wo 20237111757 A1 | AT ON 0 K000 O

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

A

=

(19) World Intellectual Property
Organization
International Bureau
(43) International Publication Date
22 June 2023 (22.06.2023)

(10) International Publication Number

WO 2023/111757 Al

WIPO I PCT

(51) International Patent Classification:
GOIR 33/09 (2006.01) GOIR 33/00 (2006.01)
HOIF 10/32 (2006.01)

(21) International Application Number:
PCT/IB2022/061689

(22) International Filing Date:
02 December 2022 (02.12.2022)

English
English

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

(30) Priority Data:
21315282.0 17 December 2021 (17.12.2021) EP

(71) Applicant: CROCUS TECHNOLOGY SA [FR/FR]; 3
avenue Doyen Louis Weil, 38000 Grenoble (FR).

(72) Inventors: STRELKOYV, Nikita; 17 B chemin des Sétérées
du Dessous, 38240 Meylan (FR). TIMOPHEEYV, Andrey;
19, Avenue General de Gaulle, 38450 Vif (FR). CUCHET,
Léa; 28 rue du Dauphiné, 38430 Moirans (FR).

(74) Agent: P&TS SA (AG, LTD.); Av. J.-J. Rousseau 4, P.O.
Box 2848, 2001 Neuchatel (CH).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, 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, IQ, IR, IS, IT, JM, JO, JP, KE,
KG, KH, KN, KP, KR, KW,KZ, LA, LC,LK,LR, LS, LU,
LY, MA, MD, 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,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,7ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
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,

(54) Title: MAGNETORESISTIVE ELEMENT HAVING HIGH OUT-OF-PLANE SENSITIVITY

}—24

230 II

23
31

26—

22

210ﬂ —211

LT TO T

mmmm—-7>212+21

22—

21011 1+—213

—25 60

Fig. 1

(57) Abstract: The present disclosure concerns a magnetoresistive element comprising a reference layer (21) having a reference mag-
netization (210) oriented out-of-plane; a sense layer (23) having a sense magnetization (230) comprising a vortex configuration stable
under the presence of an external magnetic field (60) and reversibly movable in a direction out-of-plane relative to the reference mag-
netization when the external magnetic field (60) varies in a direction out-of-plane; and a tunnel barrier layer (22) between the reference
layer and the sense layer. The sense layer has a thickness smaller than 200 nm. The sense layer (23) comprises a ferromagnetic material
configured such that the sense magnetization is between 300 and 1400 emu/cm3 and such that the sense layer (23) has a perpendicular

magnetic anisotropy field that is greater than 1 kOe (79.6:{103 A/m). The present disclosure further concerns a magnetoresistive sensor
comprising a plurality of the magnetoresistive element.
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