wo 2015/031444 A1 |[IN I/ 0F 000000 O

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

(19) World Intellectual Property
Organization
International Bureau

—~
é

W

(43) International Publication Date

(10) International Publication Number

WO 2015/031444 A1

5 March 2015 (05.03.2015) WIPOIPCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HOIL 21/306 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. e ] DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2014/052846 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
27 August 2014 (27.08.2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. ) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/871.820 29 August 2013 (29082013) Us kind Of regional protection available): ARIPO (BW, GH,
’ GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: THE BOARD OF TRUSTEES OF THE LE- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
LAND STANFORD JUNIOR UNIVERSITY [US/US]; TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1705 El Camino Real, Palo Alto, CA 94306-1106 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Imventors: IANCU, Andrei, T.; P.O. Box 17839, Stan- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
L SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
ford, CA 94309 (US). PRINZ, Friedrich, B.; 480 Las Pul- GW, KM, ML, MR, NE, SN, TD, TG)
gas Dr, Woodside, CA 94062 (US). ? ? ? T T ’
(74) Agents: JACOBS, Ron et al; 550 S California Avenue, ©UPusned:
Suite 300, Palo Alto, CA 94306 (US). —  with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: METHOD OF CONTROLLED CRACK PROPAGATION FOR MATERIAL CLEAVAGE USING ELECTROMAG-

NETIC FORCES

Positive Electrode

L e e e o e e e e

Negative
Electrode

FIG. 1a

Electrostatic
\” Force

Initial Crack
»

/\/Electric
Field

Negative
Electrode

(57) Abstract: To address the needs in the art, a method of cleaving substrate material that includes forming an initial crack in a bulk
substrate material, where the crack is aligned along a cleaving plane of the bulk substrate material, aligning the cleaving plane
between two parallel electrodes in a controlled environment, wherein the parallel electrodes include a top electrode and a bottom
electrode, where the cleaving plane is parallel with the two parallel electrodes, where a bottom portion of the bulk substrate material
is physically and electrically connected to the bottom electrode, and applying a voltage across the two parallel electrodes, where the
voltage is at least 50 kV and establishes a uniform electromagnetic force on the top surface of the bulk substrate material, where the
electromagnetic force is capable of inducing crack propagation along the cleaving plane and separating a cleaved substrate material

from the bulk substrate material.



