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Nanoscale deformation dynamics and atomic structure of ceramic materials
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Through a combined study of in-situ TEM nanoindentation, atomic-scale STEM
observation and theoretical calculations, we studied the deformation dynamics and atomic structure of
ceramic materials. The deformation microstructure of 4H-SiC was investigated by in-situ TEM observation.
Deformation-induced phase transformation was observed by HRTEM. By using electron irradiation induced
phase transformations, nanopillars were induced into SrNbOx matrix.



¥ X C—19, F—19, Z—19 (&t
1. WFFEBRAA S0 DTs &
57 AT RLX— - BB TN

A AT EZIET DT 55BN TARAIKX
IRRAFEMELE LT, ZOEEMEN AN
FORDZERBIZ L B2V R Bk S v T
Do ZOMEHMEEEMED M EOEBIZIL, FFIZ
EEMEH R Tt/ ® 7 I v 7 26K
B WCRESEEMEICER T 2 41 F
27 ADFRF B WA S 5 IR
oL FR A & B S CHERGE - ek
A H I T E 2008k L oo TN D,
BN T 2 ETE X A F 7 A (S
ERbi St c N ~O X ZHER, v~ 7 r 1L~ X
HOE RN, HE RGN E) (BT 5 0F
FEIL. THMBHBREY) o—# & LTl Hb
NT& 7o, BRI, BB S I
BN - BEETREE Y, & BICHRAIBLR TR
JBSE7Re - BEETELEEN, —FHD
AR BLIS D D [EAR B AOEHIERE 7 23 55
fili e 720 | WEWSE DRSNS, L
L. 6D 7% A XERTH DR -
J B ORHRAEE) TAPBHRES:) ICE - T
XA EEERE CHh Y | T 1L
XBIFAEN L/ 0 LoULRIEREICE S
BIGHREE X A F I 7 ZADFBRITHONWTE
fir & THEOWEMNS b+ I RSN T
Wi, EFOBBEO—2F, J T T/ A—
Z—TOME ) FFHREIT O R INT & - 72,
TEM Z W APEHT 61T DAk < e @hil) 2
O OGBS TIEL, 2k TEZ < O
WRHE S, EVDITRARNEBE L TE T
I8 CTh D, MBI FEE IOV,
ZORELITPTH < 1960 FEREY L 0 HE
BIEE TS A& BB OB
AN SIYRAY R AT Ultel Sl aAY T AN TN
FRAHERT) TH Y, BRI D 7
FH -« SEBCHEANL AR AR 72 &3 o fiR e
THIE S, AR OMNLIZE B L2,
LiL. B7 2 v 7 A ENI&BME & Bin
D HEVER R T D Z & o B EBMEZE TN iR

ii))

W NE <L & BRI AN T EIN T C i
B 570, 5k 7 a2 HEFiE TR

DiERRBlE NN TCH T, £ZTH LA
JLCRUBH 8 il 48 23 AT B 72 B = > 34 - BKE)
WEDEIOFT /AT T —va vikE
L LAY N G O AR A S ab STh Y 7 U
A TEAREE D TEM % OGBSI N AlRE & 7 o 72,

2. WHEDOHK

AWFFE T, FRE MBS 0%
AT T = a UEE R TEAKENE
7y 7 AMBHI B T 2 B 72 2
WL AFI 7 ADY TIZ A L (F) G
BzATV, EARR i Tk K 2 Kk % 72 8)
¢ B [ & S - S50 ES) - 4 T RBR K -
PR OB BRI ) 2B 5, [FARFIC
JF 53 R RE A AL 0 BE T DR B L 2% & Bl
FHRZ O L72MBERG - B m 20
WEOTD [T I v 7 ATBT D EBME
XA F I 7 AL - BIREBOFER
PE) 2R, B - B A e L
THPRHBREES ) OFRRILE BIET 2,
3. DIk

AT TIE, TEMZE DA T T — 3
VEEDEAWTET Iy 7 AR O
VeI s ) [ atvxy—o ) &R
ETDEMIES A F 7 AT HEH%
[ & R RO R - S50 EE) - S5 RE AR -
PSR EAER ) 23Rk LT <. S HITHT
HEE G & BRER I & R L C Wiy T4
BHREES: ] OFA iR b2 Aimie,

F/ 4T o8 — (GIESESD)

Bt E R
IS AR

VBT i

NZEERY—)!

K1, /AT orTF—aELoTET
v I APIZAE U DEMIESY A F I 7 ADFE8%



. FIAvTFrTr—vaskicks
4H-SiC DMt E DA%, TEMIZ XL D Z D
BBl To7. K2 IRENDS L1, Ik
T &N 252 T O 72 B I
bheiolz. ZHUT 4H-SiC REDET
Y 7 ALEIR T EZ R T Th D, F
7o, BRNLOKH bR SN2 o727, 80 B
OIS ST, MUNERNETTZ. SHIC
IS EMA D &, ZERITERICER L.
ORI 1T (0001) [ I2% LEETH
D, EZUT(0001) HWNIZAE LT Z &3 h
%. 80 &1 D DR IFEFIOIBR T, EHD
BENEZ 7.

K2, FI)A VT rTr—yaryERTIREEINT
A A5 B TEMGELfo¢ il 4% . (a) - (b) S AT EIIMC & 5 & &
TERL & nta e, (o) IS JIRERNIC £ 2 2 ZUEEIRRER

(2). EREmMOHERBFREINDL L &

HRTEM IC X DB L7~ M3 IR&END LD
2, ZEUeimior o X ZLER T E

AN RSy (sl

E3.+/4y?y?—va£@v%ﬂ%ﬁ@
FZERRBFERESND Z L 2B L.

(3). BR LW~ RIS & 0 FERER
HEINOIMEEFHAL, =4 7@BA b
F 7 L (StNbOx) ~F / 7'v — 7 & T H & IR
BU. BRREALECE R LoV THIBE L Rk
PDRL DT /T — (F /A XDJFFD
FE) % EEIE AT 2RI TR L
F L7

[44. SrNb0, ,0 [110] &
(HAADF-STEM) ¥ & (b) BA#LEF (ABF-STEM) 1%, &tk
EEFFD, NbO6DFEATIE & ¥ 7Y 7 7R T JE v Ag

EHENC LD (a) MEHRE

WZEREE L TWD, (¢) FREHIE RIS 2175
ik (d) BRE T ORFEB G, 3BT SRRz
SFTFEAN, 2-4-4-2JF 1L LTV 5,

SRR REIC L D . SrNbO, , (STNb:0,,)
DTRNVF—PNCLEREEZRR L E LT,
Wz, R E, RGO E e A E R
I BMERIC K 0 B ATV BEREH RS
KT 52 & CKRFINOITCHEFFEEAT
WE L7 (K4da,b), Z 0L ZHESIFREER



N

B B EE D 7 e — 7 (30pA) IZ L S FH
EREIFRINEFATLEN, Yuo—7%
F B L SrNb0, , DR DN B AT
(2 SrNbO; ;  ( SrgNbg0,, ) 35 &L T SrNbo, ;
(SrNb,0,) IZZELT D Z LMD HILE
Lz (®4e,d), 2LV, BZ=pRLF¥—E
FROMSHZ L0 | B RETHICZL L
FHEREREZFHR LD EEZONET,
SrNbO, ;P ZEEMEIT Z N E THE ST
WEEATLER, AROERT [RFTHIC
XRENAFAETE D] WD T ENFNDY
F L7z, ZORSTIEARE LTSRS
TFEINTWETRH, Sy e—7ER%E
T00pAIC BT D & —HomENREI N
SENbO,~DFEERER K Z O . KIROF ¥ v 7
RO LRI RBRTHLIR Yy BT
(atomic zipping) NI I F L7z (X5), 4
ERENETRBIICLL2 DO THDZ L2k
BRI D712DIC, ZOHRBELHETITV, il
I TETHRBSIC LV HEESEZ Y #H
L CEMITHBZHEBLTNS] &W0)
ZEMTMYEL,

i % 400pAlT

LI B R
(HAADF-STEM) 14, #RAE 1L E FHR IR 5 2 17 5 fEIR
(b) HREIH% DR B

5. (a) SrNb0,, > [110] 4

6. (a) BEREMR{LMIC
K, RREHNL STEM OB 7' v —7 %757 (b-d)
SrNbO, , (ZE A &7z SrNbO, -/ BT — i B4

BIF5F €5 —FEF| O

ZOMREICHT AT, BT BT —
DEANZ A L~V OFEE THIE T 5 2 &
NTEET (K 6), 77 D SrNbO, , 1 E5H iR
TR ZRTOIZH L, SrNb0, F-/ 57—
FIXEMMEEZ R LET, S OREELE
INA AT, BEREIMHEE @ﬂ?@té’ﬁﬁfﬁ%/vvﬂ
HIZ JEIRICEL ST 5 2 & TEB SN TE
V., LERSNTVWDRET A 2 DR
MIf@IX 20nm BLECd, —J7, AR TIEE
FIF 2 B 7 —% bnm fREDOERIMREICELE T 5
IZRREI L TR, B/ ERET N
A A~DIGHZ R L THET,
5. ERFERRLE

(WFFEREH . DHE
ES 7Y

Gy J ONEHERF 72412

(CMERE AR 3

G 5 1)

1. Chunlin Chen, Zhongchang Wang, Frank

Tkuhara, Johannes

Oxide

Lichtenberg, Yuichi

Georg  Bednorz, “Patterning
Nanopillars at the Atomic Scale by Phase
Transformation” , Nano Letters, 15, 2016
o, 6469-6474. & F A, DOI:
10. 1021/acs. nanolett. 5b01847

2. Chunlin Chen, Ziyu Hu, Yanfen Li, Limin

Liu, Hirotaro Mori, Zhangchang Wang,

“In-Situ High-resolution Transmission



Electron Microscopy Investigation of

Overheating of Cu Nanoparticles” ,
Scientific Reports, 6, 2016 4%, 19545. #¢

FEF, DOI: 10.1038/srepl19545

3. Chunlin Chen, Zhongchang Wang, Takeharu
Kato, Naoya Shibata, Takashi Taniguchi,
Yuichi Tkuhara, “Misfit accommodation

mechanism of the heterointerface between

superhard diamond and cubic boron
nitride” , Nature Communications, 6, 2015
g, 6327, & ¥ A, Dol:

10. 1038/ncomms7327.

4. Chunlin Chen, Shuhui Lv, Junjie Li,
Zhongchang Wang, Xiaobin Liang, Yanxi Li,
Dwight Viehland, Ken Nakajima, Yuichi
Tkuhara,
the Ti-diffused BiFe0,/SrTi0, interface” ,
Applied Physics Letters, 107, 2015 4%,

031601. A #HiA, DOI: 10.1063/1. 4926732

“Two—dimensional electron gas at

5. Chunlin Chen, Shuhui Lv, Zhongchang
Wang, Kazuto Akagi, Frank Lichtenberg,
Yuichi Ikuhara, Johannes Georg Bednorz,
“Atomic and electronic structure of the
SrNb0,/SrNbO, ,
Physics Letters, 105, 2014 4, 221602. #&
A, DOI: 10.1063/1. 4902970

interface” , Applied

(F=sR) Gt 5 )

1. Chunlin Chen, Frank Lichtenberg, Yuichi

Tkuhara, Johannes Georg Bednorz,
“Patterning Oxide Nanopillars at the
Atomic Scale by Phase Transformation” ,
HAEZ I v 7 AfHe, 2016 4203 A 16 H,

RREEART CGRREHTE )

2. C. L. Chen, Z. C. Wang, T. Kato, N.

Shibata, T. Taniguchi, and Y. Ikuhara,

“Misfit accommodation mechanism of the

{111} diamond/cubic  boron  nitride
interface” , The 2nd East-Asia Microscopy
Conference (EAMC-2), 2016411 H 27 H, &

BEPE Tt (Jus IR AR )

3. C. L. Chen, Z. C. Wang, T. Kato, N.

Shibata, T. Taniguchi, and Y. Ikuhara,
“Misfit accommodation mechanism and
electronic  property of the {111}

diamond/cubic boron nitride interface” ,
9th International conference on new
diamond and nano carbons 2015 (NDNC2015),
2015525 24 0, ##iA 7 Z >y 7 (Fh L

fi] 117)

4. Chunlin Chen, Zhongchang Wang, Takeharu
Kato, Naoya Shibata, Takashi Taniguchi,
and Yuichi Tkuhara, “Misfit accommodation
mechanism of the interface between diamond

and c-BN” , HARBAMSEFS, 2015454 13
H, RHEBERSSAE OB AR )

5. C. L. Chen, Z. C. Wang, Y. Ikuhara, N.
Shibata, T. Taniguchi, “Microstructure
and electronic property of diamond/cubic
boron nitride interface” , HAREZ I I v 7
A, 20155E3 A 19, R R (R fL W]

HiTH)

6. HFFERHAR

()R EE

B #F#K (CHUNLIN CHEN)

BALK T S50 T RORHRL 7 i St e
B

552 H : 50614989


https://www.google.co.jp/url?url=https://www.himeji-cci.or.jp/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjN3oWKzMzMAhXmJ6YKHS1_Bs0QFggoMAQ&sig2=cixhgxEiwHF_he59WuzwqQ&usg=AFQjCNGsZIlNfHTaa0blt2NVtjs8aau35g
https://www.google.co.jp/url?url=https://www.himeji-cci.or.jp/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjN3oWKzMzMAhXmJ6YKHS1_Bs0QFggoMAQ&sig2=cixhgxEiwHF_he59WuzwqQ&usg=AFQjCNGsZIlNfHTaa0blt2NVtjs8aau35g

