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000

ARUsh 2017 2019 2021 2024 | 2027 | 2030 2033

E'HAH'EE”}" F” (nm) “10" e wR % 3 Lo ki w157 w1.0"

Logic device structure | FInFET | FinFET | LGAA | LGAA | LGAA | VGAA | VGAA

options FDSOT | LGAA | FinFET | VGAA | VGAA | LGAA | LGAA
3IDVLSL| 3DVLSI

Avg. cell width scaling | 1.0 0.9 0.9 0.9 0.9 (.9 0.9

factor

Min. metal half-pitch | 18 14 12 10.5 7 7 7

{(hm)

Contacted poly half-] 27 24 21 18 16 16 16

pitch {nm)

Physical gate length | 20 18 16 14 12 12 12

for HP logic {nm)

Min. fin width or}8 7 7 7 6 6 6

diameter (nm)

Fin  min.  thalf-pitch | 16 14 12 10.5 9 7 7

{nm)

Min. contact hole or | 51 40 34 30 20 20 20

via pitch (nm)

Contact/via CD after | 18 14 12 10.5 7 7 7

etch (nm}

Overlay (3 sigma) | 3.6 35 34 2.8 2.2 1.7 1.5

(nm)
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Intermational application No.

PCT/US20/32527

A,

IPC

CLASSIFICATION OF SUBJECT MATTER

- HO1L 29/02, 2711, 27/105, 23/528, 21/308, 29/792; B82Y 40/00 (2020.01)

‘CPC - HO1L 29/7827, 29/42382, 29/7856, 29/785, 29/1054, 28/02, 27/11, 27/10828, 271105, 27/0207,
23/528, 21/3081, 21/308, 29/792; B82Y 40/00

According 1o International Patent Classification {[PC) or to both naticnal classification and IPC

FIELDS SEARCHED

Ses

Search Higtory document

Minimum documentation searched (classification system followed by classification symbols)
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Search History decument
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06 June 2019 (06.06.2018); entire document.
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim MNo.

Y US 2017/0117291 A1 (MONOLITHIC 3D INC.) 27 April 2017 (27.04.2017); abstract; figures 1-7
3A-3N; paragraphs [0133-0134, 0162-0165, 0302, 0333].

Y US 2013/0052762 A1 (L), X et al.) 28 February 2013 (28.02.2013); figures 1A-11; paragraphs 1-7
[0023-0025).

A US 2014/0353574 At (THE BOARD OF TRUSTEES OF THE UNIVERSITY OF ILLINOIS) 1-7
04 Decembe 2014 (04,12.2014); entire document.

YP WO 2019/108366 A1 to (BOARD OF REGENTS, THE UNIVERSITY OF TEXAS SYSTEM) 1-7

l:l Further documents are listed in the continuation of Box C.

D See patent family annex,
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document defining the general stae of the art which is not considered
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document cited by the applicant in the irternational application

earlier application or patent but published on ot afier the interrational
filing date

document which may throw doubts on priority claim(s) or which *

is cited to establish 1 e_r]laublicaxion date of another citation or other
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document referring to an oral disclosure, use, exhibition or other means
document published prioz to the incernational filing date but later than
the prionity date claimed
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later d published afier the international filing date nrdpriority
date and not in conflict with the apﬁlu_:auon burr 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 refevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with orie or more other such documents, such combination
being obvious to a person skilled in the art

“&"  document menber of the same patent family

Date of the actual completion of the international search

18 September 2020 (18.09.2020)
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INTERNATIONAL SEARCH REPORT International application No.
PCTIUS20/22627

Box No. Il 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 Nes.:

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

2. I:l Claims Nos.:
because they relate to 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, specificalty:

3 D Claims Nos.:

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

Box No. 1l Observations 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:
Group |: Claims 1-7; Group lI: Claims 8-14; Group 1i: Claims 15-20

~***-Sag Extra Shest -*""-

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

2. D As a1l searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:' As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ﬁ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

17

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 accomgpanied the payment of additional search fees.

Form PCT/SA/210 (continvation of first sheet (2)) (July 2019)
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INTERNATIONAL SEARCH REPORT intomational application No.

PCT/US20/32527

-***-Continued from Box No. |Il Observations where Unity of Invention is lacking-***-

This application contalins tha following inventions or groups of inventions which are net so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional axaminetion fee must be paid.

Group I; Claims 1-7 are directed towards a method for making multilayer nanostructures.

Graoup II: Claims B-14 are directed towards a three-dimensional 3D SRAM device compyising: ene or more nanosheet FETs along a
vartical direction of a fin.

Group Ill: Claims 15-20 are direcled towards a three-dimensicnal 3D SRAM device comprising: one or mare fin field-effect fransistors
FinFETs along a vertical direction of a fin,

The inventions listad as Groups |-Ill do not relate to a single genaral Inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the sama or comesponding speclal tachnical features for the following reasons:

The speclal technical features of Group | include at least: providing a semiconducting material comprising twe or more |layers; patteming
a catalyst layer on a surface of said semiconducting material; exposing said patterned catalyst layer to an atchant, wherein said pattemed
catalyst layer and said etchant cause etching of said semiconducting material to form vertical nanostructures, wherein said vertical
nanostructures comprise two or more layers different in at lsast one of the following: material, morpholagy, porosity, etch rates, tharmal
processing rates, doping concentration and dopant materlal; forming staircase-like structures in a pottion of said vertical nanestruciures;
filling a second materiat arcund at laast & portion of said vertical nanostructures; and selectively procassing one or more of said two or
more layars o either change its chemical composition or remove i, which are not present in Groups Ii-Ill.

The spacial tachnical features of Group H include at least: one or more nanosheet FETs along a vertical direction of a fin, wherein a wall
angle of sald fin is greater than 89,5 degrees, wharein sald one or more nanosheet FETs are created using two or more layers of material
different in at least one of the following: material, morphology, porosity, etch rates, thermal processing rates, doping concentration and
dopant material; and said one or more nanoshest FETS ara separated by a matatial with a diffsrent composition than that of said fin or
are separated by air, which are not present in Groups | and (16,

The spacial technical faatures of Group |l include at least: one or mora fin fisld-effect transistors FinFETs along a vertical diractian of @
fin, wherain a wall angle of said fin is greater than 89.5 degreas, wherein said one or more FInFETs are created using two or more (ayers
of a material different in at least one of the following: material, morphology, porosity, etch rates, thermal procassing rates, doping
concantration and dopant material; and said one or more FINFETs are separated by a material with a ditferent camposition than that of
said fin or are separated by air, which ara not present in Groups I-II.

The common technical features shared by Groups I-lii are: a generic FET structurs created using two or mare layars different in ot loast
one of tha following: material, morphology, porosity, etch rates, thermal processing ratas, doping concentration and dopant materlal.

The comman technical featuras shared by Groups Il & 1il are: wherein a wall angle of said fin is greater than 89.5 degrees; a generic FET
created using two or mors layers of material differant in at keast one of the following: material, morphology. porosity, elch rates, thermal
processing rates, doping concentration and dopant material; and said one or more gensric FET= ara separated by & material with a
diffarent composition than that of said fin or are separaled by air.

However, these comman features are pravicusly disciosed by US 2016/0013296 A1 to GlobalFoundries incorporated (hereinafter
*GlobalFoundries*). GlobalFoundries discloses: a wall angle of said fin is greater than 89.5 degrees (a sidewall H angle of fin G is
perpendicular to the surface of a substrate 10 (greater than 89.5 degrees), Fig. 1A, 1B, 1C, 1D, para. [0033]-[0036]); a generic FET
structure {a FinFET semiconductor device 100, comprising a P-type FET 100P & an N-type FET 100N, Fig. 1A, 18, 1C, 1D, para.
[0030]{0032]) created using two or more layers of material diffarent in at least one of the following (creatad using two or more layers of
fin material 104, replacerment fin material 114, silicon/germanium 140, insulating material 106, and gate insulation material 200A, different
in at Iaast one of the following, Fig. 1A, 1B, 1C, 1D, para. [00:39], [0040], [0054]): material {silicon/germanium, replacement material 114,
replacement matarial 140, Fig. 6A-6H, para. [0029), [0039], [0043], [0045], [053], {0054]), morphology (crystaliine orientation
(marphalogy}, para. [0028], [0039], {0040]) and dopant material {n-type or p-type dopant material, para. [00289], [0039], [0045]); and said
one or more generic FETs ara separated by a material with a differant composition than that of said fin (said one or more FInFET
semiconductar devices 100 are separated by a material with an insulating material 106 differant than that of said fin C material 104, &
replacement materials 114, 140, Fig. 24, 2B, 2C, para. [0038], [0043), [0044]).

Since the comman tachnical features are previously disclosed by the GlobalFoundries reference, these common leatures are not special
and so Graups HIi lack unity,
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