a2 United States Patent
Hong et al.

US009371234B2

US 9,371,234 B2
Jun. 21, 2016

(10) Patent No.:
(45) Date of Patent:

(54) METHOD FOR PRODUCING GRAPHENE AT
A LOW TEMPERATURE, METHOD FOR
DIRECT TRANSFER OF GRAPHENE USING
SAME, AND GRAPHENE SHEET

(75) Inventors: Byung Hee Hong, Seoul (KR);
Jong-Hyun Ahn, Suwon-si (KR); Ji
Beom Yoo, Suwon-si (KR); Su Kang
Bae, Suwon-si (KR); Myung Hee Jung,
Suwon-si (KR); Houk Jang, Suwon-si
(KR); Youngbin Lee, Suwon-si (KR);
Sang Jin Kim, Suwon-si (KR)

(73) Assignees: Graphene Square, Inc., Seoul (KR);
Hanwha Techwin Co., Ltd.,
Changwon-si (KR)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 473 days.

(*) Notice:

(21) Appl. No.: 13/810,144
(22) PCTFiled:  Jul. 15,2011
(86) PCT No.: PCT/KR2011/005213

§371 (),
(2), (4) Date:  Mar. 22,2013

(87) PCT Pub. No.: W02012/008789
PCT Pub. Date: Jan. 19, 2012

(65) Prior Publication Data

US 2013/0187097 Al Jul. 25,2013
(30) Foreign Application Priority Data
Jul. 15,2010 (KR) ccevvervecrreernenee 10-2010-0068634

(51) Int.CL
HOIB 1/04
CO1B 31/04

(2006.01)
(2006.01)

(Continued)

(52) US.CL
CPC oo CO1B 31/0453 (2013.01); B82Y 30/00
(2013.01); B82Y 40/00 (2013.01); C23C 16/01
(2013.01); C23C 16/26 (2013.01)

(58) Field of Classification Search
CPC ...... HO1B 1/04; CO1B 31/0453; B82Y 30/00;
B82Y 40/00
USPC ... 252/500-519.1; 423/448; 427/249.1,
427/249.6, 255.28; 977/734, 842, 890
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2005/0081983 Al* 4/2005 Nakayamaetal. ... 156/230
2009/0011204 Al* 12009 Wangetal. ... 428/215
(Continued)

FOREIGN PATENT DOCUMENTS

CN 101423209 A 5/2009
Jp 2004-030926 A 1/2004
(Continued)
OTHER PUBLICATIONS

Wang et al. (“Synthesis of Carbon Nanosheets by Inductively
Coupled Radio-frequency Plasma Enhanced Chemical Vapor Depo-
sition.” Carbon, 42, p. 2867-2872, online Aug. 14, 2004).*

(Continued)

Primary Examiner — Tri V Nguyen
(74) Attorney, Agent, or Firm — Greer, Burns & Crain, [td.

(57) ABSTRACT

The present invention relates to a method for forming
graphene at a low temperature, to a method for direct transfer
of graphene using same, and to a graphene sheet. The method
for forming graphene at a low temperature comprises supply-
ing a carbon-source-containing gas to a metal catalyst layer
for graphene growth formed on a substrate, and forming
graphene at a low temperature of 500° C. or less by means of
inductively coupled plasma-chemical vapor deposition (ICP-
CVD).
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FIG. 2
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ETCHING SOLUTION
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FIG. 3B
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FIG. 12
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