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(57) Abstract: Single-layer graphene having a non-polar crystal plane SiC as a substrate and a controllable growth method. According
to the controllable growth method, by means of epitaxial growth of single-layer graphene on a non-polar crystal plane at any angle of
a non-polar crystal plane SiC substrate, the electrical transport properties of the graphene are controlled by the non-polar crystal plane.
By the controllable growth method, single-layer graphene having ballistic transport propetties can be obtained on one non-polar crystal

plane of a non-polar crystal plane SiC substrate.
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P2 R SR FH A G WA UK (1) B B b 4%, WA R ()R 42 A
3~60um, POGCH J) A 20~250N, ZhJ) I 0E SN EE SR TR Al
30~80r/min. 100~300r/min.,

8. MIHEANAIE R 7 Frid el A Kok, HAREAE T, TR
(RIZE Ay s MR LG NI ok k4% 4 60pum A1 30pm ) BE 35 HEAT BT B3
It HAE BRI s 5 A 100~200N B3T3 00, 5y Sk 3o F5 0 5 4 5 it

12
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435 A 60r/min F1 280r/min.

O MHEACHE SR 4 Tk el s Kok, HAFEAE T, FridHUM
PG AT R RGN, SRARRRAE2A 0.05~9um, i
IRk 20~80N, G EL R G4 984, 3 SkE R 30~100r/min,
PRI ALk 60~3201/mins

10, PR SR 9 Frid iy mr 4 2B K g7k, JLRREAE T, Il pUm
WCHI A g IR LRI kR 2 2 3um AT Tum (1) 8 NIA BT
BTG, OGR4 500 80N 1 60N, 2l )y i3 i A % 45 4 3 4y
%14 80r/min A1k 310r/min.

11, MHEARIEESK 4 priRiy s Korvk, HAMEET, Pridfhss
BB G R 252« AT P 1) A A O, DY s oA 20~80N,
WOCHE I EE A 5~50 ml/min, JCENGRERGEN, )1 LEEE N
30~100t/min, BEHLFEHEA 60~320r/min.

12, WRIBCREER 11 pridmyal 4K 05, R T, ridik
WIS AT A e IR B () — ARG W pH Bk 9~12, ¥l
JGH J1oh 60N, DG N 2 40 mL/min, )y Sk#EE R 60 r/min,
PE R EL L 120 r/min,

13 MRPEACHE SR 4 FriRif el s Kok, HEMEET, Frid SicC
A BB B Ay 3~8mm TESE K 4~10mm (KNS A, VRS AR
[l SiC 4

14, WPEACRE SR 1 rid a2 Kok, JFIEAE T, FridAy =&
It SiC Pk A K, BARGEFE LU D EE:

o} AT IR AR MR f T SiC A JEFEAT FAL

W TAL R )5 (A T B AR S5 T SIC A JEAE EL28 R85 R, 500~900°C
N 20~60min;

BT d AEYE S SiC 4T EAENE U MR 1100~1350°C, N
#20~100min, ARJ5FHE S 1500~1600°C, Ji#k 20~150min;

P i 22 B S A0 S A AT R

15, WRIBCREER 14 pri’dmyal 4K, RHMEAE T, K2

13
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A B [R) JIT 3R | EAR A @ T SIC A ESAE L 7S 5 L 500°C R Ak 60 min;

PR e MR T SiC A IAEPE PRS0 M FHE 2 1100°C, A 80
min, RJGFEZS 1500°C, Hn# 120 min.

16 FRIACHIEE R 1 Irid yf K057, TR EfE T, ik
I A2 T AR R i it SiC 418 BRI HLA oA [ & a7 AR K, Bk
AHE LN PR

o} AT IR AR MR f T SiC A JEFEAT FAL

B TAL R IS (A TR B AR S T SiC Ae JES iiEda: 10~100nm & 1175 HL
s

BT AEN Y E I SIC AT AR LIRS, 78 500~1000°CH i #4
20~60min;

BT A YE S T SiC A AR AU T FHR A2 1200~1400°C, N
#20~100 min, ZRJ5FHE S 1500~1700°C, M4 20~150min;

P i 22 B S A0 S A AT R

17, WRIBCRER 16 Fri’d el 4Kk, WRHMEAE T, g irid
MR G T SiC A SAE LA BN B, £E 800°C K in#k 40min;

KB ER AR 1 SIC A RAETE RS M R 1400°C, A 81
min, RJGFHIEZSE 1700°C, Jn#4 115 min.

18, HRIACHEEK 16 Frib iy 5K T77%, R IEAE T

iR W A2 R LI BB TN I -

19, —FhRIFHUAF)ZESR 1 2 18 AT7—T5 I3k 1) PR 2 A0 2245 (X Al
P AT VRIS PR A0 M

20, —FPEARRRAIE S D SIC AR RIS Tk, SRR IEAE T, BFERLR
.

MR — AR S RS (0001) (HiEg (000-1) (RIS, KiEHEaNI
A LA T SIC BRI AR, RN LT FTiE SIiC AL 2T V) #)
153 SiC s

PR SiC i R AT W B . LB S AL 2=, 75 211G 1
TP R AR AR A Y 1

N

14
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XPITIR SiC & b AT VIR, 19 B Pl AR M & i SiC 4.

21 ARFAHMZR 20 Frik sl &k, HAREAE T, PrdaNia
R 1RAE 0.2~0.8 mm, LN 1.5 ~5 mm/min,

22, ARAHMIZR 21 Frik sl vk, HAREAE T, IrdaNia
282424 0.6 mm, BEZ5TEE N 3 mm/min.

23, ARWAMZR 20 Frikpd &k, HRHEAE T, BTkt B I
MR = R A WA R ) B S A AR, WA R (R4 A 3~60um,
YOG J) N 20~250N, By k3 N B 5 4% T 43 i) - 30~80r/min
100~300r/min.

24, MRAMZR 23 Pk pd &7k, HRHEAE T, BTkt B i
S Ay MR A WA Rk 42 25 60um A1 30um 1) BERL AT S, JF
HAEREEE B 6 3 AN 100~200N & ET38 0, 2l ) S35 5 R0 5 Bt e 3 43
%4 60r/min., 280r/min.

25, MRIEBCHER 4 Pri’ il ik, HRHEAE T, Frid bbbt
AR RGN R, SNSRI AR 0.05~9%um, JGE
14 20~80N, JGHE A 22 g4, B J)E B R 30~100r/min, JE A
ok 60~320r/min .

26, ARAHER 25 Frikpl &7k, HRHEAE T, Frd bl
FEIIEAT N IR BA NI BUR R 4200 3um AT Tum [¥) & N4 Bt
THOG, POETE 3R 43 51 8ON FT 60N, 2y Sk T8 0 B 45 4 38 49 )
A 80r/min A4 310r/min.

27, ARFAHMER 20 Frik sl &7k, WAL, P @l
BIG I A AT A B ) A O, IO o 20~80N,
PG IR EA 5~50 ml/min, IOCEABRERLN, )1 KELR
30~100r/min, F&#L5ETHE K 60~320r/min.

28, ARAHMIZIR 27 Frik s &k, WA T, I @l
BRPLCIRSATh s BTk i) AR A O ) pH Bk 9~12, DG
JI24 60N, G INIE By 40 mL/min, 275 K&y 60 r/min, FEH
ok 120 r/min.

15
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29 MRAEHCHZK 20 Frd il ik, HAFEAE T, g SiC i
A WDIER K E Ny 3~8mm. T8 A 4~10mm /55 R, A8 A ARAR M )
SiC 4} i

30, — PRI HWAURIZE K 20 2= 29 (TR id AR 2 fn - SiC
Aob JEG P #6147 v A AR AR R i 1 SiC AT iR

16



WO 2020/172863

-
-
.

1/10

. -

-

-

-
-
-

-
-
-

.

-
.

i
i
-
-
-
-

-

F
|

PCT/CN2019/076541



PCT/CN2019/076541

2/10

WO 2020/172863

]

-

-
.
-

-
-
-

-

-

-

-
.

.
-

-

.

-

-
-
-

.

-
-
-

[

-
-
-
-
-
-
.
-

-
-
-

-
-
-
-

-
-

-

-
-
-

-

-
-
-
-

-

.

-
-

-

-
-
-

-

-

-
-
-

-

-

-
-

-
.

-

-
-

-
.

-
-
-

-
.
-

-
-

-
.
.

-
-
-

-

-
-

-
-

-

-

-
.

E

-

-

- 1

-
-
-

-

.

-

-

-

-

-

-
-

.
-
-
s

-

-

v

-

.

.

&

ghanlict




WO 2020/172863 PCT/CN2019/076541

3/10

g 8§ 3

g

10 ; «
\
a 5
N A W

o) 2% ] 5 1w




PCT/CN2019/076541

4/10

WO 2020/172863

i - i

i i . ,: .

- N.z..

p i

Hanaiene .“mwu.“.,
S o

- w. o ummu...

- ,,

m. i %m.%.mmmm?"w.

,

. - - ,
- - ."...q...m..ﬁﬁu:.

e .
S - ,r

i *
. .n..r....;,:u. -

,,

-

53

= ,,,... -

-

e

.

s,.f.

,*p
R e m.umww...

- - .N P ek
,, , , s

g

e i

e o .
.

m

*..

e ;..ﬁﬁmmmm.w

*, ..ﬁmﬁma......"..r.."
R
.
n i

% ,

.wu..u.ﬁ.ﬁ..u., = - "m"mmmm.wmm%.ﬁu
- - i o

o ,

- m,..um

ﬁ.." o ﬁﬁ.z
e
-

..mn.u,u..n...umm.w....

ATy

i ,
G Es e
. **

ot

- m..n,..um.m..mm.ummﬁ.ﬁﬁ"mﬁwx.ﬁﬁx ",u..é..u.. e e
L
. - e .

u.u...ﬁm_.“..n... . £

o
umum&..é".ﬁﬁ

- ........:.zﬁﬁﬁﬁ...unﬁ.a.....

SR - G mmu.. - .....".".ﬁ... -
. - S

,
..ﬁ."."...,...uéﬁﬁ.

oo

i Z, .
,,
- =

b ,...... ,

. un, uum

-
:,, -

, pﬁ,
e

.. - * ..

: -

: : i

e

SUBSDG B.G{Jk\f 5.9mm XSOD SE 113061‘2018 16

8



WO 2020/172863 PCT/CN2019/076541

5/10

ARG IES S N5

120} i

wf [ ey g
~ wof v RiliEcH
3
-~ G0 F
M L\
s 40t 20 Peak FWHM = 28 8 at 2695cm’!

A
,

b 4

ity

1200 1400 1800 1800 2000 2200 2400 2600 2800 3000 3200 3400

NeNE (o)
A 9

K 10



WO 2020/172863 PCT/CN2019/076541

6/10

R mBRALEE LA 8BS0 H R TE RN e+~

g

=
=
8,
g

¢

g

/R (Q)
(1) HrEgm

:

i i ¥
8U8230 1.0kV 3.7mm x1.00k SE(UL} 04/07/2017

K 12




WO 2020/172863 PCT/CN2019/076541

7/10

A RIS BRI S A 158

120 ‘

100 EMMHE
8

-
S |
= |
&, \f — BRI
20 l»\wf 2D Peak FWHM = 39.8 at 274%¢m”! |
0

1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400

MBAB (cm)
K413

K 14



i B R o
- *, m* *** ,;

*.

u..."....,x..ﬁ...."ﬁué."m.n..mm... ..ém.m
.

..uu. *

i , e

'*,

- e
: .

,

,*

PCT/CN2019/076541

8/10

*

4000

.“.%mmyau -
b

G o e

S *, ,,:

** e

,: e

,

m.ummﬁa. -
.ﬁﬁ

,*

o

e

i
3800

"‘a
*.

:;

,

*.

. .h -

.. -

*'

.ummﬁ.....u."mm

.?

m

, Z

i
3000

....:::.y
-

%‘

i m@%mas

- .:*'::::' .

o
.m,

. .

o

.

- ."..u..."w.ﬁ.uéﬁ. ,
e

m

.mm.mmmmu#u -

e , ,* ,

. ** : _
, .:..; - -

,..,** ..:u.n...:..u. . :.nnurun.. -
M,, B ....é..n.mm." i

FWHM=42 53508

i o .
**, o

o = .ﬁﬂ,

o i , i .
o i..u..

. ..ﬁﬁi..m

'Iti
=

x<:

;?e%p .

:.:.:::.nu..u..
. mm.mmm ..

*

,w
.
, .

o
.

o

.

i
1500

*.

, un.ﬁ..n...

i i
2000 2800
PBAE (o)

-

m.x.ﬁ . m,
i *,, .

i .aw%m..umm...

,p

,a*,p

i
1600

*ﬁ

*.

WO 2020/172863

.ﬁﬁﬁﬁﬁﬁé......."
, :
: pm

. m , ".."mwuﬁﬁ..wm
i e
- “w. .

uﬁ.m“mmz.w - .umm

-

-

G

L

,:

('nUe) BE

,

- ;;..

mm

-

-

*

.ﬁ. mm*." ﬁ.ﬁﬁuﬁu,nu - i: *

" .zumum

s i * e

SUSSOO 1 VSOK\:‘ 5.2rnm x‘l O.{)k SE 0?31 ?f2018 15

HHE _p , , ”,,
Gae e R GEpaieel e

16



WO 2020/172863 PCT/CN2019/076541

9/10

4000
_, 3000
#2000 | .
e | E
{
1000 | |
. «\u‘%‘wm«a@e-a'«»-w.v.'-‘}“; :«_‘_ uwf ;\MfinM =43,239
1000 1500 2000 2500 Lrfa-359

PEAHE Cem?)

K] 18



WO 2020/172863

/KW (Q)

10/10

PCT/CN2019/076541

WiHEE (

-2

K 19

,_;Q buw i

)

s’w ¥ 1 L § ] 14 L | 1 1
* * * . . * * * *
R 3 * . L3 * - *: * ¥
. . . . ' ‘ ' . p
" “ . . . ‘ e . .
QOO0 K« vrcons o mumsivan s puanasa meie vahing v ae wia sl sveh oue s enis baige s v e
. . « M M . . M v
- x * . £ ] » £ £ 3 x
v " . - u . . i .
. ¥ ¥ - . . ¥
SO0 35+ vnms o drvsomve s b wovs dvevosvan Lowin swsiel annn v anls wivivs cagh v 7
.. * + [ * * * .
* * * * . » £ 3
. * . * £ * * *
* ¥ * *® . s * *
2w L AR E RN e R RS ERE BRI AL ERIENEESEE R EHL I X E N N » £ - e w e w v
" . - . H i - .
“ M . . " M M B
M N . . M . M K
* * * * * *. * *
1 PR SRR APPSR, S G R [P
. » € * b ! ) . x
- * * * - . . *
* * * . * b * *. *
" . M M . . . . K
N N p o & ‘ ¥ M
T R N Fan vwe us waain wwa DN wisiain s el cwne s
. . . . . M ¥ H ‘
. K M . . . . . K
. " » H
. . . M
,? Ve Priais wiaaE P e b ——— K‘VF-t v P
- * * L4
" ¥ M
: - : ——@4K Vg=0V
» * - L4
* * *
200 - «ne e e e N AR Y -—u—@4&Vg_~= 10V |+
. « .
. N M
. M
A ———————————————— . —————
=30 W2 o s s v lamasainen ] wnea ey nane ey ese s e
. . . . N .
M . . M . K
* * L * * *
¥ * L L3 » *
'+ ..', e s b st Praranas ahdssensis Faasasse s fesesanaih nsuseny v eeEe 0w d
* * * [ » *
* * * * * *
. . ¥ M . .
X ¥ : K M ‘




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2019/076541

A.

CLASSIFICATION OF SUBJECT MATTER

HO1L 21/02(2006.01)i; C23C 16/02(2006.01)i; C23C 16/26(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

HO11.21/-; C23C16/-

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, EPODOC, WPI, Google, STN: #l3¢t, #MiE, non?polar???, M, 1R, F 5%, epitaxial, BRILEE, V)%,

graphene, silicon carbide, SiC, BAR, polish+, paint+, coat+

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

C

ategory*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X
scattering”

016301

LIN, J.J. et al. "Effect of 6H-SiC (11720) substrate on epitaxial graphene revealed by Raman

Chinese Physics B, Vol. 22, No. 1, 31 December 2013 (2013-12-31),

1-3, 14-15, 19

scattering”

016301

LIN, J.J. et al. "Effect of 6H-SiC (11720) substrate on epitaxial graphene revealed by Raman

Chinese Physics B, Vol. 22, No. 1, 31 December 2013 (2013-12-31),

4-13, 16-18
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

[1] Regarding claims 1 and 20, see details in Box IV of Table 237

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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