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INTERNATIONAL SEARCH REPORT International application No,
PCTAIS15/66525

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - HD1M 10/04, 10/585, 4/04 (2016.01)

CPC - HO1M 10/0404, 10/585, 4/0421

According to intemnational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

$PC(8) Classification(s): HO1M 2/14, 4/0d, 4/139, 10/04, 10/0562, 10585 (2016.01)
CPC Classification(s); HO1M 2/14, 4/0421, 4/139, 10/0404, 10/0562, 10/585; YOZP 70/54

o

Documentation searched other than mitimum documentation te the extent that such documents are included in the fields

Electronic data base consulted during the intemational search {name of data base and, where practicdble, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Goagle; Google Scholar; EBSCO

Keywords searched: solid state battery, manufacture, electrolyte, substrate, release layer, electrode, ionic diffusion, capacity thickness,
daposition, current collector, call stack, micron, ampere hours

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the retevant g Rel t to claim No.
i US 2012/0058280 A1 (CHUNG, M. et al.) March 08, 2012; figures 1-4; paragraphs [0008, 1-10
0028-0032, 0043-0054}
Y US 6,432,584 B1 (VISCO, S_at al.) August 13, 2002; figures 1, 3; column 4, lines 5-40; column  [1-10
16, lines 15-25
Y US 2009/0206671 A1 (NIEH, K. et al.) August 20, 2009; figures 3a, 4; paragraphs [0019, 0021]} (2, 7
A US 2012/0274273 A1 (JACQOBS, H. et al.) November 01, 2012; figures 1b, 1d, 2b, 3a, 28a; 2-10
paragraphs [0136-0139, 0148-0159, 0310, 0316}
|:I Further documents are listed in the continuation of Box €, D See patent family annex,
*  Special categories of sited documents: “T* Tater document published after the inemational filing date or ricrity
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁlication but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or aiter the imtémational «x~ g of particutar refevance; the claimed invention cannot be
filing date considered novel or cannot be consideted to invoive an inventive
“L™  document which may thraw doubts on prierity claim(s) or which is step when the document is taken alone

cited 1o establish the publication date of znother citation or other wyr

special reason (as specified) document of particular refevance; the claimed invention cannot be

considered to involve an inventive siep when the document is

" document referring to an oral disclosure, use, exhibition or other combined with one or more other sush documents, such combination
means being obvious 10 a person skilled in the an

P dﬁ:ﬁ:ﬂi{ﬁﬂ:ﬂﬁ'ﬂéﬂ' to the international fiting date but later than «g  dacvment member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
22 Aprit 2016 (22.04.2046) 03 MAY 2016 :
Name and mailing address of the [SA/ Authorized officer
Mail Step PCT, Attn: 1ISAZUS, Commissioner for Patents Shane Thermas
P.Q. Box 1450, Alexandria, Virginia 22313-1450
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INTERNATIONAL SEARCH REPORT International application No,
PCTAIS15/66525

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasans:

1 D Claims Nos.:

because they relate to subject matter not required to be searched by this Autherity, namely:

2, D Ciaims Nos.:

because they relate 10 parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a),

Box No., [11  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this intemational application, as follows:
See Extra Sheet,

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all scarchable
claims,

2. D As all searchable claims could be searched without effort justifying additional fees, this Autharity did not invite payment of
additional fees,

3. D As anly some of the required additional search fees were timely paid by the applicant, this intemationa! search report covers
only those claims for which fees were paid, specifically claims Nos.: :

4. E Mo required additional search fees were timely paid by the applicant. Consequently, this international search repont is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee,

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



(22) JP 2018-501616 A 2018.1.18

INTERNATIONAL SEARCH REPORT international application No.
PCTAS15/66525

~**-Continued from Box No. Il Observations where unity of Invention is lacking -***-

This application contains the following inverntions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In ¢rder for all inventions to be examined, tha appropriate additional examination fee must be paid,

Group I: Claims 1-10 appear to be directed towards a method includes battary device releasing step from the substrate, or another
method of processing an thin polymer substrates (0.1 um to 100 um) that are included as a part of battery device by minimizing the
penalty on energy dansity. .

Group Ui: Claims 11 & 12 appear to be directed towards forming a multiple stack battery characterized by a capacity greater than 0.1
mAh by winding, z-felding, stacking precut films, or directly depositing multipls leyers on an area less than 1 m*2.

Group Ill: Claims 13-16 appear to be directed towards forming the multiple stack battery device within a footptiat of an arbitrary
shape by cutting the battery including the polymaeric substrate to conform to a battery powered applianca.

Tha inventions listed as Groups Il do not relats to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding speciai technical features.

The special technical faatures of Group | are at least a method for manufacturing solid state balteries using an iterative set of process
sequences that repeats a number of times to build multiple stacks to achieve high capacity which is greater than 0.1 mAh, wherein a
method includes battery device releasing step fram the substrats, or another method of procassing on thin polymer substrates (0,1 um to
100 um) that are included as a part of battary device by minimizing tha penalty on energy density, the process comprising: maving a
substrate In a closad loop process sequence for a number of times o build the target number of stacks based on the battery capadity
spacification, wharein the capacity is greater than 0.1 mAh; performing a plurality of processes to build a single stack by sequentially
depositing a plurality of materials derived from depesiticn sources to form a resulting slectrochemical cell overlying the substrate, the
plurallty of processes comprising at least: forming a release material overlying the subsirate; depositing a first current collactor overlying
thae release material; depositing a first elactrode layer that is capable of an alectrochemical reaction with ions overlylng surrent collector
in the deposition chamber; depositing an electrolyte material overlying the cathode that is capable of ionic diffusion, the electrolyta
material having an electrical conductivity and being a solid state materlal; depositing a second electrode fayer everlying the elacirolyte
matssial; depositing a second current ceitactor overlying the sacond electrode layer; depositing an interfayer overlying the second current
collactor; following the resulting alactrochemical call overlying the release malerial, moving tha substrate back to the start of the process
sequenca to form a second elecirochemical cell overlying the first cell stack on the same substrate; repeating the cell stack deposition
sequencea for 1o N times until the multipte stack electrochemical batterles that have high capacity greater than 0.1 mAh; forming the
high capacity battery by stacking the combination of the substrate and the deposited single electrochemical celi stack unili the multiple
stack slectrochemical battaries meet the targetad capacity; tausing removal of the resulting slectrochemical cell from the release
material to detach the substrate from the rasulting electrochemical cell, which Groups 11 & Il do not have.

Group || has at least a method of fabricating a thin film solid stzis battery devics, the method comprising: forming a multiple stack battery
characterized by 8 capacity greater than 0.1 mAh by winding, z-folding, stacking precut fims, or directly depositing multipte layers on an
area less than 1 m2; forming a multiple stack battery of uniform thickness including a substrate, ranging from 1.5 um to 500 um each
stack and curvature by cutting boundaries of wound, or 2-folded baltery to achleve higher energy density by eliminating curves, and to
prevant siress concantration at cormers which are fraguent failure locations, which Groups | & Il do not hava.

Group ill has at least forming the muiltiple stack battery device within & footprint of an arblirary shape by cutting the battery including the
polymeric substrate 10 conform to a battery powered appliance, which Groups | & Il do not have.

The common technical featurss are at least a method of fabricating a thin fitm solid state battery device compriging forming a fitm by
tepositing eiacirode matarials using a low temperature process on a thin polymaric substrate; forming a multiple stack battery
characlerized by a capacily greater than 0.1 mAh. These commen features are previously disclosad by WO 01/73833 A2 to Janson, M
(herainafier ‘Jansan). Jensen discloses a method of fabricating a thin fitm solid state batiery device (a method of fabricating a thin film
solld state battery 50; page 13, line 25 to page 14, line 13) comprising forming a film by depositing efectrade matarials using a low
temperature process on a thin polymaric substrate (forming a film by depositing cathada films using a low temperature process on a
polymer substrate; page 28, fines 1-29); forming a multiple stack battery characterized by a capacity greater than 0.1 mAh {forming a
stack battery which has a capacitance of 1000 mah; page 84, lines 22.23).

Since the common technical feature is praviously disclosed by Jansen these common featuras are not spedial and so Groups |-l lack
unity .

Form PCT/ISA/210 (extra sheet) (January 2015)
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