wo 2012/109051 A3 || 000 0O RO 0

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

16 August 2012 (16.08.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/109051 A3

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
HO1L 27/115 (2006.01) HO1L 21/8247 (2006.01)

International Application Number:
PCT/US2012/023266

International Filing Date:
31 January 2012 (31.01.2012)

English
English

Filing Language:
Publication Language:

Priority Data:
13/022,233 7 February 2011 (07.02.2011)

Applicant (for all designated States except US): MI-
CRON TECHNOLOGY, INC. [US/US]; Mail Stop 525,
8000 South Federal Way, Boise, Idaho 83707-0006 (US).

Us

Inventor; and

Inventor/Applicant (for US only): GOSWAMI, Jaydeb
[IN/US]; 2749 East Gloucester Street, Boise, Idaho 83706
(US).

Agents: FLORES, Jesse M. et al.; Traskbritt, 230 South
500 East, Suite 300, P. O. Box 2550, Salt Lake City, Utah
84110-2550 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(84)

HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, 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, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

(88)

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

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
22 November 2012

(54) Title: SEMICONDUCTOR STRUCTURE AND SEMICONDUCTOR DEVICE INCLUDING A DIODE STRUCTURE AND
METHODS OF FORMING SAME

101

\

FIG. 8

7

116 122 114
N /S

~—110

AY

———106
—+—108

120

A

~—102

(57) Abstract: Methods of forming diode structures for use in memory cells and memory arrays, such as resistive random access
memory (RRAM). The methods include forming a first electrode by chemisorbing a graphite material (e.g., graphene) on a conduct-
ive material. A low k dielectric material may be formed over surfaces of the first electrode exposed through an opening in a dielectric
material overlying the first electrode, followed by formation of a high k dielectric material over the low k dielectric material. A re -
maining portion of the opening may be filled with another conductive material to form a second electrode. The first and second elec-
trodes of the resulting diode structure have different work functions and, thus, provide a low thermal budget, a low contact resist-
ance, a high forward bias current and a low reverse bias current. A memory cell and a memory array including such a diode structure
are also disclosed.



