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PCTAUS 22/36606

AL
IPC

CLASSIFICATION OF SUBJECT MATTER

- INV. HO1L 31/0312, HO1L 31/0264, HO1B 1/04, HO1L 21/40 (2022.01)

ADD, HO1B 1/18 (2022.01)

ADD, HO1B 118

CPC - INv. HOTL 31/0312, HO1L 31/03125, HO1B 1/04, HOTL 21/40

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

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentaticn searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History documant

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Seo Saarch History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to ¢laim Ne.
X US 2017/0204532 A1 (MELIOR INNOVATIONS, INC.} 20 July 2017 (20.07.2017} entira 1-3, 18-22, B4-56
document; especlaily Fig. 5A, para [0024], para [008(], para [0155], para [0262]
US 2011/0206929 A1 (NAKABAYASHI et al.) 25 August 2011 {25.08.2011) entire document 1-3, 16-22, 54-58
A US 2016/0068994 A1 (SICRYSTAL AG) 10 May 2016 (10.05.2016) entire document 1-3, 15-22, 54-56

L

Further documents are listed in the continuation of Box C.

D See patent family annex.

*
“pr

apm
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apn
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document defining the general state of the art which is not considered
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filing date

document which may throw doubts on priority claim{s) or which
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“Q" ‘documentreferring toan oral disclosure, use, exhibition or ather means

document published prier to the international filing date but later than
the priority date claimed

“T*  later docurnent published after the international filing date or priority

e

uym

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the ¢laimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more ather such decuments, such combination
being obvious 1o a persen skilled in the art

“&™ document member of the same patent family

Date of the actual completion of the international search

01 November 2022

Date of mailing of the international search report

NOV 22 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Altn: ISA/US, Commissionar for Patents
P.0. Box 1450, Alexandrla, Virginja 22313-1450

Facsimile No, §71-273-8300

Authorized officer

Kaii Redriquez
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INTERNATIONAL SEARCH REPORT International application No.

PCTIUS 22/36606

Box No. I 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 reasons:

1. D Claims Nos.:

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

2. I:l Claims Nos.:

because they relate ta parts of the intemational application that do nat comply with the prescribed requirements to such an
extent that ne meaningful international search can be carried out, specificalty:

Claims Nos.: 4-14, 23-33, 40-53, 57-61, 65-89, 80-84, 86, 89-92
because they are dependent elajms and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observatiens where unity of invention is lacking (Confinuation of item 3 of first sheet)

This Imernational Searching Authority found multiple inventions in this international application, as follows:
This applicatlon contalns the following inventibns or groups of invantions which are not so linked as io form a single general Inventive
cancept under PCT Rule 13.1. In order for all inventions o be searched, the appropriate additional search fees must ba pald.

Group [: Claims 1-3, 15-22, 54-56 are directed to a p-type SIC wafer.

Group [I: Claims 34-39, 62-64 are directed to a low resistivity n-type SiC wafer.

Group lil: Claims 70-75 are directed to a p-type SiC boule.

Group IV: Cla/ms 76-79 are directed to a low resistivity n-type SiC boule,

Group V. Claims 85, 67 and 88 are directed to 8 method of making a p-type SiC semicenductar device.

--§ée exira sheet

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

2, [:I As all searchable claims ceuld be searched without effort justifying additional fees, this Autherity did not invite payment of
additional fees.

3, |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only these claims for which fees were paid, speeifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is restricted
to the invexgt‘i;on first mentioned in the claims; it is covered by claims Nos.:
1-3, 15-22, 54-55

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

I:’ 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)) (July 2022)
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INTERNATIONAL SEARCH REPORT

Information on patent family members International application No.

PCT/US 22/36606

Continuation of Box No. lll — Observatlons whera unity of invention is lacking:

Tha invantions listed as Groups |-V do net relate te a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or correspending speciai techinical features for the following reasons:

Speclal Technlcal Features
Group | Includes the special technical feature of p-type SIC wafer, not Included in the other groups.

Group |l includes the spacial technical feature of n-type SiC wafer, not included in the other groups.
Group lil includes the special technical faature of p-type SIC boule, nat Included in the ather groups.
Group 1V Includes the special technical feature of n-type SIC boule, not included in the ather groups.
Group V includes the special technical features of a device and clreuity, not Included in the other groups.

COMMON TECHNICAL FEATUURES
The only fechnical feature shared by Groups |-V that would otherwise unify the groups is SIiC.

The only additional technical feature shared by Groups |, Ill, and V that would otherwise unify the groups is p-type SIC.

The only additional iechnical feature shared by Groups I-IV that would otherwise unify the groups is a diameter of at least about 4* (100
mm}

The only additional technical feature shared by Groups I-Il that would otherwisa unify the groups is a thickness from about 300 pm to
about 600 pm.

The only additional technical feature shared by Groups 1l and 1V that would otherwise unify the groups is n-type SiC and donor atoms.

The only additional technical feature shared by Groups |, I, and 1V that would otherwise unify the groups is a fow resistivity {resistivity of
0.03 ochm-cm and less).

However, these shared technical features de not represent a contributlon over prier art, because the shared technical features are
disclosed by US 2017/0204532 A1 1o Melior Innovation, Inc. {hereinafter "Mellar*),

Melicr discioses p-type SIC, n-type SIC {para [0262]- SIC crystals, including semi{nsulating, p-type and phosphorus doped n-type
crystals), wafer (para [0024]- an SiC wafer), boule (para [0038]- SiC boule), diamster from about 4" {100 mm} to about 6" {150 mm)
(para [D080]- about 4-inch diameter wafers, about S-inch dlamater wafers, about 6-Inch diameter wafers); a thickness from about 300
uim to about 800 um (para [0080]- thickness of about 300 um, a thickness of about 500 um); acceptor atoms {para [0262]- Aluminum is
angther impaortant dopant used for the growth of conductive crystals of p-type}; and a resistivity of 2.0 ohr-cm and less (para [0160]-
resislivily. P-Type Bor 0.001-50 ohm-cm. N-Type Phosphorus 0.1-40 chm-cm);a bow of <40 um; a warp of <60 um {pare [0194}
Bow/Warp <25um); donor atoms comprising phosphorous (para [0262]- phospharus doped n-type crystals); a height of at least about 1"
{25 mm) (para [0248]- the maximum height of the silicon carbide single crystal grawing on the seed substrate exceeds 50 mm).

As the common faatures wera known in the art at the time of the invention, they cannot be considered special technical feaiures that
wauld etherwise unify the groups.

Therefore, Groups [-V lack unity undar PCT Rule 13.
Note: Claims 4-14, 23-33, 40-53, 57-61, 65-69, 80-84, 88, and 89-92 are determined to be unsearchable because they are dependant

clalms that are net drafted in accerdance with the second and third sentences of Rule 6.4(a} and are, therefore, not included in any claim
group.

Form PCT/ISA/210 (patent family annex) (July 2022)
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