and letters must be heavy enough to permit adequate reproduction. This
requirement applies to all lines however fine, to shading, and to lines representing cut surfaces in
sectional views. Lines and strokes of different thicknesses may be used in the same drawing
where different thicknesses have a different meaning. See MPEP 37 CFR 1.84 ().

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to
the Office action to avoid abandonment of the application. Any amended replacement drawing
sheet should include all of the figures appearing on the immediate prior version of the sheet,
even if only one figure is being amended. The figure or figure number of an amended drawing
should not be labeled as “amended.” If a drawing figure is to be canceled, the appropriate figure
must be removed from the replacement sheet, and where necessary, the remaining figures must
be renumbered and appropriate changes made to the brief description of the several views of the
drawings for consistency. Additional replacement sheets may be necessary to show the
renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an
application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will
be notified and informed of any required corrective action in the next Office action. The
objection to the drawings will not be held in abeyance.

0. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they

do not include the following reference sign(s) mentioned in the description:
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Application/Control Number: 15/638,449 Page 5
Art Unit: 1725

617 (e.g., [0369] and [0670]),

11a (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]),
11b (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]),
12a (e.g., [0414], [0415], [0421], [0431], and [0670]),

12b (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]),
14 (e.g., [0415], [0416], [0418], and [0670]),

15a (e.g., [0419] and [0670]),

15b (e.g., [0419] and [0670])

17 (e.g., [0434] and [0670]),

50 (e.g., [0414]-[0416], [0423], [0424], [0427], [0431]-[0436], and [0670]),
51 (e.g., [0414], [0420]-[0422], [0424], [0427], [0431], [0433], [0435], and [0670]),
61 (e.g., [0421], [0431], [0434], and [0670]),

62 (e.g., [0421], [0422], [0424], [0425], [0427], [0428], and [0670]),

71 (e.g., [0422], [0423], and [0670]),

72 (e.g., [0422], [0423], and [0670]),

73 (e.g., [0431], [0435], and [0670]),

9631a (e.g., [0458], [0460], [0461], [0464], [0466], and [0670]),

9631b (e.g., [0458], [0460], [0461], [0464], [0466], and [0670]),

9638 (e.g., [0460] and [0670]),

9639 (e.g., [0461] and [0670]), and

8401 (e.g., [0487] and [0670]).

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to

the Office action to avoid abandonment of the application. Any amended replacement drawing
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sheet should include all of the figures appearing on the immediate prior version of the sheet,
even if only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will
be notified and informed of any required corrective action in the next Office action. The
objection to the drawings will not be held in abeyance.
10. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
include the following reference character(s) not mentioned in the description:

210 (e.g., Figs. 22A, 22B1, 22B2, 22C, and 22D),

211a (e.g., Figs. 22B1, 22B2, 22C, 22D, 23A, and 23B),

211b (e.g., Figs. 22B1, 22B2, 22C, 22D, 23A, and 23B),

212a (e.g., Figs. 22A, 22C, and 23B),

212b (e.g., Figs. 22A and 23B),

215a (e.g., Fig. 220),

215b (e.g., Fig. 23B),

217 (e.g., Figs. 22C and 22D),

250 (e.g., Fig. 22A),

251 (e.g., Figs. 22A, 22B1, 22B2, 22C, and 22D),

261 (e.g., Figs. 22A, 22C, and 22D),

262 (e.g., Figs. 22A, 22B1, and 22B2),

271 (e.g., Figs. 22A and 22C),

272 (e.g., Figs. 22A and 22C),

271a (e.g., Fig. 22D),
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271b (e.g., Fig. 22D),

272a (e.g., Fig. 22D),

272b (e.g., Fig. 22D),

273 (e.g., Figs. 22C and 22D),

8025 (e.g., Fig. 27B), and

222 (e.g., Fig. 54).

Corrected drawing sheets in compliance with 37 CFR 1.121(d), or amendment to the
specification to add the reference character(s) in the description in compliance with 37 CFR
1.121(b) are required in reply to the Office action to avoid abandonment of the application. Any
amended replacement drawing sheet should include all of the figures appearing on the immediate
prior version of the sheet, even if only one figure is being amended. Each drawing sheet
submitted after the filing date of an application must be labeled in the top margin as either
“Replacement Sheet” or “New Sheet” pursuant to 37 CFR 1.121(d). If the changes are not
accepted by the examiner, the applicant will be notified and informed of any required corrective

action in the next Office action. The objection to the drawings will not be held in abeyance.

Specification
11. The disclosure is objected to because of the following informalities:

Reference character 300 is referred to as a secondary battery in paragraph [0363].
Reference character 300 is used to designate a coin-type secondary battery. Reference character
300 should be referred to as a coin-type secondary battery in paragraph [0363].Reference
character 600 is referred to as a coin-type secondary battery in paragraph [0368].

Reference character 600 is used to designate a cylindrical secondary battery. Reference
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character 600 should be referred to as a cylindrical secondary battery in paragraph [0368].
Reference character 600 is referred to as a secondary battery in paragraph [0369].
Reference character 600 is used to designate a cylindrical secondary battery. Reference character

600 should be referred to as a cylindrical secondary battery in paragraph [0369].

Reference character 617 is described in paragraph [0369]. However, reference character
617 is not present in the drawings.

Reference character 980 is referred to as a secondary battery in paragraph [0395].
Reference character 980 is used to designate a laminated secondary battery. Reference character
980 should be referred to as a laminated secondary battery in paragraph [0395].

Reference character 980 is referred to as a secondary battery in paragraph [0398].
Reference character 980 is used to designate a laminated secondary battery. Reference character
980 should be referred to as a laminated secondary battery in paragraph [0398].

Reference character 980 is referred to as a secondary battery in paragraph [0399].
Reference character 980 is used to designate a laminated secondary battery. Reference character
980 should be referred to as a laminated secondary battery in paragraph [0399].

Reference character 500 is referred to as a secondary battery in paragraph [0412].
Reference character 500 is used to designate a laminated secondary battery. Reference character
500 should be referred to as a laminated secondary battery in paragraph [0412].

Reference character 50 is described in paragraphs [0414]-[0416], [0423], [0424], [0427],
and [0431]-[0436]. However, reference character 50 is not present in the drawings.

Reference character 11a is described in paragraphs [0414]-[0419], [0421]-[0428], [0431],
and [0434]-[0436]. However, reference character 11a is not present in the drawings.

Reference character 11b is described in paragraphs [0414]-[0419], [0421]-[0428], [0431],
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and [0434]-[0436]. However, reference character 11b is not present in the drawings.

Reference character 12a is described in paragraphs [0414], [0415], [0421], and [0431].
However, reference character 12a is not present in the drawings.

Reference character 12b is described in paragraphs [0414]-[0419], [0421]-[0428], [0431],
and [0434]-[0436]. However, reference character 12b is not present in the drawings.

Reference character 51 is described in paragraphs [0414], [0420]-[0422], [0424], [0427],
[0431], [0433] and [0435]. However, reference character 51 is not present in the drawings.

Reference character 14 is described in paragraphs [0415], [0416], and [0418]. However,
reference character 14 is not present in the drawings.

Reference character 61 is described in paragraphs [0421], [0431], and [0434]. However,
reference character 61 is not present in the drawings.

Reference character 62 is described in paragraphs [0421], [0422], [0424], [0425], [0427],
and [0428]. However, reference character 62 is not present in the drawings.

Reference character 71 is described in paragraphs [0422] and [0423]. However, reference
character 71 is not present in the drawings.

Reference character 72 is described in paragraphs [0422] and [0423]. However, reference
character 72 is not present in the drawings.

Reference character 15a is described in paragraph [0419]. However, reference character
15a is not present in the drawings.

Reference character 15b is described in paragraph [0419]. However, reference character
15b is not present in the drawings.

Reference character 214 is described in paragraph [0426] as "not illustrated." However,

reference character 214 is illustrated in Fig. 23A.
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Reference character 73 is described in paragraphs [0431] and [0435]. However, reference
character 73 is not present in the drawings.

Reference character 17 is described in paragraph [0434]. However, reference character 17
is not present in the drawings.

Reference character 9631a is described in paragraphs [0458], [0460], [0461], [0464], and
[0466]. However, reference character 9631a is not present in the drawings.

Reference character 9631b is described in paragraphs [0458], [0460], [0461], [0464], and
[0466]. However, reference character 9631b is not present in the drawings.

Reference character 9638 is described in paragraph [0460]. However, reference character
9638 is not present in the drawings.

Reference character 9639 is described in paragraph [0461]. However, reference character
9639 is not present in the drawings.

Reference character 8401 is described in paragraph [0487]. However, reference character
8401 is not present in the drawings.

Reference character 101 is referred to as a region in paragraph [0670]. Reference
character 101 is used to designate a first region. Reference character 101 should be referred to as
a first region in paragraph [0670].

Reference character 102 is referred to as a region in paragraph [0670]. Reference
character 101 is used to designate a second region. Reference character 102 should be referred to
as a second region in paragraph [0670].

Reference character 103 is referred to as a region in paragraph [0670]. Reference
character 103 is used to designate a third region. Reference character 103 should be referred to as

a third region in paragraph [0670].

AMPEREX Ex. 1002

Page 819



Application/Control Number: 15/638,449 Page 11
Art Unit: 1725

Reference character 104 is referred to as a region in paragraph [0670]. Reference
character 104 is used to designate a fourth region. Reference character 104 should be referred to
as a fourth region in paragraph [0670].

Reference character 112 is referred to as a layer in paragraph [0670]. Reference character
112 is used to designate a layer containing titanium. Reference character 112 should be referred
to as a layer containing titanium in paragraph [0670].

Reference character 122 is referred to as a layer in paragraph [0670]. Reference character
122 is used to designate a layer containing titanium. Reference character 122 should be referred
to as a layer containing titanium in paragraph [0670].

Reference character 125 is referred to as a layer in paragraph [0670]. Reference character
125 is used to designate a layer containing lithium titanate. Reference character 125 should be
referred to as a layer containing lithium titanate in paragraph [0670].

Reference character 300 is referred to as a secondary battery in paragraph [0670].
Reference character 300 is used to designate a coin-type secondary battery. Reference character
300 should be referred to as a coin-type secondary battery in paragraph [0670].

Reference character 500 is referred to as a secondary battery in paragraph [0670].
Reference character 500 is used to designate a laminated secondary battery. Reference character
500 should be referred to as a laminated secondary battery in paragraph [0670].

Reference character 600 is referred to as a secondary battery in paragraph [0670].
Reference character 600 is used to designate a cylindrical secondary battery. Reference character
600 should be referred to as a cylindrical secondary battery in paragraph [0670].

Reference character 617 is described in paragraph [0670]. However, reference character

617 is not present in the drawings.
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Reference character 980 is referred to as a secondary battery in paragraph [0670].
Reference character 980 is used to designate a laminated secondary battery. Reference character
980 should be referred to as a laminated secondary battery in paragraph [0670].

Reference character 11a is described in paragraph [0670]. However, reference character
11a is not present in the drawings.

Reference character 11b is described in paragraph [0670]. However, reference character
11b is not present in the drawings.

Reference character 12a is described in paragraph [0670]. However, reference character
12a is not present in the drawings.

Reference character 12b is described in paragraph [0670]. However, reference character
12b is not present in the drawings.

Reference character 14 is described in paragraph [0670]. However, reference character 14
is not present in the drawings.

Reference character 15a is described in paragraph [0670]. However, reference character
15a is not present in the drawings.

Reference character 15b is described in paragraph [0670]. However, reference character
15b is not present in the drawings.

Reference character 17 is described in paragraph [0670]. However, reference character 17
is not present in the drawings.

Reference character 50 is described in paragraph [0670]. However, reference character 50
is not present in the drawings.

Reference character 51 is described in paragraph [0670]. However, reference character 51

is not present in the drawings.
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Reference character 61 is described in paragraph [0670]. However, reference character 61
is not present in the drawings.

Reference character 62 is described in paragraph [0670]. However, reference character 62
is not present in the drawings.

Reference character 71 is described in paragraph [0670]. However, reference character 71
is not present in the drawings.

Reference character 72 is described in paragraph [0670]. However, reference character 72
is not present in the drawings.

Reference character 73 is described in paragraph [0670]. However, reference character 73
is not present in the drawings.

Reference character 8021 is referred to as a charging apparatus in paragraph [0670].
Reference character 8021 is used to designate a ground-based charging apparatus. Reference
character 8021 should be referred to as a ground-based charging apparatus in paragraph [0670].

Reference character 8401 is described in paragraph [0670]. However, reference character
8401 is not present in the drawings.

Reference character 9625 is referred to as a switch in paragraph [0670]. Reference
character 9625 is used to designate a power saving mode changing switch. Reference character
9625 should be referred to as a power saving mode changing switch in paragraph [0670].

Reference character 9626 is referred to as a switch in paragraph [0670]. Reference
character 9626 is used to designate a display mode switch. Reference character 9626 should be
referred to as a display mode changing switch in paragraph [0670].

Reference character 9631a is described in paragraph [0670]. However, reference

character 9631a is not present in the drawings.
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Reference character 9631b is described in paragraph [0670]. However, reference
character 9631b is not present in the drawings.

Reference character 9638 is described in paragraph [0670]. However, reference character
9638 is not present in the drawings.

Reference character 9639 is described in paragraph [0670]. However, reference character
9639 is not present in the drawings.

Appropriate correction is required.
12. The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed.

The following title is suggested: POSITIVE ELECTRODE ACTIVE MATERIAL
INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE AND
MAGNESIUM OXIDE, METHOD FOR MANUFACTURING POSITIVE ELECTRODE

ACTIVE MATERIAL, AND SECONDARY BATTERY.

Claim Rejections - 35 USC § 112

13. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

14. Claims 1-16 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the

invention.
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Claim 1 recites the limitation "a first region positioned inside the positive electrode
active material." Claim 1 also recites "[a] positive electrode active material comprising: a first
region.” It is unclear how a component (i.e., a first region) of an element (i.e., a positive
electrode active material) can be inside the element. Therefore, the configuration of the positive
electrode active material is unclear.

The term "representative” in claim 1 is a relative term which renders the claim indefinite.
The term "representative” is not defined by the claim, the specification does not provide a
standard for ascertaining the requisite degree, and one of ordinary skill in the art would not be
reasonably apprised of the scope of the invention. Therefore, the limitation "representative
elements" is unclear.

Claims 2-7 are directly dependent from claim 1 and include all the limitations of claim 1.
Therefore, claims 2-7 are also indefinite for failing to particularly point out and distinctly claim
the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as
the invention.

Claim 8 recites the limitation "the positive electrode active material according to claim
1" and includes all the limitations of claim 1. Therefore, claim 8 is also indefinite for failing to
particularly point out and distinctly claim the subject matter which the inventor or a joint
inventor, or for pre-AIA the applicant regards as the invention.

Claim 9 recites the limitation "a first region positioned inside the positive electrode
active material." Claim 9 also recites "[a] positive electrode active material comprising: a first
region.” It is unclear how a component (i.e., a first region) of an element (i.e., a positive
electrode active material) can be inside the element. Therefore, the configuration of the positive

electrode active material is unclear.
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Claim 10-12 are directly dependent from claim 9 and include all the limitations of claim
1. Therefore, claims 10-12 are also indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AlA the applicant
regards as the invention.

Claim 13 recites the limitation "a concentration of titanium is greater than or equal to
0.05 and less than or equal to 0.4." Claim 13 has previously recited the limitation "a
concentration of cobalt in a superficial portion of the positive electrode active material measured
by X-ray photoelectron spectroscopy.” It is unclear if "a concentration of titanium" is also "in a
superficial portion of the positive electrode active material" and "measured by X-ray
photoelectron spectroscopy."

Claim 13 recites the limitation "a concentration of magnesium is greater than or equal to
0.4 and less than or equal to 1.5." Claim 13 has previously recited the limitation "a concentration
of cobalt in a superficial portion of the positive electrode active material measured by X-ray
photoelectron spectroscopy.” It is unclear if "a concentration of magnesium" is also "in a
superficial portion of the positive electrode active material" and "measured by X-ray
photoelectron spectroscopy."

Claim 13 recites the limitation "a concentration of fluorine is greater than or equal to
0.05 and less than or equal to 1.5." Claim 13 has previously recited the limitation "a
concentration of cobalt in a superficial portion of the positive electrode active material measured
by X-ray photoelectron spectroscopy." It is unclear if "a concentration of fluorine" is also "in a
superficial portion of the positive electrode active material" and "measured by X-ray

photoelectron spectroscopy."
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Claim 14 recites the limitation "a first region positioned inside the positive electrode
active material particle." Claim 14 also recites "[t]he positive electrode active material particle
... comprising: a first region." It is unclear how a component (i.e., a first region) of an element
(i.e., a positive electrode active material particle) can be inside the element. Therefore, the
configuration of the positive electrode active material is unclear.

Claim 15 is directly dependent from claim 14, indirectly dependent from claim 13, and
includes all the limitations of claims 13 and 13. Therefore, claim 15 is also indefinite for failing
to particularly point out and distinctly claim the subject matter which the inventor or a joint
inventor, or for pre-AIA the applicant regards as the invention.

Claim 16 recites the limitation "the positive electrode active material particle according
to claim 13" and includes all the limitations of claim 13. Therefore, claim 16 is also indefinite for
failing to particularly point out and distinctly claim the subject matter which the inventor or a

joint inventor, or for pre-AIA the applicant regards as the invention.

Claim Rejections - 35 USC § 102
15. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale or
otherwise available to the public before the effective filing date of the claimed invention.

16. Claim(s) 1, 4, 6-8, and 13-16 is/are rejected under 35 U.S.C. 102(a)(1) as being
anticipated by Ooyama et al. (US 2007/0224506 A1, hereinafter Ooyama).

Regarding claim 1, Ooyama discloses a positive electrode active material comprising:
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e afirstregion positioned inside the positive electrode active material (see complex
oxide particles, [0022]); and

e asecond region (see coating layer, [0021]) and a third region (see surface layer,
[0030]) positioned in a superficial portion of the positive electrode active material
(see cathode active material, [0032]),

e wherein the third region (see surface layer, [0030]) is positioned closer to a
surface of the positive electrode active material than the second region is (see
coating layer, [0030]),

e wherein the first region comprises a first compound comprising an oxide of
lithium and a first transition metal (see Li(1+xCo(1-yyMyO(2-z), [0022]),

e wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure (see Li(1+xCo1-yMyO2-2), [0022]),

e wherein the second region comprises a second compound comprising an oxide of
a second transition metal (see oxide, [0035]-[0036]),

e wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure (see oxide, [0035]-[0036]),

e wherein the second compound is a non-stoichiometric compound (see coating
layer, [0027]),

e wherein the third region comprises a third compound comprising representative
elements (see surface layer, [0030]), and

e wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure (see oxide, [0030]).
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Regarding claim 4, Ooyama discloses all claim limitations set forth above and further
discloses a positive electrode active material:

e wherein the first compound is a polycrystal (see Lig1+xCoq-yyMyO@-z), [0022]).

Regarding claim 6, Ooyama discloses all claim limitations set forth above and further
discloses a positive electrode active material:

e wherein the third compound essentially consists of the representative elements
(see surface layer, [0030]).

Regarding claim 7, Ooyama discloses all claim limitations set forth above and further
discloses a positive electrode active material:

e wherein the third compound comprises at least one of magnesium oxide, calcium
oxide, beryllium oxide, lithium fluoride, and sodium fluoride (see magnesium,
[0030]).

Regarding claim 8, Ooyama discloses a secondary battery comprising a positive
electrode (21, [0044]) comprising a positive electrode active material; and a negative electrode
(22, [0044]), wherein the positive electrode active material comprises:

e afirst region positioned inside the positive electrode active material (see complex
oxide particles, [0022]); and

e asecond region (see coating layer, [0021]) and a third region (see surface layer,
[0030]) positioned in a superficial portion of the positive electrode active material
(see cathode active material, [0032]),

e wherein the third region (see surface layer, [0030]) is positioned closer to a
surface of the positive electrode active material than the second region is (see

coating layer, [0030]),
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wherein the first region comprises a first compound comprising an oxide of
lithium and a first transition metal (see Li(1+x)Co(1-yyMyOc2-z), [0022]),

wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure (see Li(1+x)Co-yyMyO2-2), [0022]),

wherein the second region comprises a second compound comprising an oxide of
a second transition metal (see oxide, [0035]-[0036]),

wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure (see oxide, [0035]-[0036]),

wherein the second compound is a non-stoichiometric compound (see coating
layer, [0027]),

wherein the third region comprises a third compound comprising representative
elements (see surface layer, [0030]), and

wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure (see oxide, [0030]).

Regarding elaim 13, Ooyama discloses a positive electrode active material particle

comprising:

lithium (see Li(1+x)Co1-yMyO-z), [0022]), titanium, cobalt (see Lia+x)Coq-
vMyO(2-2), [0022]), magnesium ([0028], [0030]), oxygen (see oxide, [0030]), and
fluorine (see fluoride, [0035]),

wherein when a concentration of cobalt in a superficial portion of the positive

electrode active material particle measured by X-ray photoelectron spectroscopy

is 1 (see Liq+)Coa-yMyO2-2), [0022]),
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a concentration of titanium is greater than or equal to 0.05 and less than or equal
to 0.4 (see surface layer, [0030]),

a concentration of magnesium is greater than or equal to 0.4 and less than or equal
to 1.5 (see surface layer, [0030]), and

a concentration of fluorine is greater than or equal to 0.05 and less than or equal

to 1.5 (see coating layer, [0029]).

Regarding claim 14, Ooyama discloses all claim limitations set forth above and further

discloses a positive electrode active material further comprising:

a first region positioned inside the positive electrode active material particle (see
complex oxide particles, [0022]); and

a second region (see coating layer, [0021]) and a third region (see surface layer,
[0030]) positioned in a superficial portion of the positive electrode active material
particle (see cathode active material, [0032]),

wherein the third region (see surface layer, [0030]) is positioned closer to a
surface of the positive electrode active material particle than the second region is
(see coating layer, [0030]),

wherein the first region comprises a first compound comprising lithium and cobalt
(see Lig+x)Coa-yyMyOe-z), [0022]),

wherein the second region comprises a second compound comprising titanium
(see coating layer, [0028]),

wherein the second compound is a non-stoichiometric compound (see coating

layer, [0027]), and
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e wherein the third region comprises a third compound comprising magnesium (see
surface layer, [0030]) and fluorine (see fluoride, [0036]).

Regarding claim 15, Ooyama discloses all claim limitations set forth above and further
discloses a positive electrode active material:

e wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure (see Li(1+x)Co1-yMyO2-2), [0022]),

e wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure (see oxide, [0035]-[0036]), and

e wherein a type of a crystal structure of the third compound is the rock-salt crystal
structure (see oxide, [0030]).

Regarding claim 16, Ooyama discloses a secondary battery comprising a positive
electrode (21, [0044]) comprising a positive electrode active material; and a negative electrode
(22, [0044]), wherein the positive electrode active material particle comprises:

e lithium (see Liq+x)Coa-yyMyOq2-2), [0022]), titanium, cobalt (see Lia+x)Coq-
vwMyO(2-2), [0022]), magnesium ([0028], [0030]), oxygen (see oxide, [0030]), and
fluorine (see fluoride, [0035]),

e wherein when a concentration of cobalt in a superficial portion of the positive
electrode active material particle measured by X-ray photoelectron spectroscopy
is 1 (see Li(1+x)Cou-yMyO2-2), [0022]),

e aconcentration of titanium is greater than or equal to 0.05 and less than or equal
to 0.4 (see surface layer, [0030]),

e aconcentration of magnesium is greater than or equal to 0.4 and less than or equal

to 1.5 (see surface layer, [0030]), and
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e aconcentration of fluorine is greater than or equal to 0.05 and less than or equal

to 1.5 (see coating layer, [0029]).

Claim Rejections - 35 USC § 103
17. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

18.  The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.
19. This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.
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20. Claims 2 and 3 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama
(US 2007/0224506 A1) as applied to claim 1 above, and further in view of Yura et al. (US
2012/0258358 A1, hereinafter Yura).

Regarding claims 2 and 3, Ooyama discloses all claim limitations set forth above, but
does not explicitly disclose a positive electrode active material:

e wherein a degree of a mismatch between the crystal structure of the first
compound and the crystal structure of the second compound is less than or equal
to 0.12, and

e wherein a degree of a mismatch between the crystal structure of the second
compound and the crystal structure of the third compound is less than or equal to
0.12; and

e wherein a degree of a mismatch between a (1-1-4) plane of the crystal structure of
the first compound or a plane orthogonal to the (1-1-4) plane and a [100] plane of
the crystal structure of the second compound is less than or equal to 0.12, and

e wherein a degree of a mismatch between the [100] plane of the crystal structure of
the second compound and a [100] plane of the crystal structure of the third
compound is less than or equal to 0.12.

Yura discloses a positive electrode active material (222) having a degree of a mismatch
between a crystal structure of a first compound (222a) and a crystal structure of the second
compound (222a) is less than or equal to 0.12 (see crystal orientations, [0163]), and wherein a
degree of a mismatch between the crystal structure of the second compound (222a) and a crystal
structure of a third compound (222a) is less than or equal to 0.12 (see crystal orientations,

[0163]); and wherein a degree of a mismatch between a (1-1-4) plane of the crystal structure of
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the first compound (222a) or a plane orthogonal to the (1-1-4) plane and a [100] plane of the
crystal structure of the second compound (222a) is less than or equal to 0.12 (see crystal
orientations, [0163]), and wherein a degree of a mismatch between the [100] plane of the crystal
structure of the second compound (222a) and a [100] plane of the crystal structure of the third
compound (222a) is less than or equal to 0.12 (see crystal orientations, [0163]) to improve
electron and lithium ion diffusion in order to improve the cell characteristics (see cathode active
material, [0038]). Ooyama and Yura are analogous art because they are directed to positive
electrode active materials for lithium secondary batteries. Therefore, it would have been obvious
to one of ordinary skill in the art at the effective filing date of the invention to make the positive
electrode active material of Ooyama with the degree of mismatch of Yura to improve electron

and lithium ion diffusion in order to improve the cell characteristics.

21. Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama (US
2007/0224506 A1) as applied to elaim 1 above, and further in view of Endo et al. (US
2010/0233542 A1, hereinafter Endo).

Regarding elaim 5, Ooyama discloses all claim limitations set forth above, but does not
explicitly disclose a positive electrode active material:

e wherein an average crystallite size of the oxide of lithium and the first compound
is greater than or equal to 280 nm and less than or equal to 630 nm.

Endo discloses a positive electrode active material having an average crystallite size of an
oxide of lithium and a first compound greater than or equal to 280 nm and less than or equal to
630 nm to improve the reversible capacity (see crystallite size, [0144]). Ooyama and Endo are

analogous art because they are directed to positive electrode active materials for lithium
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secondary batteries. Therefore, it would have been obvious to one of ordinary skill in the art at
the effective filing date of the invention to make the positive electrode active material of

Ooyama with the average crystallite size of Endo in order to improve the reversible capacity.

22. Claim 9 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama (US
2007/0224506 A1) in view of Takahashi et al. (US 2004/0229123 A1, hereinafter Takahashi).
Regarding claim 1, Ooyama discloses a positive electrode active material comprising:
e afirst region positioned inside the positive electrode active material (see complex
oxide particles, [0022]); and
e asecond region (see coating layer, [0021]) and a third region (see surface layer,
[0030]) positioned in a superficial portion of the positive electrode active material
(see cathode active material, [0032]),
e wherein the third region (see surface layer, [0030]) is positioned closer to a
surface of the positive electrode active material than the second region is (see
coating layer, [0030]),
e wherein the first region comprises lithium cobaltate (see Lia+x)Coq-yyMyO(2-2),
[0022]), and
e wherein the third region comprises magnesium oxide (see magnesium, [0030]).
Ooyama does not explicitly disclose:
e wherein the second region comprises lithium titanate.
Takahashi discloses a positive electrode active material comprising a second region
including lithium titanate (see titanium compound, [0074]) to improve the high rate

characteristics (see titanium, [0097]). Ooyama and Takahashi are analogous art because they are
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directed to positive electrode active materials for lithium secondary batteries. Therefore, it would
have been obvious to one of ordinary skill in the art at the effective filing date of the invention to
make the second region of Ooyama with the lithium titanate in order to improve the high rate

characteristics.

23. Claims 10-12 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama
(US 2007/0224506 A1) in view of Takahashi (US 2004/0229123 A1) as applied to claim 9
above, and further in view of Yura (US 2012/0258358 Al).

Regarding claims 10-12, modified Ooyama discloses all claim limitations set forth
above, but does not explicitly disclose a positive electrode active material:

e wherein a crystal orientation of a part of the lithium cobaltate of the first region
and a crystal orientation of a part of the lithium titanate of the second region are
substantially aligned with each other;

e wherein a crystal orientation of a part of the lithium titanate of the second region
and a crystal orientation of a part of the magnesium oxide of the third region are
substantially aligned with each other;

e wherein a degree of a mismatch between a crystal structure of the lithium
cobaltate of the first region and a crystal structure of the lithium titanate of the
second region is less than or equal to 0.12, and

e wherein a degree of a mismatch between the crystal structure of the lithium
titanate of the second region and a crystal structure of the magnesium oxide of the

third region is less than or equal to 0.12.
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Yura discloses a positive electrode active material (222) having a crystal orientation of a
part of a first compound (222a) of a first region and a crystal orientation of a part of a second
compound (222a) of a second region are substantially aligned with each other (see crystal
orientations, [0163]); wherein a crystal orientation of a part of the second compound of the
second region and a crystal orientation of a part of a third compound (222a) of a third region are
substantially aligned with each other (see crystal orientations, [0163]); wherein a degree of a
mismatch between a crystal structure of the first compound of the first region and a crystal
structure of the second compound of the second region is less than or equal to 0.12 (see crystal
orientations, [0163]), and wherein a degree of a mismatch between the crystal structure of the
second compound of the second region and a crystal structure of the third compound of the third
region is less than or equal to 0.12 (see crystal orientations, [0163]) to improve electron and
lithium ion diffusion in order to improve the cell characteristics (see cathode active material,
[0038]). Therefore, it would have been obvious to one of ordinary skill in the art at the effective
filing date of the invention to make the positive electrode active material of Ooyama with the
crystal orientation and degree of mismatch of Yura to improve electron and lithium ion diffusion

in order to improve the cell characteristics.

Conclusion
24. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251.
The examiner can normally be reached on Monday-Thursday 6:00 am-4:00 pm CDT, Friday

6:00 am-12:00 pm CDT.
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Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725
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IBM_TDB

OR

ON

2019/03/07

10:07

S21 {4 (JP-2004103566-$| WO-2012005180-$).did.

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPQO;
DERWENT;

{/BM_TDB

OR

ON

| 2019/03/07

10:11

822§6

{|(JP-2004103566-$| WO-2012005180-$| JP- {JUS-PGPUB; JJOR

|oN

§]2019/03/07
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EAST Search History

2004342554-%).did. USPAT,; 10:12
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S23 {18  {§HO1M.cpcl. and (lithium adj cobaltate US-PGPUB; {jOR ON 2019/03/07
"LiCo.2" lithium adj cobalt adj oxide) with USPAT; 10:21
(lithium adj titanate "LiTiO.sub.2") near2 USOCR;
(coating layer film) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB -
S24 {356 {HO1M.cpcl. and (lithium adj cobaltate US-PGPUB; {iOR ON 2019/03/07%
"LiCo.2" lithium adj cobalt adj oxide LiCoO2){{USPAT; 10:22
with (lithium adj titanate "LiTiO.sub.2" USOCR,;
LiTiO2) near2 (coating coat coated layer FPRS;
film) EPO; JPO;
DERWENT;
IBM_TDB
S26 {8 (WO-2014032405-$| JP-2004103566-$| JP-  §US-PGPUB; {OR ON 2019/03/07
2003007299-3%| JP-2003331846-$).did. USPAT; 10:26
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S25 {6 (WO-20014032405-$| JP-2004103566-$| JP- {US-PGPUB; {iOR ON 2019/03/07
2003007299-$| JP-2003331846-$).did. USPAT; 10:26
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB _ , ) ,
S27 4 (US-20030211391-$| US-20030082448- US-PGPUB; jjOR ON 2019/03/07
$).did. USPAT; 10:29
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB N
5§28 {35 {§HO1M.cpcl. and ((Li lithium) adj cobaltate US-PGPUB; {{OR ON 2019/03/07
"LiCo.2" (Li lithium) adj (Co cobalt) adj USPAT; 10:31
oxide LiCoO2) with ((Li lithium) adj titanate {JUSOCR;
"LiTiO.sub.2" LiTiO2) near2 (coating coat FPRS;
coated layer film) EPO; JPO;
DERWENT;
IBM_TDB
S31 {j122 {HO1M.cpcl. and ((Li lithium) adj cobaltate US-PGPUB; {OR ON 2019/03/07
"LiCo.2" (Li lithium) adj (Co cobalt) adj USPAT; 10:33
oxide LiCoO2) with ((Li lithium) adj titanate §USOCR,;
"LiTiO.sub.2" LiTiO2) with (shell coating FPRS;
coat coated layer film) EPO; JPO;
UDERWENT;
JIBM_TDB i _‘
S30 {i0 HO1M.cpcl. and ((Li lithium) adj cobaltate US-PGPUB; {{OR ON 2019/03/07
"LiCo.2" (Li lithium) adj (Co cobalt) adj USPAT; 10:33
oxide LiCoO2) same ((Li lithium) adj USOCR,;
titanate "LiTiO.sub.2" LiTiO2) near2 (shell {FPRS;
coating coat coated layer film) same ((Mg EPO; JPO;
magnesium) adj oxide MgO) near2 (shell DERWENT;
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\\\\\\\ [ §]coating‘ coat coated layer film) §EI‘BM_TDBW§ 5 ;

S29 [35 HO1M.cpcl. and ((Li lithium) adj cobaltate US-PGPUB; {{OR ON 2019/03/07
"LiCo.2" (Li lithium) adj (Co cobalt) adj USPAT; 10:33
oxide LiCoO2) with ((Li lithium) adj titanate §USOCR,;

"LiTiO.sub.2" LiTiO2) near2 (shell coating FPRS;
coat coated layer film) EPO; JPO;
DERWENT;
IBM_TDB .

S33 i HO1M.cpcl. and ((Li lithium) adj cobaltate US-PGPUB; {{OR ON 2019/03/07
"LiCo.2" (Li lithium) adj (Co cobalt) adj USPAT; 10:34
oxide LiCoO2) same ((Li lithium) adj USOCR;
titanate "LiTiO.sub.2" LiTiO2) with (shell FPRS;
coating coat coated layer film) same ((Mg EPO; JPO;
magnesium) adj oxide MgO) with (shell DERWENT;
coating coat coated layer film) IBM_TDB

S32 87  {S31 not S29 US-PGPUB; {OR ON 12019/03/07

USPAT; 10:34
USOCR;

FPRS;

EPO; JPO;

DERWENT;

IBM_TDB

S34 2 HO1M.cpcl. and (LCO (Li lithium) adj US-PGPUB; {jOR ON 2019/03/07
cobaltate "LiCo.2" (Li lithium) adj (Co USPAT; 10:35
cobalt) adj oxide LiCoO2) same (LTO (Li USOCR,;
lithium) adj titanate "LiTiO.sub.2" LiTiO2) FPRS;
with (shell coating coat coated layer film) EPO; JPO;
same ((Mg magnesium) adj oxide MgO) DERWENT;
with (shell coating coat coated layer film) IBM_TDB

S36 {117 {S35 not S29 US-PGPUB; {{OR ON 2019/03/07

USPAT; 10:37
USOCR;
FPRS;
EPO; JPO;
DERWENT;
4{IBM_TDB ]

835 {{152 {HO1M.cpcl. and (LCO (Li lithium) adj US-PGPUB; {OR ON 2019/03/07
cobaltate "LiCo.2" (Li lithium) adj (Co USPAT; 10:37
cobalt) adj oxide LiCoO2) with (LTO (Li USOCR,;
lithium) adj titanate "LiTiO.sub.2" LiTiO2) FPRS;
with (shell coating coat coated layer film) EPO; JPO;

DERWENT;
IBM_TDB
S37 {6 (JP-10333573-$|JP-10372470-$| JP- US-PGPUB; i{OR ON 2019/03/07
2987358-%| JP-2004227869-%).did. USPAT; 10:46

USOCR,;
FPRS;
EPO; JPO;
DERWENT;

““““ IBM_TDB

S38 {2 (JP-10236826-%).did. US-PGPUB; {{OR ON 2019/03/07
USPAT; 10:47
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S39 4 (JP-2002151078-$| JP-2005123111-$$).did. {US-PGPUB; {{OR ON 2019/03/07
USPAT; 10:50
USOCR,;
FPRS;
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EPO; JPO;
DERWENT;
{/BM_TDB ) . i

$40 {2 (US-20040229123-%).did. US-PGPUB; {{OR ON 2019/03/07;

USPAT; 10:52 N
USOCR;

FPRS;

EPO; JPO;

DERWENT;

IBM_TDB _

S41 f77 (US-20040229123-$ | US-20060105240-$ | {{US-PGPUB:{{OR ON 2019/03/07
US-20060105241-$ | US-20070298324-$ | {USPAT; 10:59
US-20080182170-% | US-20090081554-$ | jUSOCR,;

US-20100173197-$ | US-20110033749-$ | {FPRS;
US-20110037037-$ | US-20110287321-$ | {EPO; JPO;
US-20120273737-$ | US-20130244113-$ | ¥DERWENT;
US-20150194655-$).DID. (JP-08053776-$ | {iiBM_TDB

JP-08183605-% | JP-2000164214-$ | JP-

2000200605-% | JP-2004002066-$ | JP-

2007080680-$ | JP-2007103306-$ | JP-

2008103244-3 | JP-2008159543-$ | JP-

2011028999-$ | JP-2011181527-$ | JP-

2012030988-$ | JP-2012113823-$ | JP-

2013073707-$ | JP-2013114786-$ | JP-

2014096281-$ | JP-2014170656-$ | JP-

2018206747-$ | JP-2018508116-$ | KR-

20060085085-% | KR-20090086440-$ | WO-

2004070863-% | WO-2006114047-$ | WO-

2007004590-$ | WO-2009057722-$ | WO-
010090185-$ | WO-2013034821-$).DID.

543 {164  {S41 not (S35 S25 S37 S39 S40 S16 Si1 US-PGPUB; {OR ON 2019/03/07
$42) USPAT; 11:00

USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
iS42 {1 15/638449.app. JUS-PGPUB; JOR ON 2019/03/07
USPAT,; 11:00
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB .

S44 {17 (KR-20060085085-$| JP-2014096281-$| JP-  {{US-PGPUB; {OR ON 2019/03/07

2012113823-$| JP-2000200605-$).did. USPAT; 11:54
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
{/IBM_TDB ) ~ )
S45 i (KR-2006085085-$).did. US-PGPUB; {{OR ON 2019/03/07
USPAT; 11:55
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
A IBM_TDB

S47 (10 546 not (S41 S35 S25 S37 S39 $40 S16 S11 §US-PGPUB; {OR ON 2019/03/07

$42) USPAT; 12:11
USOCR;
FPRS;
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EPO; JPO;
DERWENT;
IBM_TDB .

S46 {10 (US-20070202411-% | US-20120021284-$ | {{US-PGPUB; {OR ON 2019/03/07
US-20120156565-$ | US-20160149215- USPAT,; 12:11
$).DID. (KR-20070082892-$ | KR- USOCR,;
20120069398-$).DID. FPRS;

EPO; JPO;
DERWENT;

““““ IBM_TDB } B )

S48 {4 (US-20140057173-$| US-20150017550- US-PGPUB; jjOR ON 2019/03/07i
$).did. USPAT; 12:20

USOCR;
FPRS:;
EPO; JPO;
DERWENT:;
IBM_TDB

S50 {15  {{S49 not (S46 136130 S25 S37 S39 S40 S16  {US-PGPUB: OR ON 2019/03/07

S11 542) USPAT; 12:24
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S49 17 (US-20030087155-$ | US-20160149215-$ | {US-PGPUB; {OR ON 2019/03/07
US-9343745-%).DID. (EP-3086389-$ | JP- USPAT; 12:24
2017216243-% | KR-20080045855-$ | KR- §USOCR;
20180064196-$ | WO-2015093725-$ | WO- {iFPRS;

2018038501-%).DID. EPO; JPQ;
DERWENT;
{IBM_TDB ! B )

S51 {2 US-20160372739-$.did. US-PGPUB; i{OR ON 2019/03/07:

USPAT; 12:30
USOCR,;

FPRS;

EPO; JPO;

DERWENT;

BM_TDB § oM {

S53 {146 {iS52 not (S49 S46 S41 S35 S25 S37 S39 S40 {US-PGPUB; {{OR ON 2019/03/07
S16 S11 S42) USPAT; 12:44

USOCR;
FPRS;
EPO; JPQO;
DERWENT;
IBM_TDB

iS52 1153 (US-20010053480-$ | US-20020071990-$ | {US-PGPUB; {OR ON 2019/03/07
US-20030082448-$ | US-20040005265-$ | {{USPAT; 12:44
US-20060154146-$ | US-20060166096-$ | {{USOCR;

US-20060239883-$% | US-20070048615-$ | {{FPRS;
US-20080131778-$ | US-20080160414-$ | {EPO; JPO;
US-20080318131-$ | US-20090068561-$ | YDERWENT;
US-20090087746-$ | US-20090220862-$ | jIBM_TDB
US-20080263707-$ | US-20100086853-% |
US-20100086854-$ | US-20100151332-$ |
US-20100255384-% | US-20110017528-$ |
US-20110052981-$ | US-20110052989-$ |
US-20110076556-$ | US-20110111298-$ |
US-20110136019-$ | US-20110236751-$ |
US-20110244331-$ | US-20120028105-$ |
US-20120056590-$ | US-20120070725-% |
US-20120105007-$ | US-20120107680-$ |
US-20120156565-$ | US-20120263987-% |
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US-20130043843-$ | US-20130202953-§ |
US-20130216701-$ | US-20130216900-$ |
US-20140027670-$ | US-20140050972-$ |
US-20140050993-$ | US-20140065464-§ |
US-20140131616-$ | US-20140178760-$ |
US-20140308572-$ | US-20150030927-$ |
US-20150030928-$ | US-20150037678-$ |
US-20150132651-$ | US-20150364748-$ |
US-5292601-$ | US-5705291-8).DID. (CN-
101894938-$ | CN-103354958-5 | CN-
103975466-$ | CN-104521040-$ | ON-
105378985-$ | EP-2814093-$ | EP-
2869369-$ | EP-3007253-$ | JP-
2008311132-§ | JP-2009016302-$ | JP-
2009206047-$ | JP-2011082150-$ | JP-
2014238957-§ | JP-2015529958-$ | JP-
2016041659-§ | JP-2016131156-$ | KR-
20070018293-$ | KR-20070097923-$ | KR-
20100059023-$ | KR-20120069398-$ | KR-
20120079801-$ | KR-20130080565-$ | WO-
2005048380-$ | WO-2007114557-$ | WO-
2010147179-$ | WO-2012093797-$ | WO-
2012093798-$ | WO-2013132663-$ | WO-
2014073833-$ | WO-2017047021-$).DID. _

S54

169

(US-20020071991-$ | US-20020076613-$ |
US-20030082448-$ | US-20050196674-$ |
US-20070224506-$ | US-20090200509-$ |
US-20100015516-$ | US-20110042609-$ |
US-20110042610-$ | US-20110059367-$ |
US-20110200880-$ | US-20110274965-$ |
US-20120003538-$ | US-20120027929-$ |
US-20120028118-$ | US-20120034503-$ |
US-20120156565-$ | US-20120258373- |
US-20130323596-$ | US-20140127582-$ |
US-20140154552-$ | US-20140154581-$ |
US-20140170494-$ | US-20140212745-$ |
US-20150171424-$ | US-20150228974-$ |
US-20150349339-$ | US-20160020487-$ |
US-20160056457-$ | US-20160172663-$ |
US-20160308202-$ | US-20170179481-$ |
US-20170263929-$ | US-20180062156-$ |
US-20180083278-$).DID. (CN-107251306-$
| EP-2940762-$ | EP-3419086-$ | FR-
2937185-$ | JP-08138670-$ | JP-09265984-
$ | JP-1116566-$ | JP-1167209-$ | JP-
2000231919-$ | JP-2001313034-$ | JP-
2002075367-$ | JP-2002124262-$ | JP-
2002164053-$ | JP-2002279991-$ | JP-
2003007299-$ | JP-2003017053-$ | JP-
2003217572-$ | JP-2003221234-$ | JP-
2004002066-$ | JP-2004014405-$ | JP-
2004175609-$ | JP-2005243301-$ | JP-
2005276454-$ | JP-2006073482-$ | JP-
2006173099-$ | JP-2006503789-$ | JP-
2007066839-$ | JP-2007258095-$ | JP-
2009146739-$ | JP-2009218198-$ | JP-
2010092706-$ | JP-2010118312-$ | JP-
2011003354-$ | JP-2011124118-$ | JP-
2011204661-$ | JP-2012018796-$ | JP-
2012028231-$ | JP-2012142154-$ | JP-
2013125732-$ | JP-2014082219-$ | JP-
2014120202-$ | JP-2017033641-$ | JP-
2018511911-$ | KR-100914406-$ | KR-
20160127887-$ | TW-201208183-$ | TW-

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/03/07
13:12
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201208184-$ | WO-2006018921-$ | WO-
2006054604-$ | WO-2009120008-$ | WO-
2010040950-% | WO-2014104466-$ | WO-
2014104467-$ | WO-2014128903-$ | WO-
2015102091-$ | WO-2016136211-$ | WO-
2016175426-$ | WO-2017138309-$).DID.
S55 {160 {{S54 not (S52 S49 S46 S41 S35 S25 S37 S39 ijUS-PGPUB; {{OR ON 2019/03/07
$40 S16 S11 42) USPAT; 13:13
USOCR,;
FPRS;
EPO; JPC;
DERWENT;
IBM_TDB
S56 (14 (JP-2017033641-$| JP-2007258095- %) .did. US-PGPUB; {{OR ON 2019/03/07
USPAT; 13:39
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S58 188 S57 not (S54 S52 S49 S46 S41 S35 S25 S37 {{US-PGPUB; {{OR ON 2019/03/07
S39 S40 S16 S11 S42) USPAT; 13:40
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S57 #108 §(US-20020071991-$ | US-20030087155-$ | {US-PGPUB;{{OR ON 2019/03/07
US-20080131778-$ | US-20090200509-$ | HUSPAT; 13:40
US-20090239146-$ | US-20100028768-% | HUSOCR;
US-20100181540-$ | US-20100301284-% | {{FPRS;
US-20110200883-$ | US-20120225357-$ | H{EPO; JPO;
US-20130029217-$ | US-20130059200-$ | {DERWENT;
US-20130078504-$ | US-20140065483-$ | {IBM_TDB
US-20140087257-$ | US-20140170492-$ |
US-20140212745-$ | US-20140295274-% |
US-20150194672-$ | US-20150214539-$ |
US-20150243983-$ | US-20160006032-% |
US-20160079597-$ | US-20170190595-% |
US-5677083-%).DID. (CN-102092798-$ |
CN-103715421-$ | CN-104078666-% | CN-
104704654-$% | CN-105185962-$ | CN-
106299347-$% | EP-2157639-% | EP-
2784846-% | GB-2506859-% | JP-0935715-$
| JP-2000164214-% | JP-2002231227-$ | JP-
2002279991-% | JP-2003221234-$ | JP-
2004014405-$ | JP-2005340056-$ | JP-
2006012426-% | JP-2006036545-$ | JP-
2008016232-$ | JP-2008016243-$ | JP-
2008041570-$ | JP-2009123465-$ | JP-
2010073354-% | JP-2010073366-$ | JP-
2010277929-% | JP-2011028976-% | JP-
2014523840-% | JP-2016062683-$ | KR-
20110010568-$ | KR-20140118264-$ | WO-
2011016553-$ | WO-2011059766-$% | WO-
2012170693-$).DID.
S59 (i6 (WO-2011016553-$| JP-2011028976-$| JP-  US-PGPUB; {iOR ON 2019/03/07
2008016243-$).did. USPAT; 14:01
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
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| JiBM_TDB \ :
S61 {42  §(US-20180013130-$ or US-20120258358-$ {{US-PGPUB; {{OR ON 2019/03/07
or US-20100233542-% or US-20110300441- {{USPAT; 14:02
$ or US-20140227606-$ or US- FPRS; JPO
20100173197-$ or US-20030211391-$ or
US-20030082448-$ or US-20160104880-%
or US-20040229123-$ or US-20110287321-
$ or US-20160149215-$ or US-
20030087155-% or US-20160372739-$ or
US-20080131778-$ or US-20160308202-$
or US-20160056457-$% or US-20110042610-
$ or US-20070224506-$ or US-
20020076613-$ or US-20020071991-$ or
US-20160079597-$ or US-20160006032-$
or US-20120225357-$ or US-20100301284-
$ or US-20100181540-%).did. or (US-
20120135315-% or US-20110020708-$).did.
or (US-8927148-%).did. or (WO-
2012005180-$ or WO-2014032405-$ or KR-
20060085085-$ or WO-2011016553-$).did.
or (JP-2004342554-$ or JP-2004103566-$
or JP-2003331846-$ or JP-2002151078-$ or
JP-2012113823-$ or JP-2010118312-$ or
JP-2009218198-$ or JP-2017033641-$ or
JP-2008016243-$).did.
S60 {4 (US-20120135315-$|US-20110020708- US-PGPUB; {{OR ON 2019/03/07
$).did. USPAT; 14:02
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
{{IBM_TDB
S62 16 S61 and rock adj salt US-PGPUB; {{OR ON 2019/03/07
USPAT; 14:03
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB | } B )
S64 {1 S62 and S63 US-PGPUB; {{OR ON 2019/03/07i
USPAT; 14:06
USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S63 i1 S61 and Fm3m US-PGPUB;{jOR ON 2019/03/07
USPAT; 14:06
USOCR,;
FPRS;
BPO; JPQ;
DERWENT;
\\\\\\\ IBM_TDB
S65 {0 S61 and (NaCl sodium adj chloride) near2 {§US-PGPUB;{{OR ON 2019/03/07
(crystal structure) USPAT; 14:10
USOCR,;
FPRS;
EPO; JPC;
DERWENT;
IBV_TDB , ,
S66 {2 S61 and (lithium adj cobaltate "LiCo.2" US-PGPUB; {|OR ON 2019/03/07
lithium adj cobalt adj oxide) and (lithium adj{{USPAT; 14:27
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titanate "LiTiO.sub.2") and (magnesium adj
oxide MgO)

USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S67

0

S61 and (lithium adj cobaltate "LiCo.2"
lithium adj cobalt adj oxide) and ((lithium
adj titanate "LiTiO.sub.2") (magnesium adj
oxide MgQO))

US-PGPUB;
USPAT;
USOCR;
FPRS
EPO; JPO;
DERWENT:

{Bv_TDB

OR

ON

2019/03/07
14:32

iS68

S61 and (lithium adj cobaltate "LiCo.2"
lithium adj cobalt adj oxide LCO) and (LTO
lithium adj titanate "LiTiO.sub.2") and
(magnesium adj oxide MgO)

US-PGPUB;
USPAT;
USOCR;
FPRS;

EPO; JPC;
DERWENT;

|BM_TDB

OR

ON

2019/03/07

14:33

69 not S68

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2019/03/07

14:34

S69

11

S61 and (LCO lithium adj cobaltate "LiCo.2"
lithium adj cobalt adj oxide) and ((LTO
lithium adj titanate "LiTiO.sub.2")
(magnesium adj oxide MgO))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPQ;
DERWENT;
IBM_TDB

OR

ON

2019/03/07
14:34

S71

S61 and (mismatch mis-match crystal$4
near2 align$4)

USPAT;
USOCR,;
FPRS;

EPO; JPO;
DERWENT;

§1BM_TDB

US-PGPUB; |

OR

ON

2019/03/07

15:15

S72
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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
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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 to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
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Docket No: 740756-004563

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Teruaki OCHIAI et al.
Application No. 15/638,449
Filed: June 30, 2017

For POSITIVE ELECTRODE ACTIVE
MATERIAL INCLUDING LITHIUM
COBALTATE COATED WITH LITHIUM
TITANATE AND MAGNESIUM OXIDE
(As Currently Amended)

Group Art Unit: 1725
Examiner: Sean P. Cullen

Confirmation No.: 1074

AMENDMENT

Mail Stop Amendment — Via EFS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Non-Final Office Action mailed March 14, 2019, please amend

the above-identified application and consider Applicant’s remarks as follows.

Amendments to the Specification begin on page 2 of this paper.
Amendments to the Drawings begin on page 3 of this paper and include attached

replacement sheets.
Amendments to the Claims begins on page 4 of this paper.

Remarks begin on page 8 of this paper.
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Amendment to Specification

Please amend the title of the application as follows:

--POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE —METHOD-FOR
MANUFACTURING—POSITFINVE—EEECTRODE—ACHVE— MATERIAL—AND
SECONDARY-BATTERY--

Amendments to the Specification:

The amendments to the specification are shown in the attached Substitute Specification
showing the changes in the specification relative to the previous version as per 37 C.F.R.

§ 1.125 and a clean version of the substitute specification.

Substitute Specification shows the amendments to paragraphs [0336], [0339], [0340], [0353],
[0367], [0402], [430], and [0615].

No new matter is introduced by the present amendment.
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Amendments to the Drawings:

The attached sheets of drawings include changes to Figures 12A-12D, 22A-22D,
23A-23B, 25C, 27A-27C and 54. These sheets, which include Figures 12A-12D, 22A-22D,
23A-23B, 25C, 27A-27C and 54, replace the original sheets including Figures 12A-12D,
22A-22D, 23A-23B, 25C, 27A-27C and 54. In addition, original FIGs. 37A-40E
accompanies this replacement sheet to replace the corresponding drawings on record, to show

the cleaner and legible drawings.

No new matter is introduced by the present amendment.

Attachment: Replacement Sheets
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Amendments to the Claims:

" The listing of claims will replace all prior versions, and listings, of claims in the application:

1. (Currently Amended) A positive electrode active material comprising:
a first region pesitioned-inside in the positive electrode active material; and
a second region-and-a-third-region-positioned in a-superfieial portion-of the positive

electrode active material, the second region surrounding the first region; and

a third region in the positive electrode active material, the third region surrounding the

second region,

wherein-the—third-regton-is—positioned-closerto—a—surface—of -the positive—eleetrode
aetivematerial-than-the-second-regionis;

wherein the first region comprises a first compound comprising an oxide of lithium
and a first transition metal,

wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure,

wherein the second region comprises a second compound comprising an oxide of a
second transition metal,

wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure,

wherein the second compound is a non-stoichiometric compound,

wherein the third region comprises a third compound comprising representative

elements at least one of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride,

and sodium fluoride, and

wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure.

2. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between the crystal structure of the first compound
and the crystal structure of the second compound is less than or equal to 0.12, and

wherein a degree of a mismatch between the crystal structure of the second compound

and the crystal structure of the third compound is less than or equal to 0.12.
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3. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between a (1-1-4) plane of the crystal structure of the
first compound or a plane orthogonal to the (1-1-4) plane and a {100} plane of the crystal
structure of the second compound is less than or equal to 0.12, and

wherein a degree of a mismatch between the {100} plane of the crystal structure of
the second compound and a {100} plane of the crystal structure of the third compound is less

than or equal to 0.12.

4. (Original) The positive electrode active material according to claim 1,

wherein the first compound is a polycrystal.

5. (Original) The positive electrode active material according to claim 4,
wherein an average crystallite size of the oxide of lithium and the first compound is

greater than or equal to 280 nm and less than or equal to 630 nm.

6. (Currently Amended) The positive electrode active material according to claim 1,
wherein the third compound essentially consists of the-representative-elernents the one

of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride, and sodium fluoride.

7. (Cancelled)

8. (Original) A secondary battery comprising:
a positive electrode comprising the positive electrode active material according to
claim 1; and

a negative electrode.

9. (Currently Amended) A positive electrode active material comprising:
a first region pesitiened-inside in the positive electrode active material; and
a second region-and-a-third-region-positioned in a-superficial-pertion-of the positive

electrode active material, the second region surrounding the first region; and

a third region in the positive electrode active material, the third region surrounding the

second region,
wheretn-the-third—regton—ts—peosttioned—closer—to—a—surface—of-the—positive—electrode

activematernial-than-the-second-region-is;
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wherein the first region comprises lithium cobaltate,

wherein the second region comprises lithium titanate, and

wherein the third region comprises magnesium oxide.

10. (Original) The positive electrode active material according to claim 9,
wherein a crystal orientation of a part of the lithium cobaltate of the first region and a
crystal orientation of a part of the lithium titanate of the second region are substantially

aligned with each other.

11. (Original) The positive electrode active material according to claim 9,
wherein a crystal orientation of a part of the lithium titanate of the second region and
a crystal orientation of a part of the magnesium oxide of the third region are substantially

aligned with each other.

12. (Original) The positive electrode active material according to claim 9,

wherein a degree of a mismatch between a crystal structure of the lithium cobaltate of
the first region and a crystal structure of the lithium titanate of the second region is less than
or equal to 0.12, and

wherein a degree of a mismatch between the crystal structure of the lithium titanate of
the second region and a crystal structure of the magnesium oxide of the third region is less

than or equal to 0.12.

13. (Currently Amended) A positive electrode active material particle comprising
lithium, titanium, cobalt, magnesium, oxygen, and fluorine,

wherein when a concentration of cobalt in a superficial portion of the positive
electrode active material particle measured—by—X-ray—photoelectron—speetroseopy is 1, a

concentration of titanium in a superficial portion of the positive electrode active material

particle is greater than or equal to 0.05 and less than or equal to 0.4, a concentration of

magnesium in the superficial portion of the positive electrode active material particle is

greater than or equal to 0.4 and less than or equal to 1.5, and a concentration of fluorine in the

superficial portion of the positive electrode active material particle is greater than or equal to

0.05 and less than or equal to 1.5.
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14. (Currently Amended) The positive electrode active material particle according to
claim 13, further comprising;:
a first region pesitioned-inside in the positive electrode active material particle; and
a second region and-a-third-region-poesitioned in the-superficial-portion-of the positive

electrode active material particle, the second region surrounding the first region; and

a third region in the positive electrode active material, the third region surrounding the

second region,

wherein—the-third—region—is—pesitioned—closer-to—a-surface-of-the-pesitive-electrode

active-matertal-particle-than-the-second-region-is;
wherein the first region comprises a first compound comprising lithium and cobalt,
wherein the second region comprises a second compound comprising titanium,
wherein the second compound is a non-stoichiometric compound, and
wherein the third region comprises a third compound comprising magnesium and

fluorine.

15. (Original) The positive electrode active material particle according to claim 14,

wherein a type of a crystal structure of the first compound is a layered rock-salt
crystal structure,

wherein a type of a crystal structure of the second compound is a rock-salt crystal
structure, and

wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure.

16. (Original) A secondary battery comprising:
a positive electrode comprising the positive electrode active material particle
according to claim 13; and

a negative electrode.

17-22. (Canceled)
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REMARKS
The Non-Final Office Action mailed March 14, 2019 was received and its contents

carefully noted. This response is filed within three months of the mailing date of the Office
Action and therefore is believed to be timely without extension of time. Accordingly,
Applicant respectfully submits that this response is being timely filed.

Status of Claims:

Claims 1-16 were pending in the present application, of which claims 1, 9 and 13 are
independent.

By this amendment, claims 1, 6, 9, 13 and 14 are amended and claim 7 is canceled.

For the reasons set forth in detail below, all claims are believed to be in condition for
allowance. Favorable reconsideration is requested.

Claim Amendments

Claim 1 and 9 are amended to recite that the positive electrode active material as
“comprising: a first region in the positive electrode active material; a second region in the
positive electrode active material, the second region surrounding the first region; and a third
region in the positive electrode active material, the third region surrounding the second
region.” Claim 14 is similarly amended. These are clarifying amends which are supported in
the as filed specification, for example in paragraph [0054] and FIG 1A.

Claim 1 and 6 are amended to recite “wherein the third region comprises a third
compound comprising at least one of magnesium oxide, calcium oxide, beryllium oxide,
lithium fluoride, and sodium fluoride.” Support for this amendment can be found in the as
filed specification, for example in paragraph [0083].

Claim 13 is amended to clarify “a concentration of titanium in a superficial portion of

the positive electrode active material particle is greater than or equal to 0.05 and less than or

equal to 0.4, a concentration of magnesium in the superficial portion of the positive electrode

active material particle is greater than or equal to 0.4 and less than or equal to 1.5, and a

concentration of fluorine in the superficial portion of the positive electrode active material

particle is greater than or equal to 0.05 and less than or equal to 1.5.” Claim 13 is also

amended by deletion of the recitation of “measured by X-ray photoelectron spectroscopy.”
Objection to the Drawings

The drawings are objected to as allegedly failing to comply with 37 CFR 1.84(p)(4)
because:
A. Reference character 8101 has been used to designate both a housing of a

lighting device (e.g., Fig. 26) and a headlight (e.g., Fig. 27A). Examiner

4816-2770-2169.1

AMPEREX Ex. 1002

Page 879



Docket No: 740756-004563

Application No. 15/638,449

Page 9

proposes reference character 8401 should be used to designate a headlight in
Fig. 27A.

B. Reference character 615 has been used to designate both a module (e.g., Figs.
12C and 12D) and a temperature control device (e.g., Fig. 12D). Examiner
proposes reference character 617 should be used to designate a temperature
control device in Fig. 12D.

C. Reference character 9634 does not have a lead line or are not underlined. Lead
lines are required for each reference character except for those which indicate
the surface or cross section on which they are placed. Examiner proposes such
a reference character must be underlined to make it clear that a lead line has
not been left out by mistake.

D. Figs. 37A-40E2 do not have satisfactory reproduction characteristics.

The drawings are also objected to as failing to comply with 37 CFR 1.84(p)(5)
because they do not include the following reference sign(s) mentioned in the description: 617,
11a, 11b, 12a, 12b, 14, 15a, 15b, 17, 50, 51, 61, 62, 71, 72, 73, 9631b, 9638, 9639, and
8401.

Regarding the §1.84(p)(4) objection, Items A, B, and C above, Applicant amends the
drawings as proposed by the Examiner and shown in the Replacement Sheets. Regarding D
above, the Figs. 37A-40E2 as filed on June 30, 2017 are being re-printed and hand delivered
to the Office. These figures are of high resolution and sharpness but appear to lose some
resolution during uploading at filing via EFS. Applicant submits that, although the as filed
figures are of sufficient quality for understanding of the application, the hand delivered
figures are of higher quality and suggests the Office may be able to scan these into their
system with a higher resolution than the Applicant representative can.

Regarding the §1.84(p)(5) objection, Applicant amends the figures as reflected in the
Replacement Sheets to address this objection.

For these reasons Applicant submits the Objection to the drawings should be
withdrawn. '

Objection to the Specification

The Examiner objects to the specification for various reasons enumerated on
pages 7-14 of the Office Action. The Examiner also objected to the title.

In response, Applicant made amendments to the claims and specification consistent

with the Examiner’s request, shown in the instant response and in the Substitute specification,
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and provided also as a clean replacement specification. The title has also been amended using
the wording suggested by the Examiner.

For these reasons Applicant submits the Objection to the specification should be
withdrawn.

Claim Rejections —35 USC § 112

Claims 1-16 stand rejected under AIA 35 U.S.C. 112(b), as allegedly being indefinite
for failing to particularly point out and distinctly claim the subject matter which the inventor
or a joint inventor, or for pre-AlA the applicant regards as the invention. Applicant traverses
this rejection.

Regarding claim 1, 9 the Examiner on page 15 states that “the configuration of the
positive electrode active material is unclear.” Regarding claim 9 the Examiner also believes
“the limitation "representative elements" is unclear.” With respect to claim 13 the Examiner
views the recitations of a concentration of titanium, magnesium, and fluorine as unclear,
where it is not clear if these are in a superficial portion of the positive electrode active
material and measured by X-ray photoelectron spectroscopy. Regarding claim 14 the
Examiner believes the configuration of the positive electrode active material is unclear.

Without acquiescing to this rejection and desirous to expedite the prosecution of this
application, the base claims 1, 9 and 14 are amended. The amendment to claim 1 and 9
clarifies the configuration of the positive electrode active material as “comprising: a first
region in the positive electrode active material; a second region in the positive electrode
active material, the second region surrounding the first region; and a third region in the
positive electrode active material, the third region surrounding the second region.” Similar
clarifying language is used to amend claim 14. Claim 1 is also amended by deletion of the
term “representative elements.” Claim 13 is amended to specify “a concentration of titanium

in a superficial portion of the positive electrode active material particle is greater than or

equal to 0.05 and less than or equal to 0.4, a concentration of magnesium in the superficial

portion of the positive electrode active material particle is greater than or equal to 0.4 and less

than or equal to 1.5, and a concentration of fluorine in the superficial portion of the positive

electrode active material particle is greater than or equal to 0.05 and less than or equal to

1.5.” Claim 13 is also amended by deletion of the recitation of “measured by X-ray
photoelectron spectroscopy.”
For at least these reasons, the § 112 rejection of the base claims 1, 9 and 13 should be

withdrawn, and the rejection of claim 14 should be withdrawn. The rejection of dependent
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claims 2-8, 10—12 and 14-16 by virtue of their dependence on one of the base claims should

also be withdrawn.

Claim Rejections Under 35 U.S.C. § 102

Claims 1, 4, 6-8, and 13-16 stand rejected under AIA 35 U.S.C. 102(a)(1) as allegedly
being anticipated by Ooyama et al. (US 2007/0224506 Al, hereinafter Ooyama). Applicant
traverses this rejection.

As stated in the MPEP. § 2131 “A claim is anticipated only if each and every element
as set forth in the claim is found, either expressly or inherently described, in a single prior art
reference.” Ooyama does not disclose each and every element of the base claims and
therefore cannot support this § 102 rejection. For example, Ooyama describes “a cathode
active material”, while the instant claims recite “positive electrode active material”, not only
in the preamble but throughout the body of the claims. Applicant submits that the cathode
active material in Ooyama is not the same as a positive electrode active material of the instant
invention.

In addition, Ooyama does not teach other elements as recited in claim 1. Specifically,
[0022] of Ooyama does not teach “a type of a crystal structure of the first compound”’; [0035]
and [0036] of Ooyama does not teach “a type of a crystal structure of the second compound”;
and [0030] of Ooyama does not teach “the third region comprises a third compound
comprising representative elements at least one of magnesium oxide, calcium oxide,
beryllium oxide, lithium fluoride, and sodium fluoride” or * a type of a crystal structure of the
third compound”.

Nor does Ooyama teach other elements as recited in claim 13. Claim 13 clearly recites
the feature of ““a superficial portion of the positive electrode active material particle”, which
Applicant notes may correspond to “a surface layer” in Ooyama. However, [0022], [0028],
[0035], or [0029] is not related to “the surface layer”. Ooyama [0022] also does not teach the
element “polycrystal” as recited in the instant claim 4.

For at least these reasons, this §102 rejection of base claims 1 and 13 should be
withdrawn. The rejection of claim 4 should be withdrawn for the reason stated above. The
rejection of claims 4, 6-8, and 14-16 should also be withdrawn at least by virtue of their

dependence on claim 1 or 13.
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Docket No: 740756-004563
Application No. 15/638,449
Page 12
Claim Rejections Under 35 U.S.C. §103

Claims 2 and 3 stand rejected under AIA 35 U.S.C. 103 as allegedly being
unpatentable over Ooyama as applied to claim 1 above, and further in view of Yura et al. (US
2012/0258358 Al, hereinafter Yura).

Claim 5 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable over
Ooyama as applied to claim 1 above, and further in view of Endo et al. (US 2010/0233542
Al, hereinafter Endo).

Claim 9 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable over
Ooyama in view of Takahashi et al. (US 2004/0229123 Al, hereinafter Takahashi).

Claims 10-12 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable
over Ooyama in view of Takahashi as applied to claim 9 above, and further in view of Yura.

Applicant traverses these §103 rejections for the following reasons.

Applicant submits that no combination of Yura, Endo, Takahashi and Ooyama
renders claims 2, 3, 5, 9—12 obvious. None of these references corrects the deficiencies
identified above by supplying or rendering obvious the missing elements and to support
prima facia obviousness.

For at least these reasons, this rejection §103 rejection of claims 2, 3, 5, 9—12 should
be withdrawn.

CONCLUSION

In view of the foregoing, Applicant respectfully requests allowance of the instant
application. If a conference would be helpful in expediting prosecution of the instant
application, the Examiner is invited to telephone the undersigned to arrange such a

conference.

4816-2770-2169.1

AMPEREX Ex. 1002

Page 883



Docket No: 740756-004563
Application No. 15/638,449
Page 13
Except for issue fees payable under 37 C.F.R. § 1.18, the Commissioner is hereby
authorized by this paper to charge any additional fees during the entire pendency of this
application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,
including any required extension of time fees, or credit any overpayment to Deposit Account
No. 19-2380.
Respectfully submitted,
[Jeffrey L. Costellia, Reg. No. 35,483/

Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY LLP
CUSTOMER NO.: 22204

799 9th Street, N.W., Suite 500
Washington, DC 20001-4501
Tel: 202-585-8000
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DESCRIPTION

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUD THIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE-METHOD FOR-
MANUFACTERING-POSITIVE EEECTRODEACTIVE-MATERIAL AND-
SECONDARY-BAFTTERY

TECHNICAL FIELD
[0001]

One embodiment of the present invention relates to an object, a method, or a
manufacturing method. The present invention relates to a process, a machine, manufacture, or a
composition of matter. One embodiment of the present invention relates to a semiconductor
device, a display device, a light-emitting device, a power storage device, a lighting device, an
electronic device, or a manufacturing method thereof. In particular, one embodiment of the
present invention relates to a positive electrode active material that can be used in a secondary
battery, a secondary battery, and an electronic device including a secondary battery.

[0002]

In this specification, the power storage device is a collective term describing elements
and devices having a power storage function. For example, a storage battery such as a lithium-
ion secondary battery (also referred to as secondary battery), a lithium-ion capacitor, and an
electric double layer capacitor are included in the category of the power storage device.

[0003]

Note that electronic devices in this specification mean all devices including power storage

devices, and electro-optical devices including power storage devices, information terminal devices

including power storage devices, and the like are all electronic devices.

BACKGROUND ART
[0004]

In recent years, a variety of power storage devices such as lithium-ion secondary batteries,
lithium-ion capacitors, and air batteries have been actively developed. In particular, demand for
lithium-ion secondary batteries with high output and high energy density has rapidly grown with
the development of the semiconductor industry, for portable information terminals such as mobile
phones, smartphones, tablets, and laptop computers; portable music players; digital cameras;
medical equipment; next-generation clean energy vehicles such as hybrid electric vehicles (HEV),
electric vehicles (EV), and plug-in hybrid electric vehicles (PHEV); and the like. The lithium-
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ion secondary batteries are essential as rechargeable energy supply sources for today’s information
society.
[0005]

The performance required for lithium-ion secondary batteries includes increased energy
density, improved cycle performance, séfe operation under a variety of environments, and longer-
term reliability.

[0006]

Thus, improvement of a positive electrode active material has been studied to increase the
cycle performance and the capacity of the lithium ion secondary battery (Patent Document 1 and
Patent Document 2).

[Reference]

[Patent Documents]

[0007]

[Patent Document 1] Japanese Published Patent Application No. 2012-018914
[Patent Document 2] Japanese Published Patent Application No. 2015-201432

DISCLOSURE OF INVENTION
[0008]

Development of lithium ion secondary batteries and positive electrode active materials
used therein is susceptible to improvement in terms of charge and discharge characteristics, cycle
characteristics, reliability, safety, cost, and the like.

{0009]

An object of one embodiment of the present invention is to provide a positive electrode
active material which suppresses a reduction in capacity due to charge and discharge cycles when
used in a lithium ion secondary battery. Another object of one embodiment of the present
invention is to provide a high-capacity secondary battery. ~Another object of one embodiment of
the present invention is to provide a secondary battery with excellent charge and discharge
characteristics. Another object of one embodiment of the present invention is to provide a highly
safe or highly reliable secondary battery.

[0010]

Another object of one embodiment of the present invention is to provide a novel material,
a novel active material particle, a novel secondary battery, or a formation method thereof.

[0011]

Note that the descriptions of these objects do not disturb the existence of other objects.
In one embodiment of the present invention, there is no need to achieve all the objects. Other
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objects can be derived from the description of the specification, the drawings, and the claims.
(0012]

To achieve the above objects, in one embodiment of the present invention, two kinds of
regions which are different from a region inside the positive electrode active material are provided
in a superficial portion of the positive electrode active material. It is preferable that the inner
region contain a non-stoichiometric compound and the outer region contain a stoichiometric
compound.

[0013]

In addition, it is preferable that the inner region contain titanium and the outer region
contain magnesium. Furthermore, these two kinds of regions may overlap.
[0014]

In addition, it is preferable that the inner region be formed through a coating process such
as a sol-gel method and the outer region be formed by segregation due to heating.
[0015]

One embodiment of the present invention is a positive electrode active material including
a first region, a second region, and a third region. The first region is present inside the positive
electrode active material. The second region and the third region are present in a superficial
portion of the positive electrode active material. The third region is present in a region closer to
a surface of the positive electrode active material than the second region is. The first region
contains an oxide of lithium and a first transition metal and has a layered rock-salt crystal structure.
The second region contains a non-stoichiometric compound containing an oxide of a second
transition metal and the non-stoichiometric compound has a rock-salt crystal structure. The third
region contains a compound of representative elements and the compound of representative
elements has a rock-salt crystal structure.

[0016]

In the above structure, it is preferable that the first transition metal be cobalt, the second
transition metal be titanium, and the compound of representative elements be magnesium oxide.
[0017]

In the above structure, the third region may contain fluorine. Furthermore, the second
region and the third region may each contain cobalt.

[0018]

In the above structure, it is preferable that crystal orientations of the first region and the
second region be partly aligned with each other and crystal orientations of the second region and
the third region be partly aligned with each other.

[0019]
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In the above structure, a degree of a mismatch between a (1-1—4) plane of the layered
rock-salt crystal structure in the first region or a plane orthogonal to the (1-1-4) plane and a {100}
plane of the rock-salt crystal structure in the second region is preferably less than or equal to 0.12,
and a degree of a mismatch between the {100} plane of the rock-salt crystal structure in the second
region and a {100} plane of the rock-salt crystal structure in the third region is preferably less than
or equal to 0.12.

[0020]

Another embodiment of the present invention is a positive electrode active material
containing lithium, titanium, cobalt, magnesium, oxygen, and fluorine. When the concentration
of cobalt which is present in a superficial portion of the positive electrode active material and is
measured by X-ray photoelectron spectroscopy is 1, the concentration of titanium is greater than
or equal to 0.05 and less than or equal to 0.4, the concentration of magnesium is greater than or
equal to 0.4 and less than or equal to 1.5, and the concentration of fluorine is greater than or equal
to 0.05 and less than or equal to 1.5.

[0021]

Another embodiment of the present invention is a method for forming a positive electrode
active material including: a step of mixing a source of lithium, a source of cobalt, a source of
magnesium, and a source of fluorine; a step of heating the mixture of the source of lithium, the
source of cobalt, the source of magnesium, and the source of fluorine at 800 °C or higher and 1100
°C or lower for 2 hours or longer and 20 hours or shorter to obtain particles containing lithium,
cobalt, magnesium, oxygen, and fluorine; a step of dissolving titanium alkoxide into alcohol; a
step of mixing the particles containing lithium, cobalt, magnesium, oxygen, and fluorine into the
alcohol solution of the titanium alkoxide and stirring the mixed solution in an atmosphere
containing water vapor; a step of collecting precipitate from the mixed solution; and a step of
heating the collected precipitate at SO0°C or higher and 1200 °C or lower in an atmosphere
containing oxygen under a condition where a retention time is 50 hours or shorter.

[0022]

In the above formation method, a ratio of the number of atoms of lithium in the source of
lithium to the number of atoms of cobalt in the source of cobalt is preferably greater than or equal
to 1.00 and less than 1.07. '

[0023]

In the above formation method, a ratio between the number of atoms of magnesium in the
source of magnesium and the number of atoms of fluorine in the source of fluorine is preferably
Mg:F =1:x (1.5 <x <4).

[0024]
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In the above formation method, the number of atoms of magnesium in the source of
magnesium is preferably greater than or equal to 0.5 atomic% and less than or equal to 1.5 atomic%
of the number of atoms of cobalt in the source of cobalt.

[0025]

In the above formation method, lithium carbonate, cobalt oxide, magnesium oxide, and
lithium fluoride can be used as a source of lithium, a source of cobalt, a source of magnesium, and
a source of fluorine, respectively.

[0026]

When the surface of the positive electrode active material is covered with a coating film
to protect the above crystal structure, a decrease in capacity due to charge and discharge cycles
can be suppressed. As the coating film covering the surface of the positive electrode active
material, a coating film containing carbon (a film containing a graphene compound) or a coating
film containing lithium or a decomposition product of an electrolyte solution is used.

[0027]

In particular, powder in which the surface of the positive electrode active material is
coated with graphene oxide using a spray dry apparatus is preferably obtained. The spray dry
apparatus is a manufacturing apparatus using a spray dry method by which a dispersion medium
is removed by supplying a hot wind to a suspension.

[0028]

When charge and discharge cycles are repeated, deformation of the particles of the
positive electrode active materials, such as cracking or breaking, might occur. It is said that such
deformation makes a new surface of the positive electrode active material exposed, and the surface
is in contact with an electrolyte solution to cause a decomposition reaction or the like, so that the
cycle characteristics and the charge and discharge characteristics of the secondary battery are
degraded.

(0029]

Thus, a coating film is preferably provided to prevent the deformation of the particles of
the positive electrode active materials, such as cracking or breaking.
(0030]

However, when suspension is formed and stirred by a rotary and revolutionary mixer to
coat the surface of the positive electrode active material whose weight per unit volume is large
with graphene oxide whose weight is relatively small, coating is insufficient.

(0031]

Thus, to coat the surfaces of the particles of the positive electrode active materials with

the graphene oxide, a method in which the graphene oxide and a polar solvent (such as water) are
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mixed and ultrasonic treatment is performed, the particles of the positive electrode active materials
are mixed therein to prepare the suspension, and dried powder is produced with a spray dry
apparatus is preferably used. The dried powder produced in this manner is referred to as a
composite in some cases.

[0032]

The size of one drop of spray liquid sprayed from a nozzle of the spray dry apparatus
depends on a nozzle diameter.
[0033]

When the particle diameter is smaller than the nozzle diameter, there are a plurality of
particles in one drop of the spray liquid sprayed from the nozzle. When the surface of the particle
after drying under the condition where the largest particle size is smaller than the nozzle diameter
is observed, there are some portions where the surface is coated with the graphene oxide; however,
the coating is insufficient.

[0034]

The nozzle diameter of the spray dry apparatus is preferably substantially equal to the
largest particle size of the active material because the coverage of the active material can be
improved. Moreover, the largest particle size of the positive electrode active material is
preferably adjusted to be substantially equal to the nozzle diameter in forming the positive
electrode active material.

[0035]

Since the graphene oxide is well dispersed into water, the suspension of water and the
graphene oxide can be formed by stirring using ultrasonic waves. The positive electrode active
material is added to the suspension, and the suspension is sprayed with the spray dry apparatus,
whereby powder in which the surface of the positive electrode active material is coated with the
graphene oxide can be obtained.

[0036]

Note that the suspension becomes more acidic as the amount of graphene oxide is
increased. Thus, part of the surface of the positive electrode active material (e.g., LiCoO2
containing Mg and F) might be etched. Then, a hydrogen ion exponent (pH) of the suspension
before being sprayed is preferably adjusted to be close to approximately pH7, that is, close to
neutral, or higher than or equal to pHS, that is, alkaline. For the pH adjustment, a LIOH aqueous
solution is preferably used. For example, in the case where LiCoO: is used for the positive
electrode active material and only pure water is used as the dispersion medium of the suspension,
the surface of the positive electrode active material may be damaged. Thus, a mixed solution of
ethanol and water is used as the dispersion medium of the suspension, whereby damage to the
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surface of the active material may be reduced.
[0037]

The suspension is formed in the above manner, whereby the positive electrode active
material whose surface is coated with the graphene oxide can be prepared efficiently. When the
surface is coated with the graphene oxide, the deformation of the particles of the positive electrode
active materials, such as cracking or breaking can be prevented. Moreover, even if the positive
electrode active material whose surface is coated with the graphene oxide is exposed to the air
after the formation, the change of properties or degradation can be suppressed. Here, "after the
formation" refers to a period from the termination of the formation of the positive electrode active
material to the start of the fabrication of the secondary battery containing the positive electrode
active material and includes the storing, the transporting, and the likg of the positive electrode
active material. In addition, when the coating film is formed, the positive electrode active
material and the electrolyte solution can be prevented from being in direct contact with each other
to react; thus, the secondary battery using the coating film has high reliability.

[0038]

For the spray dry method, a known apparatus can be utilized, for example, a
countercurrent pressure-nozzle-type spray dry apparatus and a counter-cocurrent pressure-nozzle-
type spray dry apparatus can be utilized.

[0039]

Note that the graphene oxide coating the surface of the active material may be reduced
when used in the secondary battery. The reduced graphene oxide is referred to as "RGO" in some
cases. In RGO, in some cases, part of oxygen atoms remains in a state of oxygen or atomic group
containing oxygen that is bonded to carbon. For example, RGO includes a functional group, e.g.,
an epoxy group, a carbonyl group such as a carboxyl group, or a hydroxyl group.

[0040]

Another embodiment of the present invention is a secondary battery which includes a
positive electrode containing the above-described positive electrode active material or the above-
described positive electrode active material coated with a coating film and a negative electrode.
[0041]

The secondary battery can have any of a variety of shapes to fit the form of the device to
be used, for example, a cylindrical shape, a rectangular shape, a coin-type shape, and a laminated
(flat plate) shape.

[0042]

According to one embodiment of the present invention, a positive electrode active

material which suppresses a reduction in capacity due to charge and discharge cycles when used
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in a lithium ion secondary battery is provided. In addition, a secondary battery with excellent
charge and discharge characteristics is provided. In addition, a highly safe or highly reliable
secondary battery is provided. In addition, a novel material, a novel active material particle, a

novel secondary battery, or a formation method thereof is provided.

BRIEF DESCRIPTION OF DRAWINGS
[0043]

In the accompanying drawings:

FIGS. 1A to 1C show examples of a positive electrode active material;

FIGS. 2A and 2B illustrate crystal structures of a positive electrode active material;

FIG. 3 illustrates crystal structures of a positive electrode active material;

FIGS. 4A-1, 4A-2,4A-3, 4B, 4C, 4D-1, and 4D-2 show a sol-gel method,;

FIGS. 5A to 5C illustrate a segregation model of elements contained in a positive
electrode active material;

FIGS. 6A to 6D illustrate a segregation model of elements contained in a positive
electrode active material;

FIGS. 7A and 7B are cross-sectional views of an active material layer containing a
graphene compound as a conductive additive;

FIGS. 8A to 8C illustrate a method for charging a secondary battery;

FIGS. 9A to 9D illustrate a method for charging a secondary battery;

FIG. 10 illustrates a method for discharging a secondary battery;

FIGS. 11A to 11C illustrate a coin-type secondary battery;

FIGS. 12A to 12D illustrate a cylindrical secondary battery;

FIGS. 13A and 13B illustrate an example of a secondary battery;

FIGS. 14A-1, 14A-2, 14B-1, and 14B-2 illustrate examples of secondary batteries;

FIGS. 15A and 15B illustrate examples of secondary batteries;

FIG. 16 illustrates an example of a secondary battery;

FIGS. 17A to 17C illustrate a laminated secondary battery;

FIGS. 18A and 18B illustrate a laminated secondary battery;

FIG. 19 is an external view of a secondary battery;

FIG. 20 is an external view of a secondary battery;

FIGS. 21A to 21C illustrate a formation method of a secondary battery;

FIGS. 22A, 22B1, 22B2, 22C, and 22D illustrate a bendable secondary battery;

FIGS. 23 A and 23B illustrate a bendable secondary battery;

FIGS. 24A to 24H illustrate examples of electronic devices;
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FIGS. 25A to 25C illustrate an example of an electronic device;

FIG. 26 illustrates examples of electronic devices;

FIGS. 27A to 27C illustrate examples of electronic devices;

FIG. 28 is a transmission electron microscope image of a positive electrode active
material in Example 1;

FIGS. 29A1, 29A2, 29B1, 29B2, 29Cl1, and 29C2 are FFT images of transmission
electron microscope images of a positive electrode active material in Example 1;

FIGS. 30A1, 30A2, 30Bl1, 30B2, 30Cl, and 30C2 are element mapping images of a
positive electrode active material in Example 1;

FIGS. 31A1, 31A2, 31B1, 31B2, 31Cl1, and 31C2 are element mapping images of a
positive electrode active material of a comparative example in Example 1;

FIG. 32 is a graph showing TEM-EDX line analysis results of a positive electrode active
material in Example 1;

FIG. 33 is a graph showing charge and discharge characteristics of a secondary battery in
Example 1;

FIG. 34 is a graph showing charge and discharge characteristics of a secondary battery of
a comparative example in Example 1;

FIG. 35 is a graph showing cycle chéracteristics of a secondary battery in Example 1;

FIG. 36 is a graph showing cycle characteristics of a secondary battery in Example 1;

FIGS. 37A, 37B1, 37B2, 37C1, 37C2, 37D1, 37D2, 37E1, and 37E2 are TEM-EDX plane
analysis images of a comparative example in Example 2;

FIGS. 38A, 38B1,38B2, 38C1, 38C2, 38D1, 38D2, 38E1, and 38E2 are TEM-EDX plane
analysis images of a positive electrode active material in Example 2;

FIGS. 39A, 39B1, 39B2, 39Cl, 39C2, 39D1, 39D2, 39E1, and 39E2 are TEM-EDX plane
analysis images of a comparative example in Example 2;

FIGS. 40A, 40B1, 40B2, 40Cl, 40C2, 40D1, 40D2, 40E1, and 40E2 are TEM-EDX plane
analysis images of a positive electrode active material in Example 2;

FIGS. 41 A and 41B are each a graph showing EDX point analysis results in Example 2;

FIGS. 42 A and 42B are each a graph showing EDX point analysis results in Example 2;

FIG. 43 is a graph showing rate characteristics of a secondary battery in Example 2;

FIG. 44 is a graph showing temperature characteristics of a secondary battery in Example

FIG. 45 is a graph showing cycle characteristics of a secondary battery in Example 2;
FIGS. 46A and 46B are each a graph showing XPS analysis results of a positive electrode
active material in Example 3;
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FIGS. 47A and 47B are each a graph showing cycle characteristics of a secondary battery
containing a positive electrode active material in Example 3;

FIG. 48 is a graph showing cycle characteristics of a secondary battery containing a
positive electrode active material in Example 3;

FIG. 49 is a graph showing cycle characteristics of a secondary battery containing a
positive electrode active material in Example 3;

FIGS. 50A to 50C are each a graph showing charge and discharge characteristics of a
secondary battery containing a positive electrode active material in Example 3;

FIGS. 51 Ato 51C are SEM images of a positive electrode active material in Example 4;

FIGS. 52A-1, 52A-2, 52B-1, 52B-2, 52C-1, and 52C-2 are SEM-EDX images of a
positive electrode active material in Example 4;

FIG. 53 is a process flow chart of Example 5;

FIG. 54 illustrates a spray dry apparatus in Example 5;

FIG. 55 is a TEM image showing one embodiment of the present invention in Example

FIG. 56 is a SEM image showing one embodiment of the present invention in Example

FIG. 57 is a SEM image showing a comparative example in Example 5; and
FIGS. 58A and 58B are cross-sectional views of an active material layer containing a

graphene compound as a conductive additive in Example 5.

BEST MODE FOR CARRYING OUT THE INVENTION
[0044]

Embodiments of the present invention will be described below in detail with reference to
the drawings. Note that the present invention is not limited to the description below, and it is
easily understood by those skilled in the art that modes and details of the present invention can be
modified in various ways. In addition, the present invention should not be construed as being
limited to the description in the embodiments given below.

[0045]

Note that in drawings used in this specification, the sizes, thicknesses, and the like of
components such as a positive electrode, a negative electrode, an active material layer, a separator,
and an exterior body are exaggerated for simplicity in some cases. Therefore, the sizes of the
components are not limited to the sizes in the drawings and relative sizes between the components.
[0046]

Note that in structures of the present invention described in this specification and the like,
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the same portions or portions having similar functions are denoted by common reference numerals
in different drawings, and descriptions thereof are not repeated. Further, the same hatching
pattern is applied to portions having similar functions, and the portions are not especially denoted
by reference numerals in some cases.

[0047]

In this specification and the like, the Miller index is used for the expression of crystal
planes and orientations. In the crystallography, a superscript bar is placed over a number in the
expression using the Miller index; however, in this specification and the like, crystal planes and
orientations are expressed by placing a minus sign (—) at the front of a number instead of placing
the bar over a number because of expression limitations. Furthermore, an individual direction
which shows an orientation in crystal is denoted by "[ ]", a set direction which shows all of the
equivalent orientations is denoted by "< >", an individual direction which shows a crystal plane is
denoted by "()", and a set plane having equivalent symmetry is denoted by "{ }". In the drawings,
the crystal planes and orientations are expressed by a number with a bar placed thereover, which
is an original crystallographic expression. Note that 1 A is 101 m.

[0048]

In this specification and the like, segregation refers to a phenomenon in which, in a solid
made of a plurality of elements (e.g., A, B, and C), a certain element (for example, B) is non-
uniformly distributed.

[0049]

In this specification and the like, a layered rock-salt crystal structure included in a
composite oxide containing lithium and a transition metal refers to a crystal structure in which a
rock-salt ion arrangement where cations and anions are alternately arranged is included and the
lithium and the transition metal are regularly arranged to form a two-dimensional plane, so that
lithium can be two-dimensionally diffused. Note that a defect such as a cation or anion vacancy
can exist. In the layered rock-salt crystal structure, strictly, a lattice of a rock-salt crystal is
distorted in some cases.

[0050]

In this specification and the like, a rock-salt crystal structure refers to a structure in which
cations and anions are alternately arranged. Note that a cation or anion vacancy may exist.
[0051] _

Anions of a layered rock-salt crystal and anions of a rock-salt crystal each form a cubic
closest packed structure (face-centered cubic lattice structure). When a layered rock-salt crystal
and a rock-salt crystal are in contact with each other, there is a crystal plane at which directions of

cubic closest packed structures formed of anions are aligned with each other. A space group of
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the layered rock-salt crystal is R—3m, which is different from a space group Fm—3m of a general
rock-salt crystal and a space group Fd—3m of a rock-salt crystal having the simplest symmetry;
thus, the Miller index of the crystal plane satisfying the above conditions in the layered rock-salt
crystal is different from that in the rock-salt crystal. In this specification, in the layered rock-salt
crystal and the rock-salt crystal, a state where the directions of the cubic closest packed structures
formed of anions are aligned with each other is referred to as a state where crystal orientations are
substantially aligned with each other.

(0052]

Whether the crystal orientations in two regions are aligned with each other or not can be
judged by a transmission electron microscope (TEM) image, a scanning transmission electron
microscope (STEM) image, a high-angle annular dark field scanning transmission electron
microscopy (HAADF-STEM) image, an annular bright-field scan transmission electron
microscopy (ABF-STEM) image, and the like. X-ray diffraction, electron diffraction, neutron
diffraction, and the like can be used for judging. In the TEM image and the like, alignment of
cations and anions can be observed as repetition of bright lines and dark lines. When the
orientations of cubic closest packed structures of the layered rock-salt crystal and the rock-salt
crystal are aligned with each other, a state where an angle between the repetition of bright lines
and dark lines in the layered rock-salt crystal and the repetition of bright lines and dark lines in the
rock-salt crystal is less than or equal to 5°, preferably less than or equal to 2.5° is observed. Note
that, in the TEM image and the like, a light element such as oxygen or fluorine is not clearly
observed in some cases; however, in such a case, alignment of orientations can be judged by
arrangement of metal elements.

(0053]

Furthermore, in this specification and the like, a state where structures of two-dimensional
interfaces have similarity is referred to as "epitaxy". Crystal growth in which structures of two-
dimensional interfaces have similarity is referred to as "epitaxial growth". In addition, a state
where three-dimensional structures have similarity or orientations are crystallographically the
same is referred to as "topotaxy". Thus, in the case of topotaxy, when part of a cross section is
observed, orientations of crystals in two regions (e.g., a region serving as a base and a region
formed through growth) are substantially aligned with each other.

[0054]
(Embodiment 1)
[Structure of positive electrode active material]
First, a positive electrode active material 100, which is one embodiment of the present

invention, is described with reference to FIGS. 1A to 1C. The positive electrode active material
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100 refers to a substance containing a transition metal which can receive and release lithium ion
electrochemically. As illustrated in FIG. 1A, the positive electrode active material 100 includes
a first region 101 inside and a second region 102 and a third region 103 in a superficial portion.
[0055]

As illustrated in FIG. 1B, the second region 102 does not necessarily cover the entire first
region 101. Similarly, the third region 103 does not necessarily cover the entire second region
102. In addition, the third region 103 may be present in contact with the first region 101.

[0056]

The thicknesses of the second region 102 and the third region 103 may each differ
depending on the positions.
[0057]

Furthermore, the third region 103 may be present inside the positive electrode active
material 100. For example, in the case where the first region 101 is a polycrystal, the third region
103 may be present in the vicinity of a grain boundary. Furthermore, the third region 103 may
be present in a portion which includes crystal defects or a crack portion in the positive electrode
active material 100 or in the vicinity thereof. In FIG. 1B, parts of grain boundaries are shown by
dotted lines. In this specification and the like, crystal defects refer to defects which can be
observed from a TEM image and the like, that is, a structure in which another element enters
crystal, a cavity, and the like. In addition, a crack portion refers to a crack or a break formed in
a particle like a crack portion 106 illustrated in FIG. 1C, for example.

[0058]

Similarly, as illustrated in FIG. 1B, the second region 102 may be present inside the
positive electrode active material 100. For example, in the case where the first region 101 is a
polycrystal, the second region 102 may be present in the vicinity of a grain boundary.
Furthermore, the second region 102 may be present in a portion which includes crystal defects or
a crack portion in the positive electrode active material 100 or in the vicinity thereof. Moreover,
the third region 103 and the second region 102 inside the positive electrode active material 100
may overlap.

[0059]
<First region 101>

The first region 101 contains a composite oxide of lithium and a first transition metal.
In other words, the first region 101 contains lithium, a first transition metal, and oxygen.

[0060]

The composite oxide of lithium and a first transition metal preferably has a layered rock-
salt crystal structure.
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[0061]

As the first transition metal, only cobalt may be used, cobalt and manganese may be used,
or cobalt, manganese, and nickel may be used.
[0062]

That is, the first region can include lithium cobalt oxide, lithium manganese oxide, lithium
nickel oxide, lithium cobalt oxide in which manganese is substituted for part of cobalt, lithium
nickel-manganese-cobalt oxide, or the like. In addition to the transition metal, the first region
101 may include a metal other than the transition metal, such as aluminum.

[0063]

The first region 101 serves as a region which particularly contributes to a charge and
discharge reaction in the positive electrode active material 100. To increase capacity of a
secondary battery containing the positive electrode active material 100, the volume of the first
region 101 is preferably larger than those of the second region and the third region.

[0064]

A material having a layered rock-salt crystal structure has features such as high discharge
capacity and low resistance due to lithium that can be diffused two-dimensionally, which is
preferably used for the first region 101. In addition, in the case where the first region 101 has a
layered rock-salt crystal structure, a segregation of a representative element such as magnesium,
which is described later, tends to occur unexpectedly.

[0065]

Note that the first region 101 may be a single crystal or a polycrystal. For example, the
first region 101 may be a polycrystal in which an average crystallite size is greater than or equal
to 280 nm and less than or equal to 630 nm. In the case of a polycrystal, a grain boundary can be
observed from the TEM or the like in some cases. In addition, the average of crystal grain sizes
can be calculated from the half width of XRD.

[0066]

The polycrystal has a clear crystal structure; thus, a two-dimensional diffusion path of
lithium ions can be sufficiently ensured.. In addition, a polycrystal is easily produced as compared
with a single crystal; thus, a polycrystal is preferably used for the first region 101.

[0067]

Furthermore, the entire first region 101 does not necessarily have a layered rock-salt
crystal structure. For example, part of the first region 101 may be amorphous or has another
crystal structure.

[0068]
<Second region 102>
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The second region 102 contains an oxide of a second transition metal. In other words,
the second region 102 contains a second transition metal and oxygen.
[0069]

As the second transition metal, a non-stoichiometric metal is preferably used. In other
words, the second region 102 preferably includes a non-stoichiometric compound. For example,
as the second transition metal, at least one of titanium, vanadium, manganese, iron, chromium,
niobium, cobalt, zinc, zirconium, nickel, and the like can be used. Note that the second transition
metal is preferably an element different from that of the first transition metal.

[0070]

In this specification and the like, a non-stoichiometric metal refers to a metal that can
have a plurality of valences. In addition, a non-stoichiometric compound refers to a compound
of a metal that can have a plurality of valences and another element.

[0071]

The second region 102 preferably has a rock-salt crystal structure.
[0072]

The second region 102 serves as a buffer region which connects the first region 101 to the
third region 103 which is described later. In the non-stoichiometric compound, an interatomic
distance can be changed in accordance with a change in valence of a metal contained in the non-
stoichiometric compound. In addition, in the non-stoichiometric compound, a cation or anion
vacancy and dislocation (what is called Magneli phase) are often formed. Thus, the second
region 102, which serves as a buffer region, can absorb a strain generated between the first region
101 and the third region 103.

[0073]

Furthermore, the second region 102 may contain lithium in addition to the second
transition metal and oxygen. For example, lithium titanate or lithium manganite may be
contained. Moreover, the second region 102 may contain a representative element contained in
the third region 103 which is described later. The second region 102 that contains an element
contained in the first region 101, such as lithium, and an element contained in the third region 103
is preferable because the second region 102 serves as a buffer region.

[0074]

That is, the second region 102 can contain lithium titanate, titanium oxide, vanadium
oxide, manganese oxide, iron oxide, copper oxide, chromium oxide, niobium oxide, cobalt oxide,
zinc oxide, or the like.

[0075]
In addition, the second region 102 may contain the first transition metal. For example,
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the second transition metal may be present in part of a first transition metal site of the composite
oxide including the first transition metal.
[0076]

For example, in the case where the second transition metal is titanium, titanium may be
present as titanium oxide (TiO2) or lithium titanate (LiTiO2) in the second region 102.
Alternatively, in the second region 102, titanium may be substituted for part of the first transition
metal site of the composite oxide of lithium and the first transition metal.

[0077]

Moreover, the second region 102 may contain fluorine.
[0078]

The second region 102 preferably has a crystal structure which is the same as that of the
third region 103 which is described later. In this case, orientations of crystals of the second region
102 and the third region 103 are likely to be aligned with each other.

[0079]

The second region 102 preferably has a rock-salt crystal structure; however, the entire
second region 102 does not necessarily have a rock-salt crystal structure. For example, the
second region 102 may have another crystal structure such as a spinel crystal structure, an olivine
crystal structure, a corundum crystal structure, or a rutile crystal structure.

[0080]

Furthermore, a crystal structure may have a strain as long as a structure where six oxygen
atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in part of the
second region 102.

[0081]

Moreover, part of the second region 102 may be amorphous.
[0082]

When the thickness of the second region 102 is too small, the function as the buffer region
is degraded; however, when the thickness of the second region 102 is too large, the capacity might
be decreased. Thus, the second region 102 is preferably provided in a range from the surface of
the positive electrode active material 100 to a depth of 20 nm, preferably a depth of 10 nm, in a
depth direction. The second transition metal may have a concentration gradient.

[0083]
<Third region 103>

The third region 103 contains a compound of representative elements. A compound of
representative elements is a stoichiometric compound. As the compound of representative
elements, a compound made of representative elements which are electrochemically stable is
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preferable, and at least one of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride,
and sodium fluoride can be used, for example.
[0084]

The third region 103 is in contact with an electrolyte solution when the positive electrode
active material 100 is used in a secondary battery. Thus, for the third region 103, a material which
is hardly changed electrochemically in the process of charging and discharging and is not easily
transformed by contact with the electrolyte solution is preferably used. The compound of
representative elements which is a stoichiometric compound and electrochemically stable is
preferably used for the third region 103. The positive electrode active material 100 includes the
third region 103 in a superficial portion to improve stability in charging and discharging of the
secondary battery. Here, a state where stability of a secondary battery is high refers to a state
where the crystal structure of the composite oxide of lithium and the first transition metal contained
in the first region 101 is more stable. Alternatively, it refers to a state where a change in capacity
of the secondary battery is small even if charging and discharging are repeated or a state where a
change in valence of a metal contained in the positive electrode active material 100 is suppressed
even after charging and discharging are repeated.

[0085]

The third region 103 may contain fluorine. In the case where the third region 103
contains fluorine, fluorine may be substituted for some anions in the compound of the
representative elements.

[0086]

Fluorine is substituted for some anions in the compound of the representative elements,
whereby diffusion properties of lithium can be improved. Thus, the third region 103 is less likely
to prevent charging and discharging. In addition, when fluorine is present in a superficial portion
of a positive electrode active material particle, corrosion resistance against a hydrofluoric acid
generated by decomposition of an electrolyte solution is increased in some cases.

[0087]

Moreover, the third region 103 may include lithium, the first transition metal, and the
second transition metal.
[0088]

The compound of the representative elements contained in the third region 103 preferably
has a rock-salt crystal structure. When the third region 103 has a rock-salt crystal structure,
orientations of crystals are likely to be aligned with those of the second region 102. The
orientations of crystals of the first region 101, the second region 102, and the third region 103 are
substantially aligned with each other, whereby the second region 102 and the third region 103 can
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serve as a more stable coating layer.
[0089]

However, the entire third region 103 does not necessarily have a rock-salt crystal structure.
For example, the third region 103 may have another crystal structure such as a spinel crystal
structure, an olivine crystal structure, a corundum crystal structure, or a rutile crystal structure.
[0090]

Furthermore, a crystal structure may have a strain as long as a structure where six oxygen
atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in part of the
third region 103.

[0091]

Moreover, part of the third region 103 may be amorphous.
[0092]

When the thickness of the third region 103 is too small, the function of increasing stability
in charging and discharging is degraded; however, when the thickness of the third region 103 is
too large, the capacity might be decreased. Thus, the thickness of the third region 103 is
preferably greater than or equal to 0.5 nm and less than or equal to 50 nm, further preferably greater
than or equal to 0.5 nm and less than or equal to 2 nm.

[0093]

In the case where the third region 103 contains fluorine, fluorine is preferably present in
a bonding state other than magnesium fluoride (MgF?), lithium fluoride (LiF), and cobalt fluoride
(CoF2). Specifically, when an XPS analysis is performed on the vicinity of the surface of the
positive electrode active material 100, a peak position of bonding energy with fluorine is preferably
higher than or equal to 682 eV and lower than or equal to 685 eV, further preferably approximately
684.3 eV. The bonding energy does not correspond to those of MgF2, LiF, and CoFa>.

[0094]

In this specification and the like, a peak position of bonding energy with an element in an
XPS analysis refers to a value of bonding energy at which the maximum intensity of an energy
spectrum is obtained in a range corresponding to bonding energy of the element.

[0095]

In general, when charging and discharging are repeated, a side reaction occurs in a
positive electrode active material, for example, a first transition metal such as manganese, cobalt,
or nickel is dissolved in an electrolyte solution, oxygen is released, and a crystal structure becomes
unstable, so that the positive electrode active material deteriorates. However, the positive
electrode active material 100 of one embodiment of the present invention includes the second
region 102 serving as a buffer region and the third region 103 which is electrochemically stable.
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Thus, the dissolution of the first transition metal can be effectively suppressed, and the crystal
structure of the composite oxide of lithium and the transition metal contained in the first region
101 can be more stable. As a result, the cycle characteristics of the secondary battery including
the positive electrode active material 100 can be significantly improved. In addition, in the case
where charging and discharging are performed at a voltage higher than 4.3 V (vs. Li/Li*), in
particular, a high voltage of 4.5 V (vs. Li/Li*) or more, the structure of one embodiment of the
present invention is significantly effective.

[0096]

<Heteroepitaxial growth and topotaxy>

The second region 102 is preferably formed by heteroepitaxial growth from the first
region 101. Furthermore, the third region 103 is preferably formed by heteroepitaxial growth
from the second region 102. Aregion formed by heteroepitaxial growth becomes topotaxy which
has crystal orientations substantially three-dimensionally aligned with those of a region serving as
abase. Thus, thefirst region 101, the second region 102, and the third region 103 can be topotaxy.
[0097]

When the crystal orientations of the first region 101, the second region 102, and the third
region 103 are substantially aligned with each other, the second region 102 and the third region
103 serve as a coating layer which has a stable bond with the first region 101. As a result, the
positive electrode active material 100 including a strong coating layer can be provided.

[0098]

Since the second region 102 and the third region 103 have a stable bond with the first
region 101, when the positive electrode active material 100 is used for the secondary battery, a
change of the crystal structure in the first region 101 which is caused by charging and discharging
can be effectively suppressed. Even when lithium is released from the first region 101 due to
charging, the coating layer having a stable bond can suppress release of cobalt and oxygen from
the firstregion 101. Furthermore, a chemically stable material can be used for a region in contact
with the electrolyte solution. Thus, a secondary battery having excellent cycle characteristics can
be provided.

[0099]
<Degree of mismatch between regions>

To perform heteroepitaxial growth, the degree of a mismatch between crystals in a region

serving as a base and crystals on which crystal growth is performed is important.
[0100]
In this specification and the like, the degree of a mismatch f'is defined by the following

Formula 1. The average of the nearest neighbor distances between oxygen and cations of the
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crystals in the region serving as a base is represented by a, and the average of the natural nearest
neighbor distances between anions and cations of the crystals on which crystal growth is performed

is represented by b.
[0101]

[Formula 1]

f= b—a

—_— (Formula 1)
[0102]

a
To perform heteroepitaxial growth, the degree of a mismatch fbetween crystals in a region

serving as a base and crystals on which crystal growth is performed needs to be less than or equal
to 0.12. To perform more stable heteroepitaxial growth to form a layered shape, the degree of a
mismatch fis preferably less than or equal to 0.08, further preferably less than or equal to 0.04.
[0103]

Thus, materials of the first region 101 and the second region 102 are preferably selected
so that the degree of a mismatch fbetween the layered rock-salt crystal structure in the first region
101 and the rock-salt crystal structure in the second region 102 is less than or equal to 0.12.
[0104]

Furthermore, materials of the second region 102 and the third region 103 are preferably
selected so that the degree of a mismatch f between the rock-salt crystal structure in the second
region 102 and the rock-salt crystal structure in the third region 103 is less than or equal to 0.12.
[0105]

Examples of materials and crystal planes of the first region 101, the second region 102,
and the third region 103 are shown below, which satisfy the above-described conditions: the degree
of a mismatch f'between the layered rock-salt crystal structure in the first region 101 and the rock-
salt crystal structure in the second region 102 is less than or equal to 0.12; and the degree of a
mismatch fbetween the rock-salt crystal structure in the second region 102 and the rock-salt crystal
structure in the third region 103 is less than or equal to 0.12.

[0106]
<<Example 1: Lithium cobaltate, lithium titanate, and magnesium oxide>>

First, FIGS. 2A and 2B and FIG. 3 show an example in which the first transition metal is
cobalt, the first region 101 contains lithium cobaltate having a layered rock-salt crystal structure,
the second transition metal is titanium, the second region 102 contains lithium titanate having a
rock-salt crystal structure, and the compound of the representative elements in the third region 103
is magnesium oxide having a rock-salt crystal structure.

[0107]

4833-3188-9818.1 20

AMPEREX Ex. 1002
Page 904



10

15

20

25

30

FIG. 2A illustrates a model of a layered rock-salt crystal structure (a space group R—3mH)
of lithium cobaltate (LiCo00O2), a model of a rock-salt crystal structure (a space group Fd—3mZ) of
lithium titanate (LiTiO2), and a model of a rock-salt crystal structure (a space group Fd—3mZ) of
magnesium oxide. FIG. 2A illustrates models each of which is seen from the b-axis direction.
[0108]

From FIG. 2A, it is not seen that the layered rock-salt crystals and the rock-salt crystals
make topotaxy. Then, here, the layered rock-salt crystals are seen from a different direction (e.g.,
a direction indicated by an arrow in FIG. 2A). FIG. 2B illustrates a model of the layered rock-
salt crystals seen from the <1—1—4> plane direction and models of the rock-salt crystals seen from
the <100> plane direction.

[0109]

As illustrated in FIG. 2B, when the layered rock-salt crystals are seen from the <1-1-4>
plane direction, atomic arrangement of the layered rock-salt crystals is highly similar to those of
the rock-salt crystals seen from the <100> plane direction. In addition, the nearest neighbor
distances between metal and oxygen have similar values. For example, in the layered rock-salt
lithium cobaltate, a distance between Li and O is 2.089 A and a distance between Co and O is
1.925 A. In the rock-salt lithium titanate, a distance between Li and O is 2.138 A and a distance
between Ti and O is 2.051 A. In the rock-salt magnesium oxide, a distance between Mg and O
is 2.106 A.

[0110]

Then, with reference to FIG. 3, the degree of a mismatch between the regions when the
(1-1-4) crystal plane of the layered rock-salt crystal and the {100} crystal plane of the rock-salt
crystal are in contact with each other is described.

[0111]

As illustrated in FIG. 3, a distance between metals through oxygen in a (1-1—4) crystal
plane 101p (1-1—4) of lithium cobaltate having the layered rock-salt crystal structure in the first
region 101 is 4.01 A. Furthermore, a distance between metals through oxygen in a {100} crystal
plane 102p {100} of lithium titanate having the rock-salt crystal structure in the second region 102
is 4.19 A. Thus, the degree of a mismatch f between the crystal plane 101p (1—1—4) and the
crystal plane 102p {100} is 0.04.

[0112]

In addition, a distance between metals through oxygen in a {100} crystal plane 103p
{100} of magnesium oxide having the rock-salt crystal structure in the third region 103 is 4.21 A.
Thus, the degree of a mismatch fbetween the crystal plane 102p {100} and the crystal plane 103p
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{100} 1s 0.02.
[0113]

In this manner, the degree of a mismatch between the first region 101 and the second
region 102-and the degree of a mismatch between the second region 102 and the third region 103
are sufficiently small; thus, the first region 101, the second region 102, and the third region 103
can be topotaxy.

[0114]

Although not illustrated in FIG. 3, if the crystal plane 101p (1—1—4) in the first region 101
and the crystal plane 103p {100} in the third region 103 are in contact with each other, the degree
of a mismatch fis 0.05. That is, owing to the second region 102, the degree of a mismatch can
be small. Moreover, with the second region 102 that is a non-stoichiometric transition metal
oxide, the first region 101, the second region 102, and the third region 103 can be more stable
topotaxy. Thus, the second region 102 and the third region 103 can serve as a coating layer
having a stable bond with the first region 101.

[0115]

In this embodiment, the (1-1—4) plane of the layered rock-salt crystal and the {100} plane
of the rock-salt crystal are in contact with each other; however, one embodiment of the present
invention is not limited thereto as long as crystal planes which can be topotaxy are in contact with
each other.

[0116]
<<Example 2: Lithium cobaltate, manganese oxide, and calcium oxide>>

Next, an example in which the first transition metal i1s cobalt, the first region 101 contains
lithium cobaltate having a layered rock-salt crystal structure, the second transition metal is
manganese, the second region 102 contains manganese oxide having a rock-salt crystal structure,
and the compound of the representative elements in the third region 103 is calcium oxide having
a rock-salt crystal structure is shown.

[0117]

Also in this case, as in FIGS. 2A and 2B and FIG. 3, when the layered rock-salt crystals
are seen from the <1-1—4> plane direction, atomic arrangement of the layered rock-salt crystals
in the first region 101 is highly similar to those of the rock-salt crystals in the second region 102
and the third region 103 seen from the <100> plane direction.

[0118]

The degree of a mismatch between the regions when the (1-1—4) crystal plane of the

layered rock-salt crystal and the {100} crystal plane of the rock-salt crystal are in contact with

each other is described. A distance between metals through oxygen in a crystal plane (1-1-4) of
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lithiu.m cobaltate having the layered rock-salt crystal structure in the first region 101 is 4.01 A.
Furthermore, a distance between metals through oxygen in a crystal plane {100} of manganese
oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. Thus, the degree
of a mismatch f between the crystal plane (1-1-4) in the first region 101 and the crystal plane
{100} in the second region 102 is 0.11.

[0119]

In addition, a distance between metals through oxygen in a crystal plane {100} of calcium
oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the degree of
a mismatch fbetween the crystal plane {100} in the second region 102 and the crystal plane {100}
in the third region 103 is 0.08.

[0120]

In this manner, the degree of a mismatch between the first region 101 and the second
region 102 and the degree of a mismatch between the second region 102 and the third region 103
are sufficiently small; thus, the first region 101, the second region 102, and the third region 103
can be topotaxy.

[0121]

If the crystal plane (1-1-4) in the first region 101 and the crystal plane {100} in the third
region 103 are in contact with each other, the degree of a mismatch f'is 0.20; thus, it is difficult to
perform the heteroepitaxial growth. That is, owing to the second region 102, the heteroepitaxial
growth from the first region to the third region can be performed. Thus, the second region 102
and the third region 103 can serve as a coating layer having a stable bond with the first region 101.
[0122]
<<Example 3: Lithium nickel-manganese-cobalt oxide, manganese oxide, and calcium oxide>>

Next, an example in which the first transition metals are nickel, manganese, and cobalt,
the first region 101 contains lithium nickel-manganese-cobalt oxide (LiNio 33C00.33Mno.3302)
having a layered rock-salt crystal structure, the second transition metal is manganese, the second
region 102 contains manganese oxide having a rock-salt crystal structure, and the compound of
the representative elements in the third region 103 is calcium oxide having a rock-salt crystal
structure is shown.

[0123]

Also in this case, as illustrated in FIGS. 2A and 2B and FIG. 3, when the layered rock-
salt crystals are seen from the <1—-1-4> plane direction, atomic arrangement of the layered rock-
salt crystals is highly similar to those of the rock-salt crystals seen from the <100> plane direction.

The degree of a mismatch between the regions when the (1-1-4) crystal plane of the layered rock-
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salt crystal and the {100} crystal plane of the rock-salt crystal are in contact with each other is
described.
[0124]

A distance between metals through oxygen in a crystal plane (1-1-4) of lithium nickel-
manganese-cobalt oxide having the layered rock-salt crystal structure in the first region 101 is 4.07
A.  Furthermore, a distance between metals through oxygen in a crystal plane {100} of
manganese oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. Thus,
the degree of a mismatch fbetween the crystal plane (1-1-4) in the first region 101 and the crystal
plane {100} in the second region 102 is 0.09.

[0125]

In addition, a distance between metals through oxygen in a crystal plane {100} of calcium
oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the degree of
a mismatch fbetween the crystal plane {100} in the second region 102 and the crystal plane {100}
in the third region 103 is 0.08.

[0126]

In this manner, the degree of a mismatch between the first region 101 and the second
region 102 and the degree of a mismatch between the second region 102 and the third region 103
are sufficiently small; thus, the first region 101, the second region 102, and the third region 103
can be topotaxy.

[0127]

If the crystal plane (1-1-4) in the first region 101 and the crystal plane {100} in the third
region 103 are in contact with each other, the degree of a mismatch fis 0.18; thus, it is difficult to
perform the heteroepitaxial growth. That is, the second region 102 is provided, whereby the
heteroepitaxial growth from the first region to the third region can be performed. Thus, the
second region 102 and the third region 103 can serve as a coating layer having a stable bond with
the first region 101.

[0128]
<Boundaries between regions>

As described above, the firstregion 101, the second region 102, and the third region 103
have different compositions. The element contained in each region has a concentration gradient
in some cases. For example, the second transition metal in the second region 102 may have a
concentration gradient. In addition, the third region 103 may have a concentration gradient of a
representative element because a representative element preferably segregates in the third region
103 as described later. Thus, the boundaries between the regions are not clear in some cases.

[0129]
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The difference of compositions of the first region 101, the second region 102, and the
third region 103 can be observed using a TEM image, a STEM image, fast Fourier transform (FFT)
analysis, energy dispersive X-ray spectrometry (EDX), an analysis in the depth direction by time-
of-flight secondary ion mass spectrometry (ToF-SIMS), X-ray photoelectron spectroscopy (XPS),
Auger electron spectroscopy, thermal desorption spectroscopy (TDS), or the like.

[0130]

For example, in the TEM image and the STEM image, difference of constituent elements
is observed as difference of brightness; thus, difference of constituent elements of the first region
101, the second region 102, and the third region 103 can be observed. Furthermore, also in plane
analysis of EDX (e.g., element mapping), it can be observed that the first region 101, the second
region 102, and the third region 103 contain different elements.

[0131]

By line analysis of EDX and analysis in the depth direction using ToF-SIMS, a peak of
concentration of each element contained in the first region 101, the second region 102, and the
third region 103 can be detected.

[0132]

However, clear boundaries between the first region 101, the second region 102, and the
third region 103 are not necessarily observed by the analyses.
[0133]

In this specification and the like, the third region 103 that is present in a superficial portion
of the positive electrode active material 100 refers to a region from the surface of the positive
electrode active material 100 to a region where a concentration of a representative element such
as magnesium which is detected by analysis in the depth direction is 1/5 of a peak. As the
analysis in the depth direction, the line analysis of EDX, analysis in the depth direction using ToF-
SIMS, or the like, which is described above, can be used.

[0134]

Furthermore, a peak of a concentration of a representative element is preferably present
in a region from the surface of the positive electrode active material 100 to a depth of 3 nm toward
the center, further preferably to a depth of 1 nm, and still further preferably to a depth of 0.5 nm.
[0135]

Although the depth at which the concentration of the representative element becomes 1/5
of the peak is different depending on the manufacturing method, in the case of a manufacturing
method described later, the depth is approximately 2 nm to S nm from the surface of the positive
electrode active material.

[0136]
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The third region 103 that is present inside the first region 101 in the vicinity of a grain
boundary, a crystal defect, or the like also refers to a region where a concentration of a
representative element which is detected by analysis in the depth direction is higher than or equal
to 1/5 of a peak.

[0137]

A distribution of fluorine in the positive electrode active material 100 preferably overlaps
with a distribution of the representative element. Thus, fluorine also has a concentration gradient,
and a peak of a concentration of fluorine is preferably present in a region from the surface of the
positive electrode active material 100 to a depth of 3 nm toward the center, further preferably to a
depth of 1 nm, and still further preferably to a depth of 0.5 nm.

[0138]

In this specification and the like, the second region 102 that is present in a superficial
portion of the positive electrode active material 100 refers to a region where a concentration of the
second transition metal which is detected by analysis in the depth direction is higher than or equal
to 1/2 of a peak. The second region 102 that is present inside the first region 101 in the vicinity
of'a grain boundary, a crystal defect, or the like also refers to a region where a concentration of the
second transition metal which is detected by analysis in the depth direction is higher than or equal
to 1/2 of apeak. As the analysis method, the line analysis of EDX, analysis in the depth direction
using ToF-SIMS, or the like, which is described above, can be used.

[0139]

Thus, the third region 103 and the second region 102 overlap in some cases. Note that
the third region 103 is preferably present in a region closer to the surface of the positive electrode
active material particle than the second region 102 is. In addition, the peak of the concentration
of the representative element is preferably present in a region closer to the surface of the positive
electrode active material particle than the peak of the concentration of the second transition metal
is.

[0140]

The peak of the second transition metal is preferably present in a region from a depth of
0.2 nm or more to a depth of 10 nm or less from the surface of the positive electrode active material
100 toward the center, further preferably in a region from a depth of 0.5 nm or more to a depth of
3 nm or less.

[0141]

The measurement range of the XPS is from the surface of the particle of the positive
electrode active material 100 to a region at a depth of approximately S nm. Thus, a concentration
of an element present at a depth of approximately S nm from the surface can be analyzed
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