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In-situ observation of the graphene through the thermal decomposition of silicon
carbide by shcrotron surface x-ray difraction
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I have established the in-situ observation method by synchrotron surface x-ray
diffraction in order to investigate surface/interface structures during the grphene growth through the
thermal decomposition of silicon carbide(SiC). Firstly, I identified that Bragg peaks caused by SiC
and/or graphene and a superstructure reflection caused by buffer layer lie at geometric positions.
Subsequently, 1 performed the in-situ observation of the superstrucure reflection combining the
custom-designed furnace, multi-axes diffractometer and two-dimensional detector PILATUS. I considered
that obtained temperature changes of the peak profile were explained based on the growth model widely
supported. As a result, I have successfully proved the practicality of the established in-situ method.



B XL C—19, F—19.

1. WFEEBRAR S P DTS =

7T 7 0%, WHHRT S A ZRfRRE L
THIFF S AL, R T LW B B 23T
DILTWVWD, FRICTRCKTiX, 5% 104E[# T
1300fEH & v 9 BEREDOMF IR E &N EE S
TEY ., EEAMHOBLEND HARNEITT
HIeOILH, TNAAARAMEZ DT T T =
DOEEMGITBEORETH 5,

Bk &2 7o R O W T SICEVMIRIE I, -
BRER BICESEFER T, O KEMET
EAER T T T = NIRRT RE R AL L
THEHSNTWS, ZOTFETOENEL
(21X, 2000 CHE B2 DBEIRBREE & Sif-5
OFEINLETH S, KREMETEWE RS
S 72 D E e ARFEO - HITIE.
PR CoORM - S DAL OFER
RNV ETH D, EDTOITIEL, EER
BRI CTOZOLBIENEE LY, LiL,
SiCEAY 15\ )i T & D % DGBIER A
IHNETHENY L TWRotz, KEZRHH
LT, RBICHWEN TWAE TR
ﬁ#fi PR SRHRPICAAET ASi7 L

CEVEFPEELEINTLEI D TH S,
% T, ARWFZEBRIA Y ), Fd e D & RO
FXHRIZAE B L, BEXBREPTIC X D RES
R CoRRE - HmiEsE o OLBlIEED
W ZBIETZLIC Lz, BEiEE(~
1800 C) TOZDOLGBEEOHNTIZ I ET
el FiEE L ToOHEFMERES W, INZTH
AR HHRIZFE HSPring-8STIEV HEN D 5
BEE RS2 RIAT D 2 8T, WIERES
TR E CRET DRI RE RO THY
COFEOWNIL LT, VT 7 = E
AT = AL DFEM7RBFRIZ D723 | IRIE
U 7= fe i BRI S % RBUMBMF I 7 ¢ — R
Ny 73T5Z LT, R flﬁgl:j'fl—mu
7T 7 2 BRELT, A HBTED
Z RIS,

2. WHEOHB

SiC ByfiEZ AnWizo e v - 7
Z7 7 2 VREIZBWTC, KERETXRIED 720
757 ORE et AR, EXI5HA
NAFTTEBE R T —~Th b, TDT=DITIE,
SiC RmMEECHKRERE, BFHRAR e &%
LR E, 7772 0 REEFA L~V

TXOHBEL, KEBREEHLNTTDZ
ERBETH D,
ABEFEO BB, TS e m Xar ik

AW BERSIC BSiEIC L 7T 7
= VINEDZEDOGBIEE) BT A L
Th b,

3. WHED ik

RO B EZERT HT-HIT,
EHAREL TRV HEAT,

(1) 777 =X OS82 B IR
EF OBERE IEEE

YN

Z—19 (dm

)

(2) 2 XGHRRIE BT 3288 0 B Stk DR R
(3) mHEEE S X E W T T 2
& D F DB

4. WFICRLSE
BROE L7 E T
Kikwéo

(A ST FERCR 2 LU

(1) /INRUINEVE O BEFERE
777 2 REBBRICBWT, KERED
ﬁﬁﬁ@@f@%f%éo%dﬁPwKié
FINFR N 0D I R0 0D 4 i%%ébt
ZOFERZEK 1 1RT A, 1800°C D & R AE L
THIEFITLE LI IR EHI A 23 AT A T%é_
ERboroTz, WIC X #E AW TEPTERD
FREMEIZ DWW TEHIET 572912, HEBRERD
DU s [ 47 5L B D A CURE SR T H B Sic
D& EBOIREENEZRE LT, a, c o
BRI FAFAL 11-20 (ROHERED), 0008
Ko GEIBRCE) P HIRE LT, Bb=&IiE
ETORFEEMNS, BIROKFERE DR
DIRJEWAEMEE LT 2, 31077, a, ciil

2000 [

1500 -

1805 | B
1000 -
1800 | B
[
L 1795 | B
1790

0

Temperature (°C)

o
=}
S}

0 1‘0 éO (;0 4‘0 50 60
Time (s)

1 ANENENE o 18 EE HilE o — i,

HHEBRN T 0 ST LER LTINS,

1.009

1.008 -
1.007 -
1.006 -
1.005 -
= 1.004

1.003 -

y = 4.98x10% + 1.00007
1.002 | —

1.001 -

1

0.999 . . . .
0 300 600 900 1200
Temp. (°C)

K2 afilOFEEDRIEITH T D HOEEE(,

1.008

1.007 - @ st
A 2nd
1.006 - M 3rd
1.005 -

1.004

c(M/epr

1.008 |-
y =5.20x10"% + 0.999

1.002

1.001

1

0.999
0

300 600 900 1200
Temp. (°C)

3 c DK T EBDEIRITKT D L DIREZEA,

oS Y NESL1:



EBICHRIBICELL TRV, BMIEEREIX
5.0x10°FRE L AL LN TE 2, ZOfE
X, ZHETUOCETTHREENTVAHE
CIFIERICCTH-T[1], 2oz b, HifE
L 7= /NRUINEE 2 FI O C IR EBR S AT RE C b
HZLERTZENTE,

Elo. ZO/NIMMEYFIZ X 5 SiC BRI
L5777 =2 UEIEOEMH L AT 72, SiC
FEMR 2 sehiee SR, FEAR AT R & IR 0O 2 ThR
% H#H4 % face—to—face ¥E[2]12 X A IE
R Tm, VERLLT=7 T 7 = O IEEE
%A 4(a) 2T, PRSI TRD &
JEOREWNEEIIRLS 250, REREOH-IE
Wy T ARFERKE ST > TR -
Tz, B ROBRAE TR LULEHERD 7 Z
T DIRBEEFARD =0, T~ AT
FLZHIE Lz, B 40)ICFDANLT h v
%T07§7iym%@a 2D B — 7 APEE

WCHILTWB—J, KIaHERkD D v — 7 iﬁﬁ
RTE W, iE- T, face—to—face {EIT
Z O/NRDINEE 2 -V, FERL fﬁl ﬁ
=TT T2 N TE S EREIESN
7.

(a)

<*<,<<1:11~|

(b)

4 face-toface EIZEVIERLL 77T 7 = > D(a)

FEAEES L BRI TD T~ AT L

(2) GIXD{EIZ & D F DGEIE O Tf £
GIXD %213 . SPring—8 BL22XU |2 CTHT - 7=,

B FH PIPT R O Fed S5 OERER L, R
JVERRS A SiC e &, Si i1 -2 4 %F&

T 7 2B E LTEEREHWTITo 72, /)
FUINENFE X L7 v o 7228, I e B 2%
DOHIFIZERE L, <11-20>, <10-10> 257 UM &
THETE 5 L2112, A= R/LF-% 20 ke,
BASFAEL 0.1 ~ 0.2° ,E—AY A X%
0.1 x 0.1 mm® &E L7,

SIHTHDIT I 7z REITo 22T v
BETHY, THHENRE T 7 22 L3 30°
FHERL CWDH Z ERHMBINLTWD, Z DG
OlEERE, EEEICERmEITTHELONL E—7

MEICKRESBRT S, 22 C.SiC &7 T 7
=2 ® 11-20 KON 10-10 K28 L7, #
NZENOEY—IEEER 1 ITR-T, ¢IZiEH
T 5 &, W O CHEEORH I3 307 OfF
R Cxbs L TR Y, RrEpy 2@k %
NENVBHBT A EA2MRTE, LN
ST, 77972V EERIOEKRTH 77 =
YOE—ILEEED H L, RN IR E
ICHiHSE 22 T < 2 & T, REWHIND
DZEDGENARETH D Z RN bho T,

F1HBALIEZSICEVT Tz rDE—IAiE,

20 ¢
10-10sc | 13.319 | 37.159
11-20sic | 23.155 | 12.097
10-10graphene | 16.723 | 8.8571
11-20graphene | 29.235 | 45.091

(3) buffer & H kDM - H D Z DO 22
INRUMENF & Z R E 2 A s b, S
HIZ TR ICH SR PTILATUS 23 A L. buffer
Fm%@ﬁ%%&%t 7 ODIREEEZED
UGBl Lz, ZOFEON, FrICENHE
WCHENTZH DOEK 5 12RT, (a) IZBIERBH AN,
(b) 1% 1200°C. (¢) 1% 1500°C T BN - Rt
W THY ., MOLESEIZHI > THELA
MRKEL 72D, iz, AHBTERIZB T HE
*%%Ji%ﬂ: B TRLTWS, B—I4f
WCHERT 2L, ®iBICRDico T, B
ﬁ%% 7 hLTWB, ZhiE, EE
WY BMZIEDIRTH D B2 6D,
WKT E—r07m 7 A VIERT L L,
1200°C CHEBRIZ 22D . 1500C CHRIZ > X Y
ELTWALEYIZARZA, SIHTDY T 7 =
VIR E L TR O XFENTWS 7 ek R,

%

start B 22°C

X5 ORI
1500°CIZ

X %) 22°C (b) 1200°C ()
B A@BHETNHE—7, SR
2CTHOE—I M EEZRLTWD,



F 9 buffer BN I1L, & HIZ buffer J&
O T ThHfRDHETe & | buffer EAHEEL T
FT7 TR FOETIISHE LV buffer 8
NEREND, EVWHHD0THD, Z07 =
v 2% EZ 5L, buffer @D A L E
PERKRbND -0, BT EE—7 13k
\ZIRZ Y . F D% HT- 72 buffer @D HHEIZ X
VHEY—7 L LTHBTAEEZOND,

AEZ OEBERIC K-> TR LR EZE(IE,

FR L7k E7T e 2B A2 T H5HDT
HD ST, L VFEMZRMEZTTH 2 & T,
SiC B fRIEIZ BT Ak EmRE o R m - fm
IEZ O M TE D et 2 R 3 5 fE 5
157,

—J7. 1500 C CTOIHEMED v — 27 23
L7z, ZOE—27 1%, REMN buffer JEHKD
RBAE 1B & — 7 B & bl U C ML R
SHELE ST TS Z Ennb | MlESE
TWD SICIZ XN Yoo Z & THEL L
LEZOoND, ZOX O RE—T IAKHR
T HRETIERL, XTS5 SiC ERDOEE
HBEZDUENDH LN, SHOWETH D,

4) F¥io
DEDOREZELT T, KFEOHBTH -
7= THH e X BRETE 2 V- &R
SiC BB EIC L D7 7 7 = VEDZED
BBIEIEO ST ) 1TERTE 2, 61T,
buffer J@H KO T RIHE—27 DZDY;
BEND  EREICBIT ARG - RiEisiE
R CX A RREME N R I T, 5%
DOFEEZHNT, SiC, /T 7 = D Bragg
St E buffer J&HEOBH I OZD
BB 2952 L2 X - T . SiC B iRk
L2777 2 REOFEMBEEA =X
LOMEBHL . TARAL RETHENE S T
T o DREMIEIC DTN A L BRI X
ns,

<H| ARk

[1] S. Sasaki et al., Materials Science
Forum, 717-720, 481-484 (2012)

[2] C. Celebi et al., Carbon 50, 3026 -
3031 (2012)

5. FEpFEEFmCE
(W T H . BFFE D fHE K O 22381
IR

Cdessamse) (B 1 1)

(D M.Yoshida, Y. Kutsuma, D. Dohjima, K.
Ohwada, T. Inami, N. Ohtani, T. Kaneko
and J. Mizuki, ‘Development of the

compact furnace for the in-situ
observation under ultra—-high
temperature by synchrotron x-ray
surface  diffraction’ , Materials

Science Forum, ##td» Y, 858, 505-508
(2016)

doi:10.4028/www. scientific. net/MSF. 8
58. 505
(PR E) Gr31)

D M.Yoshida, Y. Kutsuma, D. Dohjima, K.
Ohwada, T. Inami, N. Ohtani, T. Kaneko
and J. Mizuki, °~ In-situ observation
of the SiC surface during thermal
decomposition by synchrotron x-ray
surface diffraction’ 16
International Conference of Silicon
Carbide and Related Materials, 4 - 9
Oct., 2015, Giardini Nexos, Italy

@ ZEHEHELE, SRR, AERIRE, EEK

H, BB, KFIHHE ., AR, £
FEERS, RBRF- BB, AKRH—RR,
R X BREIHTIC L D Sic By R
DZDBHBEIEDOBFE ] # 62 BISHY
PP RPN 2016 F3 A 11 H
-14 H. HERT (R BT

® M.Yoshida, Y. Kutsuma, D. Dohjima, K.
Ohwada, T. Inami, N. Ohtani, T. Kaneko
and J. Mizuki, ’ Development of in-—
situ observation method of the
graphene growth by synchrotron x-ray
surface diffraction’ , European
Conference of Silicon Carbide and
Related Materials, 21 - 25 Sept., 2014
Grenovle, France

6. AFFERERE

(D) WFgefs
=ME  MEPE (YOSHIDA, Masahiro)
BEPEBe KT - B TR - i EArsE B
T 9E 38 & 5180634500



