(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

A

=

(19) World Intellectual Property
Organization
International Bureau
(43) International Publication Date
09 February 2023 (09.02.2023)

0 OO 0 00
(10) International Publication Number

WO 2023/010164 A1

WIPO I PCT

(51) International Patent Classification:
B82Y 10/00 (2011.01) GO6N 10/40 (2022.01)
B82Y 40/00 (2011.01) HOIL 29/66 (2006.01)

(21) International Application Number:
PCT/AU2022/050827

(22) International Filing Date:
02 August 2022 (02.08.2022)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
2021902381 02 August 2021 (02.08.2021) AU

(71) Applicant: SILICON QUANTUM COMPUTING PTY
LIMITED [AU/AU]J; Level 2, Newton Building, UNSW
Sydney, Kensington, New South Wales 2052 (AU).

(72) Inventors: KRANZ, Ludwik; Level 2, Newton Build-
ing, UNSW Sydney, Kensington, New South Wales 2052
(AU). GORMAN, Samuel Keith; Level 2, Newton Build-
ing, UNSW Sydney, Kensington, New South Wales 2052
(AU). MONIR, Md Serajum; Level 2, Newton Building,

(74)

81

UNSW Sydney, Kensington, New South Wales 2052 (AU).
ROCHE, Stephen; Level 2, Newton Building, UNSW Syd-
ney, Kensington, New South Wales 2052 (AU). KEITH,
Daniel; Level 2, Newton Building, UNSW Sydney, Kens-
ington, New South Wales 2052 (AU). RAHMAN, Ra-
jib: Level 2, Newton Building, UNSW Sydney, Kensing-
ton, New South Wales 2052 (AU). SIMMONS, Michelle
Yvonne; Level 2, Newton Building, UNSW Sydney, Kens-
ington, New South Wales 2052 (AU).

Agent: FPA PATENT ATTORNEYS PTY LTD; ANZ
Tower, 161 Castlereagh Street, Sydney, New South Wales
2000 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, 1IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU,
LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS,RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

(54) Title: ADVANCED QUANTUM PROCESSING SYSTEMS AND METHODS FOR PERFORMING QUANTUM LOGIC OP-

ERATIONS
20— FIG. 2
204
SiO,

P s X | Z__
206 Si /Q s 2DEG

/ H H

202 : ]

EZ Ali : iAEZ

A

distance

wo 2023/010164 A1 | A 0000 TR0 O O

(57) Abstract: Quantum processing element and method to perform logic operations on a quantum processing element are disclosed.
The quantum processing element includes: a semiconductor, a dielectric material forming an interface with the semiconductor, a plurality
of dopant dots embedded in the semiconductor, each of the dopant dots comprising one or more dopant atoms and one or more electrons
or holes confined within the dopant dots, wherein spin of an unpaired electron or hole of each dopant dot forms at least one qubit.
The method includes the step of: controlling orientation of nuclear spins of the one or more dopant atoms in a pair of dopant dots and/
or controlling a hyperfine interaction between nuclear spins of one or more dopant atoms and electron or hole spins of the unpaired
electron or hole in the pair of dopant dots to perform a quantum logic operation on a corresponding pair of qubits.

[Continued on next page]



WO 2023/010164 A1 | [} 100000000 0T

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

— in black and white; the international application as filed
contained color or greyscale and is available for download
fiom PATENTSCOPE



