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BEIERICEBRL CW D, —F, v~ 7u & I7a/) /2 #ZRRKECHET S LLIE~7 alkEETI 2
a/F ) A= VOB EAT O 72 L FEAMEIE O F X 2RI EERN HICBW TR O
MR E L Ch o & bFEMLIZWEFED 1 OTHY, AFEICKV~rntIrn/l %
abdic 1 B EoRRERIFEHIIC 27N 5,

i TRV B X TSR NI 2@ ) 230 B3 57290 T S EHR FTNER
DIETT- OF F - IR AE 2 FEMEE - JERERL CIIE T 2 Z L3k 5, BRAIZIE, Sk8EASE 10mm
BRETHNIE 100 um LT, Imm f2E THIUL 20 p m LLFOZERISFREE CO RN ARETH 5,
SOIEMFIZE>TE, 1umBEOEMAMEL FIRETH Y | FERIIZIIART T v h 7 +—20
AA L&D T ) A= T, KRR EOERBOF A2 L EBTELHLEZXTND,
L, WERVF ) A=A TOMEL Y LI 7 02— AL TORMEL EEHE VT T
PNZ EEEEE 2, BUEITEENRICBOTHRENIERFIZTZ NI 7 a0 27— L TOrkL &R
FOBFRFAM I dih 2 2 BN T2 JE BN OB % & 2 DICH Z B L CTW o R Th 5,

—flE LT, @R — B X R &0 E S - Rl 5 O RIS T 53 A K VR
O3 2o, EBRIL SPring-8 D JAEA Bl B — AT 1 BL22XU TEMi L, B I1Z71rI="
LB, FOERHEICT 2 b ML= === 7 2Lz b D&M H Lz, WREHFMIC S5um
FREE TR - T e X AR T2 2 & ¢ Rl TIEFWIEMEIG /], 10um 235 50 pm F THEW
JEREIS DAL, 215 100 p m FEEE E TSR A I/ E <720, 100 p m £ 0 RWEIK T

ﬁiﬁﬁﬁﬁ§@iﬂ§f£<7‘£0’@\éo EIES ANV 200 g 100
753‘3@1/\ L %Tiﬁ{j%};ﬂ:b)%b\: L 75)%\ 4 A2024_FLP_0.6mJ_692%
= A ML — A B = o Z IR 100f ] 2
WA AR B T L T, MERFESICE £ | &
WREEE ST T L RTESEINCH 5 Of T ,,/%ﬁ"%{- 2
5L EBHLMC L, % = \¥(/‘ g
ER T =
HEE AR KO KEReBM 8 [ S
BHHOZOBMEREZNETERBL TE 200ry ¢ 5
TeNEBETE ARG D W TR 2 TE T Zﬂg )
HD, 00 (I) ' olos ' 'ofll - 6.I1§' ' 'ofz' - 0|25 03

Depth , mm
TN = LEeR IR OIS 5
RO 434
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BETE X RICKDEMPFERFERRD ) 7ILF A LIEERET

er Rk A @i B!
VR RIEAEANITER S BIREDCR AR ZERT LR e v 2 —
sasaki.takuo@gqst.go.jp

LW BRI 1993 RIS E A (2 LED 235 3R SV CLARE, iR el LI E -7 &
WO RRKEDN D Ak, Fm, A, O A, KGR ERMH VBB EINZEFETH
Do BAIIIND OFERRE DML+ ICHRT 5 2 &0, T35 ADOMRMEREZBRT 572
DITITEE LB 2 BUE X #Ra R LI salRE 2 DG HIE S AT L& B% LIz[1], A#EH T
XE > AT LEFIH L TRl b ivc S8R ER O O g @l Ofs R a2 mET 2,

W st SPring-8 (B — A7 A » BL11XU) (23X (E L7277 XA~ H MBE (Molecular Beam
Epitaxy) ZEE & X MRIEHTFN— KL L7z 2 DGHE > AT A& Huviz, 5UEHZ 6H-SiC(0001) 34K
o> AIN iR KO GaN # T, lEIRE 660°C, A Z /LU »F (II/V > 1) OFRMETHREL
7oo HCEHEIX 70 nm/h TH 5D, B X RO R /LF—1F 20keV, E— LW A X% 0.1x0.1 mm?
Thb, X MHEITIE 2 kT % PILATUS 100K % A7z, fidskE P IicERkTH 5 Sic 103
BIPTE— 7 (L2 A% v 952 & T, AIN 101 BLOGaN 101 [EFr e —27 ZHE L7z, 1| A%
¥ Y= ORIERIT 7 (BEICHE T 5 L 0.5ML) T, FTEA 7 —/LORREEIZ G
U 7o @i X SR EPrE 2 £ L Th5[2],

Fig.1 (%(a) AIN ¥ L UY(b) GaN # S E T Otk 1~ v 7 (RSM) Th D, AIN EIEII SRR
200 FORREE (BUEAY 4 nm) 726, GaN EERIIAERH 70 BRE (BEK 1om) 226, TN
OTHIBERDBIEE D Z R motz, ERTHONERAFEEZ SEHGETET Ve LI L 2
A b /N S 70 BRI & T35 5 Matthews-Blakeslee D R /L — Sl € 7 /L [3] & [AISE L ULy,
EREDO HF N LV /NS VMEZ R T Z B3 oTz, 2D Enn, ARBFFE THWZZ DS
X MREHT XA BRI O B SRR 2 @R L I HEE CE AR TFETH D 2 LW yholz,

Fig. 1 RSMs of asymmetric 103 reflections during the growth of AIN layer (a) and GaN layer (b)
on the SiC(0001) substrate. Growth time (28-476 s) was indicated above.

BE IR

[1] T. Sasaki, F. Ishikawa, T. Yamaguchi and M. Takahasi, Jpn. J. Appl. Phys. 55, 05FB05 (2016).

[2] T. Sasaki, F. Ishikawa and M. Takahasi, Appl. Phys. Lett. 108, 012102 (2016).

[3]J. W. Matthews and A. E. Blakeslee, J. Cryst. Growth 27, 118 (1974).
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TOF-SIMS IZ& BB ELD7 2 04 K B (1-40)REIKRRED S

BHFR FUIER?
U WE - MOBMIFSTREAE . 2 RRBRR T
IWAILHideo@nims.go.jp

1. XU

TIuA KB (1-40) (AB1-40) (4317 1 CioaHaosNs3OssS, 4318 : 4330 u) 1%, #EEL T
T I A NBEMEZ TR T D EAREIREZ R L, TV A < —Ji & OROBIRME B R ST
W5, ABDESEIZIIIFEROMELFIRENRT 5 2 ENMOBNTNDD, FEliR A =X
DITWEZZMH S TH R, RIFETITERBEOET VL LT, AERNRY VEETHD 1,2-
UL b A b-sn-Z ) 13-k A = Y (DPPC) (453K 0 CaoHsoNOP, 251 @ 734 u), K&
W 12-VA VA A N-sn-7 U Er-3-RZAAR=2 Y (DOPC) (7312 1 Cy4HuNOgP, 73 F & : 786 u)
DOIFEE ETD A B DOWAERREA TRATIRE I IR A A4 B 55047 (TOF-SIMS) & IZ L 0 FHI L
7eo HBHEZR TOF-SIMS DE & A7 FILOMRIRIZIEL, G-SIMSVI L UL A &fifth V& iz,

2. FEB-ER-BE

B DOIERIR, BAEE T T AHMRZ AR (B . 7 ek ) 8 REEREL, 737 —
K W CHLERS | R EE B I E A B (1-40)/KIEIRIZ 1 RFRIRIE L, 7 > 7 — & I CRigE X w7,
A B (1-40)C RImIZBAKPIET I RN ET LT D72, TREBE~OBFME 2R,
TOF-SIMS OH#IFEIZIE, MHEE 30 kV O Bit, Bis'f A 23SV A B —2 & LTHWE,
BONTEAXRT MVvinn, IFE. AB(1-40), REWEYD T Z 7 A b A D ZIRA A48 %K
W, SEEMRREASDE T, IFEOREICE S ABWEREBOEEORFNEZIT-o72 (K 1),
PDMS % F & T 2 BHEYTE B AT MADDITH L2 0, kA A% (& 73w 1D
RRICEE L TWDL Z e lo7z, U UMEED ZIRA A% (PC) 13, REHEYD & - TH Etk
WIRIEY —7emAi & LTIl SNz, £70. AB(-40)ZHRT 257 I /%M (Val, Glu) H#&
FCARIEE) =720 & LTl Sz, —J7, Z2EEAT FLoR (MCR) Z1T > 72fE . N5
BTN Y TIXRE DIR T2 R B a7, IBE 2 & Tehksy (Comp.2) & LT L7z A B (1-40)
I3, B ST REED R e A & L7243, DPPC LD FR L0 A L CTnd L) IR &,
FEOBREIC LD ZERNRBEIND, RENGYD L BfNTIC X DR O ATREME bR STz 2,
SE IR

1) LS. Gilmore, M. P. Seah, Appl. Surf. Sci., vol.161, pp.465 (2000)

2) S. Aoyagi, T. Shimanouchi, T. Kawashima, H. Iwai, Anal. Bioanal. Chem., vol.407, pp.2859 (2015)

Contamintion AB Comp2(20.7%) Comp3(4.4%) Comp1(65.8%)
4l PDMS PC AB/DOPC DOPC
@)
()]
S~
o
<:I 73 184
& PDMS g AB/DPPC DPPC
-
D »
S~
= g
< |IE 184

Comp2(22.1%) Comp4(1.1%) Comp1(60.2%)

X1 AB/DOPC } O} AB/DPPC ? TOF-SIMS IR A 7 142 Fo ONS6 25 B fie i i B
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ERERLEICKE L-BH#SCHILSF TTTA @ STM £E=
ZF g TR, OS2, B
UbvEE K (EMEE), 2 AR

agus(@nano.ist.hokudai.ac.jp

®

EHeT N TS TITA (1,3, 5-trithia-2, 4, 6-triazapentalenyl, Fig. la)lE, ZEIRIZ
BWTHARNZERELZRTNIZEPoAHL 7 tn=/ X/A > ha =7 2D TOIL
FARHESH TS, ZHET, Au<eSi R EICWaE Lz TTTA OB FIREEICHOWTEE 796
EIZEDBEN e S TE A2, 3], & OMBERIEOFEMILS > T, KIF5ETIE, &R
HLAS Ah 2R FUCAER L7z TTTA RO E 2~ 572, HEZZH T TTTA Z il L C in—situ STM
WEEIToT-.

STM HEE 2 2 T2 mEZE Y AT MMTAM L TTTA 4y 1Rk E 2 B0 fH1F, 112 BEE A
Ag(111) FEAR Z I EZE T C TTTA OZAKICHEFE L, £ 230°CTMENT 2 Z L1T LV TTTA % 1ERK
U7z, [AlBR7e )51 C TTTA 5% Cr(001) BLAS ShZEMR HICHERR L72. TTTA FRGECER D STM JHIE 1% #
VT AT REHR X OREERRE E VTY T o 7.

B4 1(b) 1 Ag (111) Hebk BT RS U 7o il oo JR GG STM 8 A 7= 3. TTTA ITKL FHRIZARE T2 DT
1$72 <, EHEZR B 220 6 BRI
B L, R (X 1 (b) Ol
) HBEINTVAINIEEAEDH
VLB AT 2 Fr o Rk e fEik (1% 1 (b)
OfEEE 1T BE I THDHZ LN
43735 7=. AU LEED 12 X % Bleshk
R —HLTWA. BREERICRT
% WEARE S OFEMIL 1(c)-(e) 1R
9. BRFRREIE IT Ci 3 [t 2 7=
THEERDY 2 WITHIZELS U 7o i
EIRL TS QFEEHDO NAA v a
EbHD) olcxtL, fEEK 111 T
X 2 DO 1 WoTHITHIS L 74
ERER I TWDZ ENHL N
LR SN
2E R

1) W. Fujita and K. Awaga,

Science 286 (1999) 261.

2) K. Iketaki et al., Chem. Phys. 1 (a) TTTA DL, (b) Ag(11DIEH Lo e
Lett. 451 (2008) 58. L7 TTTA 43 TIED JLEiH STM . Scan size=70nm X
3) K. Shudo et al,, Phys. Chem.  70nm. V=24 V;1=0.3nA. (c) #85% la. Scan size=10
Chem. Phys. 15 (2013) nmX10nm. V&=-13V;Il=03nA. (d) 83 IIb. Scan
19213. size=10 nm X 10 nm. V=2.4V;l=0.3nA. (e) fEHlK
HI. Scansize= 6 nm X6 nm. V=2.4V:|=0.3nA.
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AR AIE % FLE A8 O i8S ST
BARRESL 123
VIST S &8, 2 BoRBeRt, 3 AAbRZ ekt
sakamoto@nano.phys.sci.osaka-u.ac.jp
1. W&

HAWEZ ALEM B OO E D THLEA T A MEHPIEEY A N (~T afil31 &) OflfEI,
L0 EHRECEIRREA T A Ml A ERT 5 E TR TREREO O ESDTH D, TO~NT
BJRFA NEHONCT S FEE LT, JRF0MREE TR O S 815303 rTRE 725 -1
W (TEM) ERH S, LinL, ¥4 T4 O TEM BIZRIZZ DEARBEI Z A —C D DICR S
Tl —F, BRI ZEM EEAZBEFBMEE (STEM) JEIZ XY sub-A O & fFRE THE
DA A= 2 T ISAERIREIC 7 > T X 72, RBFFETIX, STEM-HAADF k% VB4 7 4 ME#E
K OVERE I A~T v i1 O s 22 ] 0 M RE R T BB Bl R 2 1T o 712
2. EBFHIE

YA T74 b (ZnEH CONBIEY AT A ) & STEM #1%21%, Titan G2 60-300 (I#HFEE 300kV,
STEM 43fi#fE 70 pm, HALKT) Z AW, IKEF#E T CBIEZ 1T o7, 3UBHE, HHisA TH
Bl ) — oL, ETBEMEER~A 2707y FEZHETFLELDZ RNV,

3. BHRLEBE

B 174512 CONBIB AT 4 hoFE#tEE ([0011517) Z7~77[3]. CONRUMEEIT 12 BB ([001]
Fm) & 10 BB ([010]41M) DA R — M F vy XANKbos-flfEEZ b, BILT7 2D T
A b Si~T YA ) He0, T6 A FO&ZMN 12 BBROAIZHL, o 6 2D T
P A MIET ¥ RMTH LTS, F£72, [001]151M2> 5 CON S % L5 E, #hEhin-o
T A S “FEOR 7T LBFEL, £, A (T1,T3,T6), B (T2,T7), C (T4,
TS) L72->TW5. X142 Zn &4 CON ¥ 4 F A kD STEM-HAADF 4 ([010)A4) %z =~
Z OBI1E 0.15 nm FEEDEMNHREE D, ERROZFEOKTH T L E+HKEBITE S STEM-
HAADF & L 72> Cn5. Fi2, 1 EOR TR LT 4 BERZWHKT 5 4 DO 17 5 AL,
T L (B & C) &HATHEMET Y- DOFEF503%<, STEM-HAADF BTl VAL W
AV RTARNELTA AT IRTND.

X1 CONBIYAT A FoEkfE (£, THA DA RLTHL). STEM-HAADF 14 (F).
BEICR

1) A.Mayoral, et al., ChemCatChem, 5 (2013) 2595.

2) IZC-SC web site: http://www.iza-structure.org/databases/
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= REE STEM 12K 57/ MH DR FIBEREN
FARE R 1230 AR — 230 BllEse L LEREE !
U IUNREFRBBAR AT T IEE o 7 — 2 [\l R%PBe ToEF5ele, ° JST-ACCEL
syo@nucl.kyushu-u.ac.jp

B

TRE 25 AEFEIC UM R EA ST @ o iR fe £ T - Bl - HMEEIE. 5 RO BRI £ T
ET5HBOIGEMERAZEE L TBY ., TR+ —RoME, V7 h~T U 7Ll 844k
TR ENTRE U TR0 fifRE C O - KRBT 2 FTREIC L T\ 5, Z O2EE 1350 JEM-ARM200F
ACCELARM & LCififfbas iz, EFICEB L TRV, K77y h 7+ —ALTOAIRT /W)
B OGS ICA HNEN TV D, AHER T, FIHBREOZITZE L TER L TE 72
RELZBE4 2 ATREMEIZ DWW TREAT L 720,

STEM TIXEFE— 22k LICER L THBLIGT 5720, ZOMITHEINENT 5 L H
BIZEANECTLE S, 20D, BETH23BMERZ SH TRV IRLE—2ER L TRAEL
B OEGEEREDED 2 EIZE o T, BN Y 7 NEOHBIIRLEMEIZ L 2B DOELE
MZ5FEPHOLBN TS, 11X, &/ 2y NIV A L—F—% & L TERIAE L 728
+® HAADF-STEM B Th 5, BRI L D REEAFDANZ Y T2z 57 DITHNEEL
Z 120kV ICERE LN, TRENOFF 27 AORENHFICEZER S TS EE b, BOE
HPNFZE L ERBNIRN, TNENDIRF 2T AOBIRE A 2 RILA 7 A 554 T L TEDIHE
MEFRFaTMIELETSHE, K1 TlEEdpm ORETENSLOMENRESND, L—P—)
U K> TEZENEBEDNBEA S, £ O RE TIERFAALED K E KB L TOLEEFD
Ronsd, K21k, ZEMEZENDOHEEE & IR FEMPIZITRIPIEM L TNWDHZ &%
A~ LTW5D, [K. Aso, et al., Microscopy, 65, 5, 391-399, (2016).]

BEDSZRAIZ L > THTZ e GE 2B/ T 5T / Ki OB IE N B A I Thiv T
Do BRI OREE < REEFAT CIXRATI 2Rt R - & L CHET 5, —f%IZ STEM T
FRHT TR R F— R XA FVIEHT (XEDS) 2V B, £ ORISR
L ESNT, S THEAIES 2 2RO 3 TR~EILELTETEY ., Moo X
> TETE7 XEDS OMHZEEREREE DR EARD LN TWD, §#iE TlL, STEM-XEDS (2
£ %) 7 BRI O RFTHLRE BT 2 R OERIZ OV T BT 5,

X1 (k) : SR L— =% L CERI{LL7=4T
ki HAADF-STEM f4.

B2 (F) : ZEMAEAZRN D ORREOBE S LTo
N7 (bed) EEMORE S (ceg).
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BMEHREBHN =S FDF / BE T
] R A NEPSF fERL . OKER RS BAIR 12
VD RAER S EAAREE - AR, 2 AR RFEB A TR
kotobuki@m.tohoku.ac.jp
1. ICBIZ

RT3 T £ OBEHAIARRR Tld, RN =F L2 0 &3 %m0 FAE 2 it B
ELTHALTWD[1], 246 OMEHIMEHRERSL T TIIZUECUINT, MRt & oL
R LWIPEDN AT D05, TSRO BB RIIARIBIA 2 3 %\, £ 2 TABIETIE, &
FRIRF AN Y =F L o oS s LORBRFETOMMZEL L T/ #EORBREZHR~5 Z & & L,

2. Bk

EEERY = F L (JEEE 0.951 gom™) (S EAHERE - SR CEZEH - iR CEHRA RS L
7oo AREHIME B ATIZBHE L, 2 OBITKREH TRAE LTz, BUNE %2 HREGEAIIC 7153 1 HIE
O CRE . BB HEEMIEZIT > 7o, BEFHEEFMIEIL, v 7 HOREREEOIX
M FIT I aT—=TTy N7k — b RIS T v N T 4 — DBV TREERME T AR
LCWABEf~A7a7a—77F7 4% — (PPMA) TiT-o7z,

3. BREEE

FIVRREDFERN S, WIRENFEWVIEERBEENEW &, £, BEHRGFERICS LV
SEMET L72Z s, BHIGRE PICUIRBSAEIT LT D 2 AR S iz, FRAM
EDOFRERNS . BEEZITREICETE L CTOEEESE L OGNS X DBER A LI, S HICEM
HEPICHLBRIENEIT T2 Z EBNbhoTz, IO DOERND, BEHRE D OUIMHI R
T LB bR R STz, 72, BB THEBREMIEDORHERNG, AV AT hr=7 A
(0-Ps, MDY T F 7 X — hLH A XD HBEFEZEANTHEK) OAREIE 131, MHEE
IZBWTIERES mOWEREHE SR, BEIRAFIC b RFICEREREHZ W T T 2 L vb
Mol
ZIZThHETNGROBEBETARILE A, BEEZTIL, FASEROEIMIE bR 33 E
FRANZIAD LTz, Fo, BEIRFRICZOERBERITIZIAVSELE 13 DR FAIZT T R LEZ2],
B THO Ps ERIX, T VAN DFEIC L > CTHEFEIND [3,4], BEEZITIILR=
JVHE (WPEIL) DINED/ NS W, BEEZO 13 ORI ICE > TALZ I VML D
LortEZzLND, —J, BEIRGEZITIEICBILICE 20 > THAVSRR, HAR= ik
O L > T ERZNENRD LiZ7zd B bND, 20X DI LIET P h -t/ &
DEAHIRN BN L > TEIT 5720, SB%IZINODORNEEZMSLICEHME L, 13 DZ(RIZHT 5
HHEREHICTHR TS BERD D,

BE R
1) Y. Ohki, T. Yamada, N. Hirai, IEEE Trns. Dielectr. Insul., 20, 2099 (2013).
2) K. Onodera, T. Oka, Y. Kino, T. Sekine, J. Phys. Conf. Ser. (in press).
3) K. Ito, Y. Kobayashi, A. Nanasawa, Appl. Phys. Lett., 82, 654 (2003).
4) Y. Kobayashi, W. Zheng, K. Hirata, T. Suzuki, Radiat. Phys. Chem., 50, 589 (1997).
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KNEEEBR TR G K BT R DIEE

NEFES 12, Wang Qian'2, HPARERIET- 3. SR ERk . AUIEd V20 BESEHE 120 At —pk 12
U BORUR SRR LR e R o A7 A TR 2 NI 7 v v 2B IEi A
S HUR KRR B L R FER e T EH A
hisatomi@chemsys.t.u-tokyo.ac.jp

1. #%

NSRRI R 2 W T2 KIS T COKD MRS IE, FHEFTREZ2 K36 &2 R diE
FTHHAE U TRANTHIZE STV D, Bl B#E O 13S0 TR 2 K5 Ot Adi
F & LT, R EIEIC X0 KA RO & 56 A2 BB AR Oy KAV E B 1D IA F 4728
il — R ZRET LTV D 1), B TH, SITiOs:La,Rh 2 /KFE ARG, BiVOsMo % R3Ot
fiblE & 9 2 i S — X, Z A ¥ — AADKGIRISIZIB N T 1.1%D STH Z7~ 7, ARG TIX,
S s — b~ ORI & K EBOS R A G L 7o R DWW Tk R 5,

)

2. B
SrTiOs:La,Rh & BiVO4s:Mo DMy KK 2 777 AT T L. 350 nm JED Au @A 245 LT,
W —R T —T 2RO T T2 T A& DT R & Au RO SR Z XN LR |
B LB X 0 AR O SEflR 1 & B D B OOl s — b (SrTiOs:La,Rh/Aw/BiVO4:Mo) %
572 (K 1a), Sefibli s — Nkt 2 Y —~ VSR EEE FBEMEE JSM-7001FA, JEOL) I
X v SEM-EDS Z3#r L 7=,

3. WR

VIR &80 el s — N I2I1% SrTiOs:La,Rh KL 7- (Sr Al 5y) & BRI A & VY BiVOs:Mo
W7 (Bi f57) Mz XOfEEERMA L, AVEL->T Au BICEELS TV DEET
DBIEE ST, 2 ONfE S — NZ Ru BB 2 e EE RS L TR ECREUR G e A2 U2 & |
FIKDAKFE L WEFRIZ 2 1 Db PR TR g S vz,

1 s — F o) ERITFIE & (b—f) SEM—EDX ~ v &> 7', (b) SEM . (c) Bi 234, (d) Sr
A, (e) Au A, (f) (c-e)DEIG O, 3CHk 1)K 0 7F Al 245 CTHA#EL,

SE R
1) Wang et al., Nat. Mater. 2016, 15, 611.
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tEEXRE MHEEBERT TS Y b7+ —LXIEEH
REBRYI N ERZFE?, EKAL 77 AAF g ]
U B E R R TEREE . 2 dEiEE R E TR SRR
nanoplat@cris.hokudai.ac.jp
1. iIXC®IZ

IEHEE KPS SN 77 » b 7 4 — A% (1) X BB TR, 4 —Y B 1otk
B & W o Te R EHTEEE I L 2 REEMT 3. 2) 2 BOET VT —A F U idas % Ff0
U HE— OB R R B 2 5 O T L AR T BMEERE & SEM-FIB 7¢ & OFUEHIN 4%
B OFAE DRI L2 NEHEE - 3 WocEfiiT i, 3) BEE2Ze - KR - 5845 SPM % H
N BREEIAE T E S0 R R R 0 R G FE T BEIN SR I K D EIRRE RN SR 21T o T B,
ARFEF T, Wk 27 FEICEN L= BRI O a2 W45,

2. AQEMR BICRE LT2EBT P51 (TTTA) OEEFERA
BETBRFRFEHREEPFER  ILOBKER, FREFR)
BT NG Thh D 1,3,5-2,4,6-triazapentalenyl (TTTA ; [X| 1(a))
i, AT L7 he=J 2/ 2 ha=7 ZAOMELE LTHELE &
NTWD, RIFETIE AgID)FER EIZEIE L72 TTTA 2 FiE o
WEERAT 2728 in-situ STM BlE2 %217 > 72, STM B DX 1(b) L
TTTA (FRAIRICHEEFET DO Tl <, FHMEZ R D 2 B FRIC
WET D2 ENyhot, £, TTTA EIENICIZMERRSY (fEIK 1)
BELOTF (BEEC I LR8I 1T ) 7ot 2 n 3 SEs BlEg S v,
FRFPAEIER 1T CU 3 (Bl Btk 2 7 3RS (RS 2 RO RS 2 FE Ak (2
FEXHDO RAA v a & b2 D), FEE T TIE 2 RO 1 IRITH) | () TITA 0 fbHE
(ZELS L 7SN S CWE Z b | ~ 7 a7 @is (b) Ag(1D) 4% 112 i B L 7=
TN L RVHEEDO R — RN B FRE~OREL 52TV TTTA 4 70 STM &
DT ENIRBENT,

3. &7 /KT 0 HCESEREMT (EERFEETRFEMAER  W.Jinjian, fRAR, =K%
Z, FR#H—, BEWEIE) @ ®)
RIRETIE, &F /R FoFRELFHEMIZER L,
FHLO T v FRFEREZEAN LT T RIZED
TRk S5 B S 2 T DR TR A LIz o0
THE~ OE B E AW T ST 21T - 72, £
A% A TE%EE (STEM) 2 W88 4217H 2 &

Tk, SREBTRTRAICHEET S simos) /9 4 . P
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Evidence of preferential precipitation of bce-Fe around Cu clusters in
nanocrystalline soft-magnetic Fegs2S1;BoP4Cug s alloy

Masahiko Nishijima', Makoto Matsuura®, Kana Takenaka?, Akira Takeuchi? and Akihiro Makino?
IThe Electron Microscopy Center, Technology Center Research & Education Activities, Tohoku University
2 Research & Development Center for Ultra High Efficiency Nano-crystalline Soft Magnetic Material,
Institute for Materials Research, Tohoku University,

m.nishijima@imr.tohoku.ac.jp

The nanocrystallization process of the Fess2SiiBoP4Cuos (NANOMET®) alloy which exhibits superior
soft-magnetic properties [1,2] was investigated by X-ray absorption fine structure (XAFS) of the Cu and Fe
K-edges, high energy X-ray diffraction (HE-XRD) and transmission electron microscopy (TEM).
Preliminary examination revealed that the alloy formed into an amorphous structure by melt-spun and
exhibited its best soft-magnetic properties by annealing at 420°C for 600 s (termed as A-420). Observations
by TEM show that A-420 exhibits homogeneously distributed a-Fe nanocrystallites with around 12 nm in
grain size which are embedded in an amorphous matrix. Results of the XAFS measurements show that fcc
Cu-clusters are formed at 340 °C and the local structure around Fe atoms in the sample annealed at 380 °C
(termed as A-380) begins to transform from amorphous to bce Fe at a lower temperature than the onset
temperature of the first crystallization (Tx;=434 C). Further observations by HEXRD and TEM of A-380
show that quite a small number of bce-Fe crystallites are precipitated in the amorphous matrix as shown in
Fig. 1 for TEM image and the corresponding selected area diffraction pattern where the image differs from
those of as-Q and A-420 for comparison. It is possible that a preliminary precipitation of bee-Fe in A-380 is
induced by the presence of fcc Cu clusters which are formed below 380°C. The XANES spectra of the Cu
and Fe K-edge were fitted with linear combination scheme to estimate the fraction of bee-Fe precipitates.
The fitting results of the as-quenched (as-Q) and the A-420 data to that of A-380 revealed that the fractions
of precipitation of bee-Fe are evaluated to be 0.77 around Cu atoms and 0.21 around Fe atoms in A-380.

These results clearly suggest that bee-Fe is preferentially precipitates around Cu atoms.

) L Fig.2 (a) Linear combination fitting results of
- - 4 - A-380 using XANES spectra of the Cu
Fig.1 TEM images of precipitated bcc-Fe in the K-edge for that of A-420 and (b) the degree

amorphous matrix for the A-380 together with the of precipitation of bce-Fe at around Cu and

as-Q and A-420, respectively Fe atoms, which is estimated by the linear
combination fitting using XANES spectra of

References the Cu and Fe K-edge, respectively.

1) A. Makino, T. Kubota, K. Yubuta, A. Inoue, A. Urata, K. Matsumoto, and S. Yoshida, J. Apply. Phys.
109 (07A302-1-07A302-5) 2011.
2) A. Makino, H. Men, T. Kubota, K. Yubuta, and A. Inoue, Mater. Trans. 50, 204-209 (2009).
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Role of Mg dopant played in NiO epitaxial thin film

Yanna Chen,! 2 Osami Sakata,! %3 Ryosuke Yamauchi,? Anli Yang,' Loku Singgappulige Rosantha
Kumara,! Chulho Song,! Munetaka Taguchi,* Toshiaki Ina,’ Yoshio Katsuya,' Hiroshi Daimon,* Akifumi
Matsuda,?> and Mamoru Yoshimoto?

'Synchrotron X-ray Station at SPring-8, Research Network and Facility Services Division, National
Institute for Materials Science (NIMS), 2Synchrotron X-ray Group, Research Center for Advanced
Measurement and Characterization, NIMS, 3Department of Materials Science and Engineering, School of
Materials and Chemical Technology, Tokyo Institute of Technology, *Material Science, Nara Institute of
Science and Technology (NAIST)

CHEN.Yanna@nims.go.jp

Nickel oxide thin films are attractive for application in devices like light-emitting diodes and solar cells.
Doping Mg element modulates the optical property of nickel oxide films. However, the effects of Mg
dopant on the structure and properties of the resulting thin films are currently poorly understood -3, In this
study, we examine the lattice distortion and electronic structure of nickel oxide thin films doped with
different contents of magnesium. We fabricated epitaxial nickel oxide thin films doped with different
contents of magnesium on sapphire substrates, and then used thin-film synchrotron X-ray diffraction
(XRD), X-ray absorption spectroscopy (XAFS) and hard X-ray photoelectron spectroscopy (HAXPES) to
examine their structure and properties. The lattice of MgyNi;xO thin film is expanded along the in-plane
direction with Mg content increasing, because Mg ions mainly substitute the in-plane Ni sites. We
introduced Debye-Waller factor to describe atomic order, and found that Debye temperature and atomic
order parameter decrease with Mg content increase. Electronic structure strongly depend son the Mg
content and changed features mainly result from the reduction of Zhang-Rice bound state on Mg doping.
These lattice and electronic information corresponds to excellent UV-vis transmittance of MgxNi;xO thin

films over the large Mg dopant content.

References

1) H. Nishitani, K. Ohta, S. Kitano,
R. Hamano, M. Inada, T. Shimizu,
S. Shingubara, H. Kozuka, and T.
Saitoh, Appl. Phys. Express 8
105801 (2015).

2) R.C. Boutwell, M. Wei, A.
Scheurer, JJW. Mares, and W.V.
Schoenfeld, Thin Solid Films 520
4302 (2012).

3) C.A. Niedermeier, M. Rasander,
S. Rhode, V. Kachkanov, B. Zou,

N. Alford, and M.A. Moram, Figgrq 1. (a-b) Out—pf—plane '?md in-plane d-spacing, (p) lattice
deviation from the ideal cubic structure, (d) schematic of the

Scientific Reports 6 31230 (2016).

in-plane and out-of-plane nearest-neighbor atomic Ni-Ni

distance and Ni-O nearest-neighbor atomic distance, (e-f)

experimental nearest-neighbor atomic distance.
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B E LT, IREZE - fREE L CTEIERTEEZ: GOS(Graphene/Oxide/Semiconductor) A1 0 - U &
FHRHT A ZARIZONWTHEETLFETH 5,
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1) K. Murakami, S. Tanaka, A. Hirukawa, T. Hiyama, T. Kuwajima, E. Kano, M. Takeguchi, and J. Fujita,
Appl. Phys. Lett. 106, 93112 (2015).
2) K. Murakami, S. Tanaka, A. Miyashita, M. Nagao, Y. Nemoto, M. Takeguchi, and J. Fujita, Appl. Phys.
Lett. 108, 83506 (2016).
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%7 T AL —REEOFRLOGFRIEHALH[2,3]. ARFZH TITT TIZ ML 7 7 24 —P BIKGEY'E O
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[1]K. Sato et al., Phys. Rev. B 68, 214203(2003).

[2]1. Kanazawa et al., Phys. Rev. Lett. 79, 2269(1997).
[3]K. Sato et al., Phys Rev. B 59, 6712(1999).
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(2, 1000 BRI LA B2 0 BB R AICH R T D EREHMFF et B 20N 5,

a b

1 Mo:BiVO4Ni/Sn Y7 / — K ®dD(a) TEM 4} TX(b) STEM-EDS ~ > B> 7%, A7 —)L L%
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1) Kuang et al., Nat. Energy 2016, 2, 16191.
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1. Introduction
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2. Methods
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3. Results & Discussion
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1) J.Onoe, et al., Appl. Phys. Lett. 82, 595 (2003).
2) H. Masuda, et al., Carbon 81, 842 (2015).
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Pentacene and Titanium dioxide anatase hybrid interface study by scanning
probe microscopy and first principles calculations

Milica Todorovicl, Oleksandr Stetsovychz, Cesar Morenoz, Tomoko K. Shimizuz, Oscar Custance” and
Ruben Perez’
! Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de Madrid, E-28049
Madrid, Spain; > National Institute for Materials Science (NIMS), 1-2-1 Sengen, 305-0047 Tsukuba, Japan
CUSTANCE.Oscar@nims.go.jp

1. Introduction

Organic photovoltaic (OPV) devices, where thin films of organic molecules coated in metal oxide
buffers are layered between metallic electrodes, provide an affordable route to manufacturing large-area,
lightweight solar cells for universal use. Device operation is enhanced by efficient electron-hole pair
(exciton) separation into carrier charges in the organic region and directional intra-layer charge mobility.
Favorable band alignment at the internal organic/inorganic interface is particularly important for effective
charge injection across the layers, whereas poor contact between the two materials leads to charge
scattering and recombination that degrade device performance. All these factors depend on the electronic
structure of the buried interface; by controlling it we can enhance OPV device power conversion efficiency.

Identifying the atomic arrangement at the organic/inorganic interface is critical to determining the local
electronic band alignment. Atomic details of the interface structure are difficult to establish experimentally,
so computational techniques are frequently deployed to simulate various molecule-solid contact
configurations. Such calculations are made challenging by the large numbers of atoms and degrees of
freedom involved; chemical intuition helps to identify relevant configurations, but without experimental
verification there is no guarantee that the computed interface structure resembles the one of the actual
device. ~
2. Results

We combine atomic “resolu tion scanning probe microscopy with sophisticated first principles
calculations to “study the technologically relevant organic/inorganic interface structure formed by
pentacene and the TiO2 anatase (101) surface. Pentacene molecules are found to physisorb parallel to the
anatase substrate in the first contact layer. Strong molecule-surface interactions and the substrate
corrugation give rise to the formation of an irregular pentacene layer composed of one-dimensional
in-plane molecular stacks. Pentacene states are electronically decoupled from the substrate, and yet the
favorable hybridization of the highest occupied molecular orbital supplies a direct pathway for charge
injection across the interface. Second pentacene layer grows in a slightly tilted, vertically oriented
configuration over a pentacene-passivated anatase surface. Molecule-probe attraction leads to the
functionalization of TiO2 terminated AFM probes by molecules, which results in high-quality
sub-molecular AFM resolution. In uncovering the atomic arrangement and favorable electronic properties
of the pentacene/anatase interface, our findings testify to the maturity and analytic power of our

methodology to study organic/inorganic interfaces.
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Custance, Nano Lett. 15, 2257 (2015).
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1) Fujita et al., Nanotechnology 19, 025705 (2008).
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First TEM and SEM using LaBg Nano-emitters

Han Zhang', Yasushi Yamauchi®, Jie Tang®, Lu-Chang Qin®
! National Institute for Materials Science, ? University of North Carolina
ZHANG.han@nims.go.jp

Advanced characterizations using electron beam as probe media are in a constant demand for brighter
and monochromatic electron sources. This is because lens system can only perfectly focus monochromatic
electron beam and brighter electron source produces higher current in the focused electron probe. Quantum
tunneling based cold field emission produces the brightest and the most monochromatic electron beam
among al electron emission mechanisms. However, because it operates under room temperature,
conventional W emitter surface could soon be covered with residue gas molecules even in a UHV
environment. We discovered a new field emitter material, which is composed of afew La atoms situated on
the tip of a LaBe nanowire. The nanostructure realized a combination of low work function and high
chemical stability.

This advanced nano-emitter was first installed in a JEOL 6700F SEM replacing its original W field
emitter. The result shows that 3000 times higher probe current could be achieved with the same
accelerating voltage and lens condition. The emission current is constant for over 10 hours with a fixed
extraction voltage in contrast to the fast decay of W emitter (90% drop in less than 5 minutes). Secondary
electron image of the new SEM is noise free and could be viewed without post-treatment. (Artificia
removal of noise for W emitter is required)

The LaBg nano-emitter was also recently installed in the most advanced Cs-corrected JEOL TEM.
Combined with the new-generation JEOL electron gun technology, the nano-emitter shows a constant
emission period for over 1 month (720 hours) between interruptive cleanings. (maximum 4 hours for W
emitter) Advantages for TEM applications using the new electron source will be introduced.

References
1) H. Zhang, J. Tang, J. Yuan, Y. Yamauchi, T.T.
Suzuki, N. Shinya, K. Nakaima, L.C. Qin, Nat.
Nanotech. 11, 273 (2016).

Figure 1. TEM using the LaBg Nano-emitter and
SEM prabe current comparison.
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Live Visualization of the cavity resonator in biological
systems

Lokesh Agrawal', Anirban Bandyopadhyay', Takashi Shiga®*, Subrata Ghosh*, Kanad Ray’,
Daisuke Fujita'

'Surface Characterization Group, National Institute for Materials Science, 1-2-1 Sengen, Ibaraki
305-0044; *University of Tsukuba, Graduate school of Comprehensive Human sciences.1-1-1
Tennodai , Tsukuba 305-857;Japan; *Department of Neurobiology, Faculty of Medicine,
University of Tsukuba,1-1-1 Tennodai, Tsukuba 305-8577, Japan; *CSIR-North East Institute of
science & Technology; Natural Product Chemistry Division;Jorhat-785006 Assam, India; *Nano
Bio Systems science,lIT Jodhpur,Rajasthan,India.
lokesh1991cct@gmail.com , AGRAWAL.Lokesh@nims.go.jp

We consider a basic bio-system as a flute-like leaky cavity resonator with extremely unstable boundaries.
Just like a flute, the leaks are adjusted to store memory locally as beats or rhythms and boundaries are
adjusted to nest local beats with the neighboring ones. A cavity fuses/nests n input waveforms in all
possible groups to make one waveform end-to-end. It is generating an inverse of harmonics (v/n instead
of nv), obviously, it fails for primes. Number of groups for all n form self-similar patterns, —prioritizing
its cavity shape. This enables us to put leaky cavity resonators side-by-side and one-inside-another to
build an analogue of a human brain up to the atomic scale. We take every single component in the human
brain as a cavity and make a journey from giant brain-spinal cord system to the single protein molecule.

Why brains develop its distinctive folds? Because this is a way of manage the cavities. We have identified
each component of the human brain residing in the 12 layers. We have even identified that 30000 proteins
could be classified into 17 different classes of cavities and those classes are included in the brain
model. Cavity resonance in the shape of an escape time fractal and iterative function system will be the
key issues we would like to concentrate. All cavities e.g. neuron/protein change its own geometries to
store a set of frequencies and modify the geometries of cavities inside, above and side-by-side for a better
match with the neighbors frequency spectrum. We connect information with the physical structure of a
biological system.
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Magnetic and Infrared Imaging of fourth circuit element (Hinductor)
Surya Kant, Lokesh Agrawal, Anirban Bandyopadhyay, Daisuke Fujita
Surface Characterization Group, National Institute for Materials Science, 1-2-1 Sengen, Ibaraki 305-0044.

Anirban.BANDYOPADHYAY @nims.go.jp

Anything we see in the electronics industry could be made of three fundamental circuit elements, namely,
resistor R, capacitor C, inductor L. For the last 150years, the industry is looking for the fourth missing
circuit element that would connect magnetic flux and stored charge in the device. In 2008, HP claimed to
invent one such device and it was challenged by NIMS, Japan. They claimed that the device will be made of
very different kind of science. We find arranged array of capacitors, which is a permanent insulator and there
is no possible way of transport across the length of the devices, conducts to generate magnetic flux. We went
on building several prototypes of the device and found by IR imaging live that phonons move by the
triggering of white noise from one capacitor to other. We could see live that phonons is moving and that was
generating the magnetic flux. The next question I had to address, how a white noise was producing the
regular sinusoidal electromagnetic flow? And that too, at a very low frequency of a few kHz? When We
measured the 3D surface distribution of the magnetic flux, we could see that on the cylindrical surface of the
helical structure, there is a standing wave form of magnons. A careful observation could show that there
were two devices and a device is able to hold a waveform that is 106 times longer than its original length. In
addition to this, We changed the lattice parameter of the capacitor arrangement, length, pitch and the
diameter of device to find that the regulation of magnetic flux produced in this device is a function of
topological and geometrical parameters, not the value of the capacitance. This anti HP revolutionize the

electronicsindustry,-- - operating by harvesting the abundant noise in nature.
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Study of tubulin protein dimer based on fourth circuit element
(Hinductor)

Jan Pokorny, Lokesh Agrawal, Anirban Bandyopadhyay, Daisuke Fujita
Surface Characterization Group, National Institute for Materials Science, 1-2-1 Sengen, Ibaraki 305-0044.
Anirban. BANDYOPADHYAY @nims.go.jp

A functional protein is made up of alpha helices and beta sheets. Special arrangement of these secondary
structures allowed the proteins to use the environmental heat as a source of energy. Here beta sheets work as
a mechanical barrier and heat radiator, which produces the cavity effect for a group of alpha helices. This
interaction of energy between the group of alpha helices is responsible for the protein functioning.
Furthermore, interaction between proteins is responsible for biological information processing. Not only
proteins but also DNA and RNA all genomic material follow the same route of information processing and
transfer the important information and traits from one generation to another generation. Hence biological
system works on two basic principles first geometric effect on energy distribution in all biological events and
second one is ultra-low power consumption and mutual interaction between functional geometric shapes.
And this is the property of forth circuit element based devices. Hence we are creating the biological

molecules using Hinductor circuits.

Tubulin protein dimer is made up of two-tubulin monomer. Each of them has four different group of alpha
helices separated by different layers of beta sheets. These groups of alpha helices contains following number
of turns- first group ( 3,3,4,4), second group( 4,5,5), third group( 3,4),fourth group 2,6,6.We are creating the
alpha helices using fourth circuit elements. Number of capacitors in each turn is equals to number of
functional group in each turn of tubulin protein. Diameter and length of all coil are kept in exact proportion
of alpha helices of proteins. We recorded the live transportation of phonons in the final protein structure
once the whole mechanism is unraveled , we will apply it to create an artificial intelligent system which can

process information thousands time faster than a super computer.
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1) Furlan, Minowa, Hangata, Kataoka, and Kaizuka. J.Biol.Chem (2014).
2) Ushiyamat+, Ono+, Kataoka, Taguchi, and Kaizuka. Langmuir (2015).
3) Kaizuka, Ura, Lyu, Chao, Henzie, Nakao. Langmuir (2016).
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1) K. Ueda, Journal of the Vacuum Society of Japan 53, 602-607 (2011)

2) A. Itakuraet a., Journa of the Vacuum Society of Japan 57, 23-26 (2014).
3) N. Miyauchi et al., Journal of the Vacuum Society of Japan 58, 387-391 (2015)
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@) (b) - © @ (@) (®
vo 2. Nil ol Nil Col Nl Ni'Cal N 'Ca
1 2 3 4 3

#—e [Co1/Niz]xn
©-© [Co1/Nigxn

1um n= 2Niww 2801_

Nl—Coln—zl“:T“:fCol'N:fCol """"" N2 coi , 6
W(110) : %\
-o—e- [Ni2/Co1] x
1. (a—€) [Co1/ Niz x nOENO[L -1 0] (Lo [ W(o) Miz/ Conlxn

(L)A5y DSPLEEM I, /2 HIZLEEME %, HLEFEIL 6

um, (f) Co/NiD~<T % (n)iZxtd 5[Co1/ Niz x n, W(110)

[Co1/ Nis] x nFBXL[Ni 2/ Co1] x nDRLOEHZA,

2E IR
1) N. Yamamoto et al., J. Appl. Phys. 103, 064905 (2008). 2) X. G. Jin et al., Appl. Phys. Express 1,
045002 (2008). 3) M. Suzuki et al., Appl. Phys. Express 3, 026601 (2010). 4) T. Yasue et al., Rev. Sci.
Instrum. 85, 043701 (2014). 5) M. Suzuki et al., J. Phys.: Condens. Matter 25, 406001 (2013).

,1,

CONil

’CO Ni
5

5 4

Co NiJjCo Ni |Co Ni
2



HA -5l SR VRT DL 2017 AC-P17
LR EDNREMICHT HE
ik 2
et BHENTIT SR LS. RiEL ot 7 v —7
e-mail : fukushima.sei @nims.go.jp
1. Bx

FHINZ Lo NTT — Xk L TR A 7AW 2 i L CL B R RE2 5556, TOAE T v
T AOYBEM YL EIEICT S BT, B HEFHESEN G 2RI LB O N KA R
ETh D, FRoERmbLFoI Tl s S RISk 2 WEEM Z L 2 ST 2 FER LN
BSGm0— Al OfELIE, FEH EIZBWTHHAETH D,

T2 TiE, WNEKMEBROEBLZE U CTH LN DI EN D BB AR TR £ TONERIE
Bleicxtd 2 —AlE £ & TRT, T, B0 R A —RIBOEIIZ O T LT 5,

2. F—BBEBTR L VBV ITRONRENEIL

FHJAME R B AE TR, EAMEIZERT b0 L L TROEERTREETHY
I OMEILFRES O ST OBEENE L S 2 /-2, Sk BRI S D 1sS5 O NFTE(L
IFEBLFREASICEE LW, FOTRAX—DELIZFDRFOT NI v VRT3 v )L

DEALIZKIE L TAET HFICR D, ZHET b, METFHFORERETRELIZDHTFOH
B DOEACIZHIE L TW D FEERT 5,

EOFBEHBEINT D & NRRHEN SRS 25 F T, K<HEMENTNDLEEBY THD, 25,
B Z1F 2p W & el L7z 1sHLEDO B LD K& &1, AREMOZE 3s b L< 1 3p Bl AT
TRENTWAS G, 3dIE THRL SN TVHHA LY bAABL ERE WY, Zhid, 3sk
KO 3p#uElL, IsHEOHNIIZ A EREFEESMEZAE L TNDLTD, ZR AR/ 3d il
BED L ISITHTLHIRENRKEIWVWEZDHLEEZLND,

3. Bl NX—RRICxT 2L FE/BEDORE

mzfxm@MEfam&2mﬂﬁ%%R%5wﬁme5fumMWﬂmeL@wwemo
DOERREPBEIRE TOT N R 2 FENBIHTEZ 5, X112 Ce LO!12®1,§ o, Rl A EBIC
WHT=0, HEREBE LI T AX —HEZITo RN OIX. ZORHGE iﬁﬂtﬂtﬁf (-7 1<
NAAWER RSN, Fe 50 200 & 200 DRIEZEL _ob\f%ﬂ%@f* AR L, T
DAY MNVELITITER B O LTS T o, ZEIEORF G OZLN AT OREOE L%
ELEETWAIEIEDIRBIND,

4. SHBOREH

BUE, v BHHIC DWW T, B RIR BRI O X # 58
W TPHD HRCXS AT ML DT —H N— A5 %
BHTn5

BE R
1) S. Fukushima et al., Anal. Sci. 26

p.253-258 (2010) 1 CelLa,DEALIRIEIZ L H=F/L¥—

AEEOEVY (IE .Ridmﬁ%
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1. HFFE

FRIZL D SEIERFHUT —FBHBONDEN, ZDOAE T —HZRLRT —ZIZONT—IEH
WEHL, BoFANEHTED LT 2WMVMATS ETITOR T I otz, o, B
S TIIER SN HEN R D0, BOBMTENTNOT —2 2iEAT5 2 LI13# Lo
Too AlENE, FHT —ZIZONWTAZ T —F L ERT— 22T 7V r—var EThRa L, HE
FERETCHNT —# kT OO T — X A X T = DANZET TV r—a L OR%
2117,

2. 77XV r—a vy OBE

KT 7V r—a 0%, IS LA
FEDT T L— NEGiRIAIS, T Y r—
Ta v BT O HEE A LRI
EH L BRLT — 2 LFEERRE e EDO AT,
K EBRLF IR LT T — 2 O
L7c BB OS2 E%21T 5, ATNZEBNT
1%, ZREECHEI D ERSEMFD X 5 7tk
OGRS T D ENTE D, T—H—
BWIOREE T, AN LieT —2 —E LR
FEGE O LR ANERETD, B LT
F—HiXzip 77 ANELTHE Y =]
THIENTE, ¥ura— KT —XF7
YT L— e LTHMMANFRETH 5,

3. MEWHERLEFICKDIATNIZE

T 7 b— MZIE 100 282 HHEE N
R SAUT WD A3 ATJE I3 5 iRE & H
WHZ LT HEREZICRE#BIN TS
NEBEHET, T =X ANEITH Z LAl
&b, £, BRANA VF—T =—
2EAFR DI LT, BFRICELDT—F AN
AR L Lo, £/, BFa~v U Rk 5
N L 0 | H R CTOIE A BRBR OB R ALEL
EATHOZENTED, 2O LI, ANFHE
DODEMHEWD LN b MNERT — X % A
JITELHERE R I LT,

X177 r—3 g O8fEf A—
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AT —~ TIEEERFICHE S - BT 2B EER OB EE Y A I 7 ZAFHIE1T
1= DI AT > TV D, AETae—L 2 b7+ ) U EFA L R 0Bk
REFEMVEBE R IC DWW TR 5, 2 U =22 (S1) @ (001) ENEHSEARERER TR Vb TV 5 5
WCod DM, MEERTH D HINE D ERAEW O, 2D FIC X D IRE O -V LAY
HLER O A R SE LRV EFEITONTE T, U U LM GaP) 1TV 2> &R EHNIE
HIZH < L 1E & A ERMD 72 WRE 21> TF OJR TS 4 % 7B CHET % 2 L N ATREl
2o TS, L LR EEROE IREBIZICEE AV D5 Y8 7506 (PES) 1X, O
WSRO RS D720, SHLNTZREIEATHZ ERRETH D, —H T, -V E-EE
TlE, HRICE > TEZBEENERSND ZLICED a3t —L 2 MEEEWLO) 7 + / v 23
FENDZENFONTWA[L, HEERTOZEZBELENRE VIEERIEEOat—L > F 7+
JUINERTAOT, W7+ ) VREN S B OKE S EHEMH
T2 ENFEMIIZFEETH S, Dbz ETERR2S F—t
IO GAP T =T 7 —IZOWTITERSMNE 400 nm 7 = A RPNV
2L —HF—% WL LR 7« Fa— T FFRNEET, 7
+ / CIRE E B OERNBEGRE RO, WIZ, B D lE S
T SI(00D)FEMK EIZERk L7z GaP i (K1) 22>\ CRERD K
FERBIE TV, BllS-ae—L o b7+ /00 (K2) 1B
g2 JtiZ GaPIS R OE IREZFHE L (K3), Tk
BiZae—v v b7 2 U0 ily e fm o B IR B
WICHTEDLZ L ZHLNIRTHDOTH S,

[1] K. Ishioka, K. Brixius, U. Hofer, A. Rustagi, E. M. Thatcher, C. J.

Stanton, and H. Petek, Phys. Rev. B 92, 205203 (2015). 1 Si(001)HAR Lzl =
[2] K. Ishioka, K. Brixius, A. Beyer, A. Rustagi, C.J. Stanton, W. Stolz, K. _ .
Volz, U. Hofer, H. Petek, “All optical characterization of electronic bands at 7= GaPl O[110] 5 1172 5 0
buried semiconductor heterostructures by coherent phonon spectroscopy,” Wb R 274,
Appl. Phys. Lett. 108, 051607 (2016).
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> at interface
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2 GaPISiEUEL ORI S D 3 FEBRITROONT- T o VI N EFET S L0 ICHEA
PRENAL ST L 7=GaPISiEEF D = R L — 8 R DV SRAEME,
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Virtual substrate method for nanomaterial's characterization

Bo Da"?, Hideki Yoshikawa?, Shigeo Tanuma®
!Data Science Group, CM12, NIMS, 2Surface Chemical Analysis Group, Nano Characterization Unit,
Advanced Key Technologies Division, NIMS
DA.Bo@nims.go.jp

Electron beam techniques such as SEM, XPS, and AES are
nowadays intensively employed to study the nanostructured
material. In these techniques, when a sufficiently energetic
electron strike the specimen, it may transfer part of its energy to
the solid state electrons, this lead to the production of secondary
electrons (SE). This electron-induced SE emission phenomenon
is inevitable but highly relevant in these techniques and plays
totally opposite roles in electron microscope or in electron

spectroscopy. In electron microscope, high yielding emitted SE
signa isthe major source to form image in electron microscope,  Figure 1: Virtual substrate method for
but just noise in electron spectroscopy measurement. Without graphene/gold system.
exception, these emitted SEs in measured spectra are treated as rubbish and corresponding energy region is
defaulted to “forbidden zone”. Relying on existing experiment configuration, we have no opportunity to
understand the low energy electron-specimen interaction properties, especially for nanostructured material
with substrate. Here we propose a so-called, virtual substrate method, to study the nanostructured material
with an exclusive tailor-made substrate by common AES technique. Based on this virtual substrate method,
we can identify and drive part of SEs excited in substrate as probe to investigate the electronic transport
properties or SEs excitation and emission behavior of supported nanostructured material. Precisely because
of the employment of excited SEs, this method can work in the whole energy range, even down to work
function energy, thereby “forbidden zone” in SEs energy become a history. Due to this virtual substrate
method, the scope of electron spectroscopy techniques are greatly expanded, especially for nanostructured
material. We believe that this virtual substrate method will provide a new benchmark method for
nanostructured material studying. Furthermore, we anticipate this virtual substrate method to be a starting
point for devel oping other combination measuring technique for special target.
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1. %8

X BBl (XPS) 1%, WEERMmICKIT 5otk OMARR L OB LR IE A JEMIENICH 5
EMTELFRIETHD, WESMBIBZE - PRICRNTZEDTERVWFEDOESDTH D,
WH O XPS TiE, Al Kok XU MgKa & W o 72 R R L X —X f a2 A& L TRIAT S
7o, HEFOEHZRLXT—PMMES MR B, mWREBEESEGOND, —FH, LVET=x
X =T X EANFHE LTHHT 56, REBEIETH D &) AN %b%&wﬁ\%%
DEFOEFI = XL X —NI D EL 2D X VIEWERAZBIET 5 Z LN FREE 72 b, ABFZET
Cr Koffa AR & U7 FEBREAEE X Ll 00t (HAXPES) #EZ Ak s LT, ﬁﬁ%ﬁ
726 20 nm FEIIC I 1T DAL - BRLIRBET 0 7 7 A N EAG D T O DAL R OB 2 B &
L7,

2. EB

—WRIZ, TEHENEE O X BRI T D964 A AR I/ D S Wi, EREICBIT D
HAXPES I E IR ASBLE TITO 2 ERRAIRTH D, EHEMEE T T v M7 r—HMTHAIN
7o HAXPES 2B O G E S~ =t = L — & — %&LL NIMS & Hf 1 6 DB E 245 TRAS
Pl 2R Lo E &, B OEENRT T 74V —ICkT 2B FORNHAEAIE L T DEL
xR - BB LTV

3. BHE

B RE oM 2R TS EIEREIOBLELZ RS-0 ) a VEREZER L, S8R
AUBEE LTl XPS 36 LU HAXPES JIlE 2 S L 72, R EBUe i@ XPS Tlid S 2p B &
NS 2pap ICHEIK 5 99.8 35 L 10 99.2 eV T D B — 7 (2% L, 105eV DV =t U ER LI
BENDLE—7 BN EN TS, —J5, HAXPES Tt X 0 IRWEE OB RO %5533, 20 nm
DY A UFEIEDSTER LTCIREE TS, KR E LTErfiov ) a s d B — 27 BB
ENTW5, BE, A—F—L TCWAHENBRAT—UNREREFE., 0B Z%5% L Lz
453 iR HAXPES S5REBR 2 i L. M HHET 5,

X1.2& (ad)5nm, (b, e)10nm B L (¢, f)20nm DV 2 U ERLIR CHE S ni-
YU arERmD (a b c) XPSE LD (d, e f) HAXPES A7 KL,

,1,
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EPMA IZ351F 5 1keV LU T O'E &R EL D Fr it

B

— RO RICHT B B ROV T —

VAR EE, I semf, HVE OBk
[ESZATIEBRFIENE - PPEMIT e
email : NISHIO.Mitsuaki@nims.go.jp

XU DB~ A 7 a T+ 74— (EPMA) (F)A < SPERHIC WV B v, EREOVTEIL ZAF
EELTREMYLSNTWS. Lo, 2 EHIOcEEDORICFES Na, Mg 72 & TITE EWRINEREL
sz,%éﬁﬁ¢@@#®%ﬁ%§u%%&bf%%ﬂ%éﬂfw o BUTE, Fex XK
Ofim LA HET ey ho—BE LT EPMA 2B %r@miéam’%aww
%@@ﬁﬁb%ﬁofwéo%ﬁ@EE%W%ﬁKm\wmmﬁ&%ﬁizw%*%mu T
BHERBAEICHERE I A TWDS, SEOBRFHIE=Z 2V F—#HETH D5 BKa lZXT 5
Ce, Pr,Nd OB &WINERE A BEF O T — & & Fox D X B EBELAENT > 7 & (FEFF) 2 X VR 7
B IURE 2 I EERE A O 7 THEE 2t & WO CTHIE D & B B IR S A HEE L7l & b
LR a2 mET 5,

[ BRI EEREAN D CeBy, PrBs, NdBs & AZYEWEL & L T LaBy DRIEE D XFRREE A Ko | 513
il (K,,) & BENE (Koo DY Kooy / Ko =1 1272 D E ERIUREZ SR DT, EPMA OWIESM1L, IHEE
J£ 15, 20, 25, 30kV, XAROHEY HUMAEL40° , WEAY MUV BKe, 2EkEdmIE LDE2 T
bD, HEWIUREZHEE LB 55T, ARSI A v 20 B AR E FVC ZAF 3512
KR U, £ HEE L2 E BWINERE & BEF DT — Z ~X— A D Henke, Heinrich, NIST, EPDL97
$ X OV FEFF OO/ S AR 2 b L 7=,

[FER B LOBE]IMEE OHEE L7 BKa lZXF9 5 Ce, Pr,Nd OB EWRIURHUIL Ce @ 8242. 9+
145 cm®/g, Pr : 13827.4+277 cm®/g, Nd : 21111.8+382 cm’/g Tdh 7=, BEAEDO'E BEWINARKIT
Ce {2 DU, Henke : 8215 em?/g, Heinrich: 12397 cm?/g, NIST : 6286 cm?/g, EPLDI7 : 6111 cm?/g,
FEFF : 14755 cm’/g T& V| Henke D& X< —FH L T 1%L FDREZETH 72, Pr (ZOWTIE,
Henke : 11714 cm®/g, Heinrich : 13230 cm®/g, NIST : 5674 cm®/g, EPLD97 : 8207 cm®/g, FEFF :
14983 cm?/g TH VY | —F /N X WERZE T Heinrich DfE T 4% T - 7=, Nd 122 T, Henke : 17042
em?/g, Heinrich : 113879 em®/g, NIST : 5675 cm®/g, EPLD97 : 10296 cm®/g, FEFF : 27842 cm?/g
THH WD FTHROTFT —FR—=ZDEICH —FET, —F/N SWViRZEIE Henke DB T 20% T > 72,
é@@%%%%ﬂg\*@ﬁ@giwﬂ%@@ﬁmﬁﬁﬁf o ARSI & 52 T D =RV
—DFAAGOHIZ LTI, TRTORLEDERICTHRT — &«—xki AV/AY AN
Lo T, FTHEFO B OEBIITEFDE Eﬁfﬁ G HNTHEITIE, BURTIXZED
AERRRT AR LT DML ER DD LB LD,
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1. 1ZC®HIC

RIS, HEO, 13T b T A A BT L D BRRNEIRANIC ANy X ST HE IZEIL SN D
ZEMMBNTND Y EOT, Wl DA — Y = RS IS L0 HE0, DTS J K
O3 IERECRHI T 2 2 S IXREECTH 5, —F7, EE OB LR A AN ©— LA —
VaRETWIHTE AE, T A A BRI D b IR T ER A LTI T & 0Tk
ThHY. AFVDAFHAEIIMZTA AL DTRNF—2BRT 5 L1080, TAraoA
7 BREHC K B HEO, D T A Ik T & 2 WTREMEN B B,

ARFTTIE, BIEAEASF E— A4 — 2 = RS HWHTIT LD HFO, #ilE/Si HbfihE D4y
BTV, T oo A BREHC & % HEO, HEBEODIRTE & I C & % 555 4212 DV TR
Mt T o T R s T %,

2. EBR

KEHZH W BT, SV AL —Y—FT R v g B Y Si e BT HEO, # % 55nm %
ERSELbDOTHD, A=Y= REGMESHIT, BT A5 E, A4 39 E (WFibik
BRIND DAE) DR TRIEZAT 5 WHIE & @ERRLV Y —2 BT 86 ., 4
83 FLDOMMEA LS & — AMEDOEIAIC LV MEZ T o7, T LT, BONTZBRDOT T AT
77 AN BIRESRE (84-16% FUHINE) ZFEAIY | A A A LOA A4 ke
JE & DBIREM AT, AV REII AT RA—Y 2~ 7 v 7 v —7 JAP-9500F TH 5,

3. WR

WL, RIRA AR E— 2NEOBETREZIT ST/ R, WO FiETH HF0, DIE L
ZHHIT D Z LITTE o7z, L L, MR AL & — JEDR S 3 MREREIEA A I
TEIE 2. 0kV, 3.0kV DENAZHNZH0.9nm & 1.5nm TH Y | WHIEDOTE S DREE (1 A 2 ik
FEIE 0.5kV T 2.2nm) &N TRARBERNGONIZ, S50, FIEOBREOT 7 AT 17
7 AL, ST EERE ORETENE TOME L VK 2FIm < 72 5 B2 R A R L, SRE
EFLIZBRO BE-NVY A=V = B2 (3 RSB = R L X7 F LT D Z &b o
oo ThDBL, —EIFAS Y Z Y 27 K0 ETE U HEO, AU H I 351 T2 DI BRI 7
TETOMBLMELTMELIEZ L 2R L TR, MRAE TOA 4 AR REIZH T
DILFEOCEFHESEDL EEZXBND,

3CHk
1) J M Sanz, Vacuum, 37, 445(1987).
2) AKEERIR, KEMR, &, HEER, RmF, 32, 664(2011).
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TI9rL2UXS AT SEMAEIARILFX—SE RHEI[FOREFE IS AH
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EATE TIMEE (SEM) 1%, BSOS B TRLABBIE 21T T/ <, REBEMLER 2L
T MEME OB EHICES R SN TS, SEM O L v X LTSN, ~— 3
VLR BREBAESESL X (Gemini I//X) KEBEE—LBEAY ¥ —F ¢ o 7%=
fire. AL XMt & OMAEDLEIC LD BN L SN D ZREFHE T 2%
E<ﬂ%VVXWK%%\I*w¥~74w&~%%ﬁbf\:ﬂifﬁ%ﬂﬁwﬁwaE@ﬂ
BIEESND LD oTc, L L, 2o ORI, —IRETICRERIEN 2RI 720
CWRETOEB R NLFX— AEBIORELHET HOEREICL WD, T, kT Y
M/*/x“i@ SEM TiE, RAEHE EOKFE TR E 2 E 7 & Everhart-Thornley (ET)
MR L2 kBB L2 8T 5, LnL, BT *ﬁtﬁaﬁmnﬁ@%< . RBEREBEe & CHIEL &
nf:‘ﬂ%aﬁ% (SE3) 23, RO “REFOZRLF—FRITIZTE A E/ LR,

SE3 # R\ “IRE RN E T2 = r VX — B Sz SEBEZBUGT 570 K 1 ITRT &
Y72 SEM OT U h L R ERBIOMICEHE T 51— S AR O " RE a2 B Uz (BRI
%% (FD : Fountain Detector)), FD (ZfiE T 2EFD S E TR F—DFFLZIRTE 5 Y,

ISHBIE LT, Cu/Al #A HIEE O BMILAEY OBIER 21X 2 127”7, SE GBI ET:
5kVICTITo 7z, BlEk, FDBOENEZRY =3V X —7 g VX —g L L1z, Cu & Al D&JER
{LEIE. EIT CuzAl, (5 FH). CuAl, (8 F1), 3 X TF CuAl, (0 #H)-Al FE4 D 3 FIFEET 5, FD .
ET 14 & HICHGELRE D BV Cu-rich 728l iZBA 5 < . Al-rich 73 EUZ TG o TS, —J., T+«
A —TIX, CuAly (0 FA)-Al L FEIE D 2> N7 2 R23, X2 (e) [0-10 V] & () [40-50 V]DORT
R LT,

BT, FHEHBRIZEDRT Vv VEERBEO Y b T ARNMIHEVRELRNEEZD
NH0T, HEREBETHRONTHEREZBERLEKT S LICLY, REART Vv VO
ENRED Z LIS NS,

Electron

Beam .
Reflector Grid‘ I Objective Lens |
‘ ______ Shield Grid
R
ampln ______ E2 (V
Amplifier €—— MCP e
’//A‘ Cu CuAl
Y uﬁ‘» [=]=} RTINS - i
1 mpykmEEs (FD) m;-@t. 5 CuAlHEA REED FD . @0 V. ©)

S W o CAX B )3 L R \ 0. '
HEETH B, 4 /L2 —18(e) [0-10 V], (D) [40-50 V]

BEIR
1) T. Sekiguchi and H. Iwai, Jpn. J. Appl. Phys. 54 (2015) 088001
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WWEMEQ—L U YEMIREIZEL S
HimDY T/ Rr—IA A= T
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0 — L Y BB IR R O RIS A KM T ) A — VRIS T S FikE LTHW
LHNTWD, ZOFETIIIML AL iE T 2D THICMET L L A 2ROV ITHWS T2
O, ZTOLV U AOEKEIN A XL OEINGEIZ X VB O fRRIIRE <HIR S b, AROFZE CIrIEkim
INERIEER VB O0E /7 n A —2 2V T IO OINELRKR TS, n—L 2 Y BDZ%E/MS
fiEnex ) LS, BGAEY T A — )V CHZEMBIERT H L ERAT,

P51 - ST FEI Titan Cubed (MNEEFEJE 300kV) ZHWV, Uy —r 7 g L&l ) 71 A
—Z ROA A — TR AR GER EAEE 2 WD TER AT - 72, ISR IE BT O BRI SRS
8000 MM TH 7223, Csa L 7 X —%HNWMIEICEY 6mmIZETHAD L7z, EHIZE /71
A =2 HWTARE RO XL —IlE% 0.88 eV 705 0.14 eV (I &85 L IFHRIRM L 0.6
nm E£CHETHZERHLNTRoT, K 1 ICKRFEEZHWE 214 Bk~ o 7 B
Ndo2Sr1sMNnO, DEIELE R A2 7R3, MnO, i O FFEIZXIET 5 0.62 nm O JFHO# TR ElE2 X
NTND, ZHCEVBOERES 06nmM U TFTETH ESND Z LR TEZ, 51T, AKHE
ZRWT, c iz [Blisf & 35 58 AN Z R T EE Dy OB 217, JEl 3.4nm o7 1
NR—=27 Y a—iEEOR— L YRR LT,

1 IEMIE r — L Y BAMEEEIZ B 1) 5 (a) Diffractogram 35 & U¥(b) phase plate, A J5i%% Fu»
THEIE SN (O)EIR~ v B Ndo2SrieMnO, DR 143 & OV d) & B AR % =47
+¥i4)E Dy on—1 v,

BEIR
1) M. Haider, H. Rose, S. Uhlemann, E. Schwan, B. Kabius and K. Urban, Ultramicroscopy 75 (1), 53-60
(1998).
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1. ZLwic
a9V Mg U F 7 A (LiCoO,) (TR E#EELZ AT 2 —ftEkimcdhy (K1W
A, VFULAAy ZIREMOIEMMEE L TR I TS, EiHE 7 IHK
$ilk (TEM) LB 3rAF—HK0 0% (BELS) % AW C Li-K WUin & Fa 3 5
Z LT, FHERD LikCoO, D Li g x 2 F ) A— ML Ay — /LTl cx 5, V &
Bl DR 2 & D DAL b T 2 B E LT N AR IR Th D, ABFZETIE,
LiCoO, (23317 % Li-K Wi D 5t % F28k & BEREH ELIC LV B S sz Lz, 2

2. HiE

Li-K Weludie> EELS FHHNCIEZ, &/ 7 1 A —& Z4&# L7- 1% E 7 BHM4EE Titan
Cubed (FEI Co.) & 43325 GIF Quantum ERS (Gatan Inc.) % AV 7=, HIE#TEE X 80 kV
L., B¥rE— RTHM L7z, F7=. Bethe-Salpeter Equation {252V 7= Li-K WX i
DFE—IRHEFHR AT 72,

3. MR

X 1%, BIAZAEREE LT, BERAR G EE 2 728546 O Li-K WU fER
® EELS A7 hAEE DAL Z R LTS, 614eVALEDE—7 1L, c i AK D
AR T a i AT OLHEITTH, T OMOBEIEEICE LT, afii AR Tl c il
A OGEOME (X1 oH1) &35
RHNEICHRENEND, DT
VX — A Li-K WG & AR

LTEEND Co-My; W U s D i
AT AT RS R Li-K W 0D B
FTHENRKMINTWD Z ENbno
oo —HMERESTH B LD, E
TR AEDY ¢ WIS T 7R pk Sy & 1
By & TIERR LT EE XD
N5, AT, EEREBELS#E EELS

EHEFREEEOMEE L &b TH
R 1 LiCoO, fi i (FFAR) & LiK

W ik > EELS A7 kL

ZE 3R
1) J. Kikkawa et al., J. Phys. Chem. C 119, 15823 (2015).
2) J. Kikkawa et al., submitted for publication (2016).
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A RABEK[ TN RILE— AT LORFED
FEASIE 70250 BOTAIR Y, R 2

B

UV - MOEHITIERERE (NIMS) SEBEREEFHEAINBIYE 7 v — 7, *NIMSE FHMEIA T — 2 a &,
SNIMS T/ MR PR B, BURELR R e WE - $PB LR
e-mail address : HASHIMOTO.Ayako@nims.go.jp

1. ZC®IT

FRTE A PSR (TEM) 1%, i L ~L TOMBIORELER 2 Bl42 - /0 T & DEHIIFED
—OThbH, LNLAERDL, BFHEEZANTWAID, BEMEERNITEZIR R T U b,
—Ji, MEtOZ 1%, ERHP 7R EOMA e T AFRK T CHEAINL TS, 22T, 4FT, &
BRI IV S D AR 2 & 02 OFTEME 22 AT, H AFRPE T TINEGS T& kR
NE = AT AEFELTE e, FEEIC, 1 PaREOEREHEKATTC, /772070 —7 LD
F4T R OB 2 TEMEIES 35 2 LT LS, BRI E A ol i RIEN H - 7=, A
WFETlx, HAFHKEHOLEMEOR Lol EHLEENEZRE T2 EEH a2 ha—
TRV T ORBERIET S Y 7 b= T BHIEA LT,

2. ZTOBRBERHEIRNLE —DH AESHIE

M1, BA¥E L7 AEFEK FMEBGRE ALV — 2T AOBIKK TH D, AL AT L TIE, H
AFHRE TR EE D T DIZ PR R EZFIH L, SEREEOETI3 ] PafEEIZ7e D K 9 1T’
L7, MBHOE —% —F v FITRETHEHT, BUNRLOBRW=A Y 7 ¢ A7 L — FTHEA
AFx, WFHZIEBUNRE NG 2R E Lz, H A X, WG R ) X - T, AMERO T A G
AT LETNINEDOH AL 7 BEAT D,

LorL, sREREFEOZMITIEFRIT/NE L, HRAEA ST ORI S 23 3BT EE D)
DRLESIZORNB > TV, EHIT, KVATATIE, HARITAY 7 4 A%@-> T, TEKEN
WZHER SN D72, SEHEEZ T Tl BMENDOENTHEELZ KT L T\, 22T, &
BHEEEN 2R ET 2 8ZE5 2 b —J 2 %R Lic, £ ET D EIMEZ KA 22035
Y BENS LT AR S Y 7 by 2T HIEA LT, PRERT ¥ o N—TOERTIE,
T BREN S LTINS B EEEZLEESED 2L TOREWBEE NN ET S Z L R LT (X2),
2. BbhiZ

T AFRHE FINEGREL RV & — 2 2T L OREHIE DO T AL B HE S & D120, B =y
fe—Z%2%B L, Vo VBB LT 2RSS Y 7 h o7 B8 AL, TRERT v N
—ZHWT, ENOOMRITHERTE N, 4%, EBEOTEMIZHA L, FEBREITo TV ETZLY,

K1 ZOHRBERABSLY =2 2T L X2 v & RN ) DA E)

,1,
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AKE#E EDS #®H 28 & Virtua pivot holder D A EHEIZE S
EMERHIAADE L
B FIE . ARAE ]
NIMS
KOSHIYA.Shogo@nims.go.jp
1. 5% B

T BEAEBET L ML T o 3L — M X 545 1 (EDS) I 5 AE O 1/ IR A 38 4R L
0~20 KeV 7 & DV 3 L —#ifH 7 B — IS X ALY P ETGRRETH 5725, B
EVE - ERICHESHT O & 72> TV D, IEEE, JEREO SiLiiEERIcb - T, @l v
v Rl— b, SRESTEARENTERY Y 22 FU 7 MRBESES AV LRE L HIck-T
XTHEY. FTL, ERHESTAATIED =512 100 mm? 218 2 5 KRR SR8 E A E A — ) —
MBFERINTND, 2D LD @ NAAR A - RimfER e 2 FZERICHEIZH WA ITH T > T,
SRFOHEIR L AR, BLOEBICLE NI 7T 0y ROBEEEE L= ER07 RN
FRmMD - LIIEEICEECH Y | AEAEREE V2O OO FEMER STV S, V2
R TIE, KEFE (100 mm?) EDS #iHEe % v, AL 2Tk, MBIk & i b3 % =
Slcky, EmSIEAEn LTS L ARE LT, D

2. EBRFE

FBRIE, EAEERE M (FEI 45, Titan®) & EDS#:HIZE (Oxford Instruments 44, X-Max™
100TLE)Z vy, IMETEE 300 KV, 7' = — 7 &&if 100 pA, AzhEHHIRf# 2 100 sIZf%E L TiT -
7= BUEHZ. Ar A AU BFEEIC K 0 /ERL L 72 NiO B EaUEH, 3 KON IR O /00 B EEH NiO
% #k il B (NIOX™, Ted Pella Inc)z V72, 26 OB %2, @ oo Atk s &
(Std-holder (FEI #1:84)) & 3UBHRERI /3 DIEIR DN i (b S 7= 73 /L & (HATA-holder (Mel-Build #1:44))
B L, RAAERM 40, 700 O T — X ZEE LT,

3. R

1(Z, Std-holder; @ & HATA-holder; W%
WCHIE - BE 21T 72, KRV A EAHE IS
BT D IR A T, RAVZTIRD &
WAIZ K | IO FEHERHR 2 2R H OB
DM LR TE D, UL, mEEEEHH
DI=DITiE, REFR A RICONTHBE L
T EBRRMOBRENPMETH D Z L il R
THERETHD, HHIL, RS RV 2
BOBEIC LD, EIKADO S 7251 k-

IZDOWTHREERZT D,
1 A ARV SERMVE RT3 1T 2 i AR
BE R

1) R.F. Egerton et a., Ultramicrosc. 55, 43 (1994). 2) J.C. Bennett et a., J. Microsc. Soc. Amer. 1, 143
(1995). 3)S. Koshiyaand K. Kimoto, Micron 93, 52 (2017).
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STEM-ADF 2D EE:TRIZ K 5BBRERHIIL AT T4 FOEERFEH

W @A e e A kb AR pEE T
YR - MPEHIFSERERE. * HREM Research Inc,
e-mail address: YAMASHITA.Shunsuke@nims.go.jp

1. 8

R % E - B SEE % (Scanning Transmission Electron Microscopy) (235 1) % Btk BE RS (Annular
Dark-Field) £ Tld, ADF fiH#sIC B L2 B O AH 7' v — 7\ 328G (RFECixz
NEFEREIL NI A NEMES) ZEHT 52 & C, B 7 e —7ERESS ADF RO 7 1 5%
DEBRFMEITEKFELRWVVERGE SN[, EBIVFTAMIVIaLb—valfliReET7 00T
A TIINTG A== HWT IS FTRE R 720D JER AR JR FEGHA 72 & D E B 7 i i
WraRZBcE iR H b, INE T AL, E5BRHROIERIZIGE FAVE %2 SR R 9
HZ LT, EfglREREa Yy T A MEHUDFREZR FELZBRFE L[2), g/ 7 7 2 DEE=a S B
FAMBRYI2b—rva UFEREBD TR —HT 252 L 2E L TWDH[3, 4, AWFETIE. &
#ar T A MEHINFELZERER I VAT T A4 R MCh, (M : BB&E, Ch: hral o onik)
WCHEH L7, BIEEEZ AT 2EBER I V2T A FiX, FO8BM KT va s ik
Ch OFELEN 2FEHH V. BEOLZE (AT A, 2H B%%) BNFEET D, EEa Y b7 A FOFHHl &
Vial—Ta ozl EBRERI IS T A RNORBEGHUSZ N A Al RED Rt
L7z,

2. EBIGE

SEBR I I3 BR N FEAT IE 42 AT STEM (FEI #:84 Titan®, N EE £ 80 kV) . ADF #: i #% (Fischione
14 Model 3000) . FEMINELA L4 — (Protochips -84 Aduro500) % ffifH L7, #EHZ. M0S,, WS,
* % ) — VK (Graphene Supermarket) % ZiLZiL MEMS 5> 7 BIZiE F L7k, #lLicd
D % T SBHG YL D BB A AR 5 72 60 ilBE & 600°CITHNEL L 72 54:fF T ADF 2 lfs L 7z,
A HUEL T O A FE R 2 25 2 T2 O SR lic W C ADF B2 B L, &4 cEiEa v b
FARZHB Lz, VI 2lb—va VISV TFRATA R EERIEAL L7 xHREM with STEM
Extenson (HREM Researchinc.) ZfEH L, FHllL7-E&= Y N7 X M ERBR LK L, 7
— X DS, fEHTIZ1Z DigitalMicrograph (Gatan) ¢ Script Z {ER L L 7=,

3. MR
FLZEGEIL & 1-3 8 Ol A & T E T THUS L 72 MoS, © ADF
B & Fig. LITR3, sHIL7cE &= v b 7 2 MIEBITIZIE G
BILTEY., BEGHIANAIRE TH 5 Z &b T, ST
DREERE LT RICHOWTIIY BRET D2 TETH D,
[1] J. M. LeBeau and S. Stemmer, Ultramicroscopy, 108 (2008)
1653.
[2] S. Yamashitaet al., Microscopy, 64 (2015) 143.
[3] S. Yamashitaet al., Microscopy, 64 (2015) 409.
[4] LFESr, AR, AARR), SMeE51% 3 5 (2016) 181, g1 B L7= MoS, > ADF
BIEE © AW O —EITFFIEIEA e AT =4 AL G ORIRL L Fiae) OXEEZZ T E LT,
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BEFE—RFEIN R L F-BSE CsERFMHFD
STEM-EDS [C &K S &R E TR
BRJEES L /a2, R, SRt
L WE - MORHIFTERERE, 2 TR
HASEGAWA .K otone@nims.go.jp

B

2011 4F 3 H D& B 55— R TOBREMIT X - T, FTIF 0 DAk & 2 i T e o il ek
FRRLAFICHREBL . REITEA R BREGREEN GV TV D, BYICO 5 AMESARER~D
WEORRE L, BRMHEYE OB L FRMERIC BIKTFT 5, REWE - KL OFFMCRET TO
FBIZOWT, b RWEANREEN TN D,

I E TICKRE T OISRk 2458 L. 2 OFER2 b5/ 2 o8 L7261 (11138 5 28,
Z D X D TR 7 O NS SN T D ILE AR R T pliX 720 o 7=, £ 2T, ARBFET
X, HEICEE LZER I~2um BEOHUN et U A (Cy) BRI FE2HETLIE LB, £
WA A e —24 (FIB) 12X 0Bk O Wi skt 2 /ERL L, 2 DO KK SDD i HH#s % 2 L 7=
EA I E - BAMEE (JEM2800, JEOL) 12k W ZDmHE Az ifilic~ vy v 7 L7-[2], X, TES
T DK Hi%s % i 2 72 STEM-EDS(HD-2700, HITACHD IZ X v . SDD Hl s Hgs L v EicEm = x
VR — 3 ERED EDS AT MV EFSD Z LT, Bk O E TR ORI LTz,

TR O—F & LT, CSEHERMBLFHICEENDIEFIT/NE T /it OxFE~Y vy Tk
LITRT, TR FOEZLIL100 mEBETHY . Cu, Zn, Mo DAL TTETWNWDH I LD
2%, KT Cu ORI OWTIE, EFEHT (K2 kv, #dh (digenite, CuS ThDHIZ &
DB LT,

W, BEHI RIS O 1L Dkt L 0 ZERRTE 2,

BE R
[1] Adachi et al, (2013) Scientific Reports, 3, 2554.
[2] N. Yamaguchi, M. Mitome, K. Akiyama-Hasegawa, M. Asano, K. Adachi and T. Kogure,
(2016) Scientific Reports, 6, 20548.

4 1 R FAfko STEM 2, Al X2 7/ Kif ok~ v 7 (STEM-EDS)
M 2 CoORFE~ v TBELE



H£A 5 BRIV URIDL 2017 AC-P31
2RILHDIR T 4y FERALVE
EFHEMEICKE IR FERATEDSREL
= e Y2 BEKAREVICH Ramar?, FRCEE 3, 47 o kst 18
YV - MEBIIRZCHERE TR SR S S B B S L AT B 5 2 L —
ZOVE - BPBITZCHERS - BPRIERERFZCHLE.  APRL R B IR L —
SVEL - MPRIITZEREAS  ERBESE - JLAEM B TEEMEER T —2 3 v
Mitsuishi.Kazutaka@nims.go.jp
1. 1IZC®I

BIMEEE, MEIOMMEE 2 BT D OICIERICHm N2y — L Th D, FRICH| R
P 0 25 2 & T UM B O FFTHEE D S ORI E 55 Z LRk D, Lo Lans,
B A BB E DRI X B O FIERICH AR TERLS , @H, BHRRELEZ bR T0n5, Zh
1% X #R & bl U RIS ATEICE X D FOHROMR L v X2 AW TS Z EIER L, %
ERBE T v FTUDEZTED Z ENHERDLI N, MWEEEZED 2 EIXE LW,
Uesugi[1]iZ. #lkHE HICHE S=9 4 2T 10nm OfL Y & Takeguchi[2] 512 & - T 5E F
BWBEOT- DI SN Y BRICLDHBERE VAT AICEY, B~y T 255 Fik%E
BREL TS, EVRFICEIVRABZEET D L THRESD ZOFET, ETEMEDN
FRIFEELLLEETINED, RV XD AT Y VAR RN 7 NORELZITIZSL, &
DI ARy N OMLEZ EREE CHIET 5 Z LML, HATIC LD ARy MEEBEOZ{L %
AT D & TR ER ORI e AL A SR E TS Z E Rk D EIfFCE S, ARWFET
%, AR v MIE % Levenberg-Marquardt 75 % W T 2R v A TY v N5 2 & T,CCD
DY TET BN LAV OMEREZITV, FRFICESSM b Rk 5 2 & TRIERE DM Rz
BFH %,

2. 2RICHURT 4 v MZ X B8 FEHBIE

FEBRIITIL ZEAH IE 2 & 2 2 72 JEM-ARM200F 7% fHIFRALEF [RIPFHE 0 (213308 T oY1
X 10nm O AWz, KBEZERT Lo, #EHT S 2V, 300nm x 300nm O & &
55 D7 B/ TAF v o LENEND ORI 2 BfG L7-, EHrfiL 2048x2048 ©° 7 /LD
CCD 77 # 7 (Gatan Orius) THF L. H A 7 RITHAMRIZ S 1L BIFT SR 72D L@ E 7 'L
Bt e n KoL o R Ta v X — L R LT, 1 @G S 7z
R, XK Ub)ix, AF ¥ o FlfEDrk
TEMEREEL TS, HESH (b)
=BT R K 0.04% LRI E - T

BO ., EHERFEIL 00157% Th o7z, %
an

ZOEIFE 7 BMCHBET S E 06 E g
JRMIKIE L. 2 Kot 7 A BT °
T4y NTAHZETYH T BILA .

. position
— X —D AR MLEDRIEIDEH . ) » .
CEXTND T EAELTID, X 1 (a iXEuE S =T I o6, (0)15 5 L7514 D&

TREMAEAL
i%ﬁﬁk TEEAEA

1) F Uesugi, Ultramicroscopy135(2013)80-83
2) M.Takeguchi et al, J.Electron Microsc.57 (2008) 123
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BREERUA—IKBERASADR)TEILT 4 v VERE
WARTIR
WHE - MEMITTERERE (NIMS)
e-mail SUZUKI.yoshiharu@nims.go.jp
1. IIC®HIZ

WD T BT 7 ZK EBBHEIKIZBET 2HF781F KRR 2 SORIEIRENTFEL, £
D 2 S>OKIZEEFRT 2R —kEE A A (liquid-liquid critical point : LLCP) M FET 52 &) ZRE L
TS, ZOR—EM CEBOENTREBRNFET L WVIFHLNERZ G (RY TENLT 4 X L)
ZRIH LT, WESHT T 2AOMIENERIITON TN D, FiZ, KOKRY TELT ¢ ZL0F, K
R COKDFWIRIEDFENTZT TlEe < KEROECHKEICBEBR L TWD EEX B, KD
RIUTENT 4 REOBEDLOMEDED LN TS, L, WEERBEKORY 7ELT
4 7R IRDFENE DR, DEVKEBERORY TENT 4 ALTIFE VBRI LTV,

AIFGETIIARBER DR Y TENT 4 ALZET 2MA G720, AU A—L (=mFL 7Y
a—) (EG), 7 Vkwme—n (GL)., =Y bU k= (ER), ¥V h—s (XY), YVE F—JL
(SO)) KIKIEH 7 ADKRY TENT 4 v 7 BT S, WEOTFENEEKORY 7E /L
7 4 VIR D BN RIE TR AL O OWRWEM RN B LE SN T,

2. EBRFE

FIROWHEIEE 002~0.12 E/L5FR (mf) D=~y a AL LERY = kigikz, B4 b
=Y U H TR SR AR 2 O T 0.3 GPalZINE L, KIEIR &2 77 K (2 ($9~40 K/min)
THZET, BEEREOY—7e T A eEot, ZOREHEIRE—E T 0.01~0.60 GPa D)+ /)
SEICANIE « BT L, RREZALIZPE S BB DR EZAL S RFEZALN DRI TENLT 4 v VT EEBO
JENZERE L, RN TENT 4 v 7B ORERNE, IRERAEE, WEMBUIKAEZ TR~ T,
3. WREEBE

X 112, 0.03, 0.05. 0.07 mf ® EG /KIEHKH 7 ADHE « BEBFRIZE T e OEE L&
A, BERE () OBRBE»DREEIRE~OEGRE, LONEERE R) OREENS &R
FEERBE~DEE 1T, AL NN ORI D, ZROOERIIMAKDORY TELT 4 v 7B L
B L TCWD, IO AT U U ADOMRITIEED EH L L Hiak s, -, BEOHEME &
HBIZR U TENLT 4 ZEBIIRERICS 7 95, SBRIORY F—VKERTZ7 ADOKRY 7 E
VT 4 7R OIR RN & IR RO AT TIZIEE L T,

—HF T, REBMICES XV TEALT 4 v ZJEBOREM~D 7 b ORE L,
EG-GL-ER-XY-SO DIE TR & o7, T OWEMMKFEDOHMIL, AU A — LK 1K
JEOWERAERBE DO R/NBEFRE B LTI EIICR LD, 2L, K Ih OEEBRIZAKDRY
TENALT L AL EBEFEL T
L AREME A TR AR LTV D,

ZE B

[1] Y. Suzuki, O. Mishima: J.
Chem. Phys., 141, 094505 (2014).
[2]Y. Suzuki, O. Mishima J.

Chem. Phys., 145, 024501 (2016).
Fig.1 Polyamorphic transition of glassy ethylene glycol aqueous
solutions (0.03, 0.05, 0.07 mf) under pressure.
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#A - A SRV URDY L2017 AC-P33
) AV BB E RIS T DISGEHE
)15
WE - BPEMITTERERS  SosmA BT IR e LR SEBBRBERH BN 7L — T
| SHIKAWA .Nobuhiro@nims.go.jp
1. B

INECTEBFNZOLBENEZFIH L T OLZEREE RO CTE o, R bskiciE~ o
FR b4 % HEfih S 8 CE RIS T OB S S IESN AR T 5 Z L 2R L TW5S, ZhbDH
BIIES RN IE TR TERVWBRDO /L7 TOEREMETIIBZE L ANWETZ LD TE
RN BBTHD, TDHI BV arvEEaDOYT I v/ A THLEOAERE-ERLTEBY .,
ZNTHhIUE, FREMFICE > TUIIIEEL UV oA ROAER S ATRETIEmONEE X ~~v X A
MFeOg) & TV a2 U (SHHfRZ W TZEDRIEEME Z B~ 7=,

2. H

TEM REHIEAMIZIZER A A E—24 (FIB) B v 77 v 7ETERL, BEHRODIELE
DA THL IO~ HA NV a 2B FRROYTHMICERES Lz, L D5
HHZ =00 — 43 W00 X #3453 J6lE (EDS) O aikie 2RI L7, TEM BIEIZ DWW TIEZ DY
Ble2x BIRICATV, NEL, MAIZERVIR L, ARWE OO 21TV b EREIT o 72,

3. R

M 1ig~~v A Moy arzEREE LR T ) 2 32 05ERRICFEL TV D,
EBREME 700CT 5 BRIE ERFF L2 DT, ~~ XA " b ERRIT N RAE L2 O—%
KHITR LTz, $HRITHIEA~~ Z A MIERENOIELRAITRLIZLSNTS S 5 —FHn, &
THENCHRET S Z LV Ln, ERER M AR IS Sk 2D ORI LIS
L2 OIIROIT DR RAE L ZO—EIdskE vV aOBEE&THLIZ ENHHLE, Zhbo
TR ZHIETENEZ T E~OFARHH T 5 L Bbn b,

1 ~~ZA My arzEQEE LT 700CIC 5 RFFLREE L TIA LBk
¥,
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®

% %= S 2 #7 D Diffraction pattern map ~ M &

ERIGE N EAEME L st RAREEE Y
'NIMS
UESUGI.Fumihiko@nims.go.jp

BiER L TN a2y br—T 57 VX2 R OFEIC L FR T E 1 BMEE T OB i
WZBWT, ~EIZZEDT — X ZfHIC, L2bUATE D bE#ICBG TE 5 L1 TE .
STEM #%& H\N =547 Tld, EDS %7213 EELS 27 hb A WRIET—%) % 1 £7-1% 2 RTD
T HE nm BEICESE T2 2 ST HFENITOI TS, FIEIC K-> TE, R 7R T
BT EBARETHD. 20X 9 RTFIEIT Spectrumimage (S1) & Xigh T, BB Eh=T
— XX 2F I IRIEDOT —F LD, FAEKIC STEM TE— A% AF v U SHanD, b LIE
TEM E— R CTSARKY ZFH L TAT—V 2 BE X723 6, Diffraction pattern (DP, 2 k67 —
2) BTNV EOEOMENGEGT D Z & HITHhiILTVW5D. ZiuE Sl izxt LT Diffraction
image (DI) & X TW5b. GoN-T —H T —L2DME (Xy) O 2%cE DPD 2KILT4
WIEDT—H 275, ZOX LTS ENEZ DI 7T —Z 3 K2R, NER—>2>—>F/EE
TIRMT « FHIET 2 &V ) LULZ B2 T\ 5. £72, Spectrum & [FIEEIC DP THBEEDIEHR (=4
BB D ARy B) NERVEIGARDY, ZOX ) RGEIRTN L <25, T—X
DO charBa—ZZFHALTMO O HENEEZX D Z ERRDHILS.

WES, SICx L TIEZE R 0 EOMFHIFIELME S Z e RESN, EHINLGZ 0%
7> T&7J. EELSX EDS® S| 7 — X IZZE BT W5 Z LIk Y, TR T L DN TIE
7, BENTVDLLEENDDEETRI DV E-oTND L) RIRENW OFET LI EEX, £
DX D 7RREE %ﬁ%?éXAﬂ%w&%®%%ﬁ®ﬁW“ﬁ%W%ﬁé EMNTEDL., ZDED
W S TR SNAEO TV D A BT %, DI 7—X bl LAM~0AHE L2 T2%
ZEEEBEZ.

ASENIZEEMHTOFTH, HONTZDBZ
@iiXAabw&Lfﬁwé*kﬁﬁﬁéﬁ

TRE-ZEEAT FVofiE (Alternating Least
Square - Multivariate Curve resolution ; ALS-MCR)
Z Tz, %Vf»kbf@k?&y@$v~b
AW, Dl 7—Z WG L. 4kD Dl 7—
B % 2 IRTEOATHI~ZEH L, ALSMCR Dl H %
{Tolz. BH, AT N CIEIARFREZ: 2D
aﬁﬁﬁmz&ﬂxm>®ff%%%b’b zh

RS T o0 malG T2 LN TELDOT
rr%%'% IOWVWTHETD.

X1 BUST—# %2 2EEMmcEad 5
72O DA Oz

BER
1) J-H.Wang, P K. Hopke, T. M. Hancewicz, S. L. Zhang, Anal. Chimi. Acta 476 (2003) 93-109
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HREIEPRED=HDT T 1~y MR
A HiR
WIE - MBI SRR SebmAr BT BF 240 R
MATSUMOTO.Shinji @nims.go.jp

B

Wedid, WeVEIR, 8k, @BREWE 7 EOMEFFEICB W TEER /T A —HX T
b5, Wi 52T, JEMNS - #iHIZTOANY, HERERM 5. F
72, BRI L DB ORREEZ L EEDE 2 & T, RADOHEOBIR~OMENE £
5. BUETIE, 10T 22 2580~ 7 % v 8BS, KRESREOWILERIZE T D48
MRIIEA STV 5. WE - MPEHMFZEHERE CTlE, 20T 2 % 5 X 9 7B ssmeds il
EDTDDO~ T Iy MNHFHEIT-> TV D. EBKILE (NMR) HIEICBWTIE, @
R THZ & T, TOMEREN M ET 570, ~7 %y N OBBESGLFIZRKD
SN TWA. BRE o A )L OBFREEIL, 100 A/mm? DL BB FEM ErB L SnTng.
&gk (LTS) HmEARAS O NbsSn b Tik, @HEI~Y 7 AmEANC LD 2K LT D
BEIZBNTS, 235T fHETHEALDORAIGEL TS, Lo T, LTSHEHM DA T
RSN RE A VLD NMR~ 7 % v b TlE, 1GHz (235T) 2[RAL#E 2
HBNTWVWA.1GHzZZH# 2 5 NMR~ 7 X% v M ZBFET 572021, Wi mE (HTS)
IANVINARRIRTH D, MR & I, BrHdifiriRBEgEsE TH# 1 GHZ NMR &~ 27 A
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1) T.Kiyoshi et a., “NMR Upgrading Project Towards 1.05 GHz”, IEEE Trans. Appl. Supercond., Vol.
18, pp.860-863 (2008).

2) K. Hashi et al., “Achievement of 1020 MHz NMR”, J. Magn. Reson., Vol.256, pp.30-33 (2015).

3) G. Nishijima et al., “Successful Upgrading of 920-MHz NMR Superconducting Magnet to 1020
MHz Using Bi-2223 Innermost Coil”, IEEE Trans. Appl. Supercond., Vol. 26, 4303007 (2016).

4) RERIEN, TERE SRR 2 R L7 R NMR SR O Bi%E ) (R %, Vol.48, No.l
p.31 (2013).
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TR IR & LRI TR L TV S R EBRA AN 7Y v F7 et (K1A) =M
We, RIE - ARIE - @S T O R ETERIT o7, TR, mIESMETIE Mn AR
Tl LI SRAEE (M1A) NERLTWDSZEZ R L, ZofRIT, (KEHRTIEEL
WHIA B LT DOFEA DFFTOAE LB AERANRFEEDORR Th o 7-olzxt L, @EMH
TIEHREE DD LW RN LoD THDH Z iR~ T7-, [2]

1 (B)EEN TR ESFERAMT b 7/ vy () ~ VT 7 = o A 7 ZRHE TBMnOs
DREKARIX] & B <R I
BE R
[1]T. Aoyamaet. a, Nat. Comm. 5, 4927 (2014)
[2]N. Terada et. a, Phys. Rev. B 93 081104(R) (2016)
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1. Introduction

Correlated €electron systems near the ferromagnetic critical point have attracted considerable attention
since the discovery of superconductivity in UGe, etc. Actual examples of the ferromagnetic instability are
till rare, thereby more systematic researches are desired. YbPdSi has been shown to exhibit ferromagnetic
order at 8 K with a large electronic specific heat coefficient”. In order to clarify the origin of the heavy
fermion state emerging out of the ferromagnetic ordering, we have performed neutron diffraction
experiments on YbPdSi.

2. Experimental procedure and results

Neutron powder diffraction experiments were carried out at the DMC beamline, in the Swiss Spallation
Neutron Source (SINQ), Paul Scherrer Institute (PSI). Powder samples of YbPdS were loaded in a
vanadium holder. Wavelength of the incident neutron was 2.46 A.

In Figure 1, neutron powder diffraction patterns of YbPdSi taken at T = 1.5 and 15 K are displayed.
Difference between the two patterns is also plotted below. The difference corresponds to the magnetic
reflection. Magnetic structure was analyzed on the difference pattern by the Rietveld method using FullProf
Suite with the group theory analysis using SARA program. The magnetic structure was found to be of
non-collinear type with ferromagnetic components on all the Yb sites along the c-axis and a weak
antiferromagnetic component on Yb1l site aong the b-axis 2. Existence of a weak antiferromagnetic
component is common for the Y bTX-type compounds®, which gives important suggestion for the origin of
heavy fermion behavior in these ferromagnetic systems.

Figure 1.

Powder neutron diffraction
patterns of YbPdS at 1.5 K
and 15 K. Vertical bars
represent the Bragg
positions for the YbPdS
unit cell.

0| ||||| | P B | PR B | T T | PRI B R I|||||
20 30 40 50 60

20 (degree)

References
1) N. Tsujii and H. Kitazawa, Solid State Commun. 159 (2013) 65.
2) N. Tsujii et a., J. Phys. Condens. Matter 28 (2016) 336002.
3) N. Tsujii et al., J. Phys. Condens. Matter 27 (2015) 325601.
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DRHFEN BBV Eh, BERRIENRTEO LN TLE S EEX b5,

1 ZEFRIRE 71 ppm OMEGHE CRIH S oA 250 EET Y
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2) A.F. Gubkin et al., J. Phys.: Condens. Matter 25 (2013) 236003.
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Nonlinear optical materials are of great importance for a wide range of applications in
nanophotonics, including biosensing, quantum information and ultrafast lasers. Optical nonlinearities
are usualy limited in tunability owing to its dependence on the material’s electronic resonances.
Several metamaterials have been proposed to provide stronger Kerr-type nonlinearity throughout the
visible and near infrared via geometrical parameters[1]. In thiswork, using metal plasmonic nanorods,
we go beyond the typical experimental single wavelength results and show the nonlinear optical
third-order susceptibility in a wide wavelength range. Considering these results, we discuss the
significant enhancement of the metal nonlinearities under the epsilon-near-zero (ENZ) frequencies
with Re(g,) ~ 0. The strong nonlinear enhancement and tunability from visible to near infrared open up
new possibilities for several applications in nanophotonics.

The third-order nonlinearity of the gold nanorods solutions [2] were measured by a femtosecond
pump-probe spectroscopy with a white-light continuum probe [3]. In Figure 1, the nonlinear
transmission changes show two peaks at 545
and 730 nm corresponding to the eliptical 3)
and hyperbolic regime, respectively. These
frequencies can be designed by adjusting the
nanorod geometry. The enhanced nonlinearity
a 730 nm reflects the ENZ-enhanced
nonlinearities. Therefore, strong nonlinearity
was achieved at wavelengths where gold itself
has small nonlinearity.

In conclusion, we have clarified the optical
nonlinearities of plasmonic nanorods which b)
allow tunability in designing the effective
third-order nonlinearity from visible to near
infrared range. In future work, we will
characterize the effective and intrinsic
third-order  susceptibility of these gold
plasmonic nanorods.

References Figure 1: Au@TiO, nanorods solution. a)
[1] Andres D. Neiraet al., Nat. Commun. 6 (2015).  Linear transmission spectrum. b) Nonlinear
[2] Joel Henzie et al., Nat. Mat. 11 (2012). transmission changes at several time decays.

[3] Rodrigo Sato et al., Phys. Rev. B 90 (2014).
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Introduction

We aim at developing a functional nanophotonic material for protective applications such as optical limiters
that are used for eye protectors and optical system protectors. We choose buckminsterfullerene(Cgp) to
study as it has the potential of being applied to the optical limiters for its reverse saturable absorption. So
far fragmented optical nonlinearity data of Cgy by various methods at several wavelengths has been
reported[1,2]. However, the mechanism of the optical nonlinear properties of Cgp has not been fully

clarified.

The objectives of this study are to figure out the optical nonlinearity of Cgy over the visible and infrared
region. As well to study the effects of endohedral structure of Cgy compound materials and chemical

modification on the optical nonlinearity reflected by electronic transition of Cgy.
Experimental

We firstly fabricate Cgp thin films of different thicknesses ranged in 20-120 nm on silica glasses by vacuum
evaporation device considering the bulk-properties-dependence of optical properties[3]. As figure 1 shows
the transmission spectra of these Cgo thin films, three absorption peaks are located in the range of
200-500 nm. Using Huckel calculation[3], the origin of the peaks can be appropriately elucidated as
interband transitions between HOMO and LUMO.

Since many parameters including weak T absorption
and vibrational states can reasonably have effects to
the performance of the optical nonlinearity of Cgy,
plenty of work is needed for this study. To obtain the
real and the imaginary parts of linear optical
susceptibility of Cg, Spectroscopic Ellipsometer is to
be used. To measure the transient transmission changes
AT /T to obtain the nonlinear optical response for the
derivation of third order susceptibility, a Pump and
Probe Spectroscopy is employed. We will discuss the

third order susceptibility of Cgy in detail in the near

future. Fig. 1 Transmission spectra of Cgy thin films

References with different thickness

[1]1Y. Wang and L. T. Cheng, J. Phys. Chem. 96, 4(1992).

[2] J. S. Meth, H. Vanherzeele and Y. Wang, Chem. Phys. Lett. 197, 1-2(1992).

[3] M. S. Dresselhaus, G. Dresselhaus, P. C. Eklund, Science of Fullerenes and Carbon Nanotubes.
Academic press, 439(1996).



CEHE BRIV VUART YL 2017 AC-P54

®
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1.Background
Metal nanostructured materials have generated considerable interest owing to ultrafast response and
large nonlinearity in nanophotonics. They will be widely applied to plasmonics, such as harmonic
generations, ultrafast switching and so on.
The optical response of materials is generally described as below,
P =g)[yVE + yPE? + y®E3 +...]
The first term on the right side is the linear response. At a strong applied electromagnetic field the
higher terms are not negligible and indicate the optical nonlinearities.
To make better use of the optical nonlinearity, the better understanding of the origin is needed. Many
researches have been carried out and both experimentally and theoretically characterized for the linear
optical properties. Also, the size dependence of the Ag nanoparticles, both linear part and nonlinear part,

has been pointed out and studied. However, compared with )(,(;’)of silver, that of gold at visible range is
contributed by not only the free electrons but also the bound electrons, the response will be more complex
and has not clearly been understood. Hence, this study is aimed at clarifying size quantization of the )(,(3 ),

2.Experiments

2-1 Sample fabrication: Ion-implanted Au nanoparticles embedded in Si02

Au nanoparticles are fabricated by ion beam implantation with 60kV and various ion fluence to control
the particle size. The nanoparticles grow in silica glass with the increasing ion fluence. The particle size is
evaluated by small angle X-ray scattering(SAXS).

2-2 The linear optical response of nanoparticles.

Figure 1 shows the transmission spectrum of Au nanoparticle materials with different size and the
volume fraction. The absorption intensity is contributed by the volume fraction of nanoparticles and the
particle size. The absorption peak around 530 nm is due to the localized surface plasmon resonance (LSPR).
The absorption band by the interband transition is overlapped with the LSPR. The LSPR peak shifts to
shorter wavelength with decreasing nanoparticle sizes, because of the size effect.

Spectroscopic ellipsometry is used to measure the linear properties of nanoparticle composites. We can
obtain the permittivity of both the composites and the metal intrinsic one.

2-3 Nonlinear properties and the third-order susceptibility.
For nanoparticle dispersed samples, we apply Maxwell-
Garnett effective medium approximation:

3 3 3e
xS = pfAAIPAS L fi =

em+2eq’

where )(,(,?) is the intrinsic third-order susceptibility for Au
nanoparticles, )(S%c is effective susceptibility for the
composite layer, and f; is called local field factor, p is the
volume fraction of the metal nanoparticles in a medium.

With pump-probe spectroscopy, we can measure
transient response (T+AT) in sub-picosecond. The
combination of the spectroscopic measurement and the
ellipsometric analysis brings us to evaluate the third-order

susceptibility )(,(,f ) spectrum.

Fig.1 Transmission spectra of Au ion
implanted silica glass with different ion
fluence

Reference:
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Visualization of nano structures in the buried interfaces by X-rays
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The unique nano structures of the interfaces between materials often control the useful functions of both
naturally occurring and synthetic materials. The molecular and atomic features in the buried interfaces play
vital roles in various systems as diverse as the electrochemical processes, the adhesive strength, the
conductivity of thin metal-film coatings on polymer, the corrosion of a structural metal, and so on.
Visualization of those buried interfaces is of great importance, in which manner imaging capabilities are
essential for modern interfaces characterizations. Based on image reconstruction scheme® and X-ray
reflectivity technique?, we have successfully visualized nano structures in buried interfaces by our original
non-contact X-ray reflectivity (XRI) imaging system®™>.

Figure 1 shows an example of XRI visuaization of a buried interface. The sample is a model sample
prepared by sputtering a gold layer on a silicon substrate covered by a patterned mask followed by
sputtering a uniform copper layer, as shown Figure 1a. The optical image of the pattern before coating the
homogeneous copper layer is shown in Figure 1b.6. The physical meaning of a reconstructed XRI image is
a 2D X-ray reflectivity distribution of the sample at specific wavevector transfer Q.. Figure 1b.1 shows the
reconstructed XRI image at Q, = 0.024 A™. At this Q,, X-rays only reach at the surface, the image shows
homogeneous contrast. Figure 1b.2 shows the image at Q, = 0.049 A™. We can see a weak contrast of the
pattern (or buried gold layer) with other parts. Figure 1b.3 and 1b.4 display images at Q, = 0.057 A™* and
0.073 A™. This region corresponds to the 1st fringe region of the copper layer, and the reflectivity changes
sinusoidally. At these Q,s the buried copper/gold interface is strongly enhanced, and imaging at such Q.s
can effectively probe the interface properties. Figure 1b.5 showstheimage at Q, = 0.098 A™. At this Q,, the
patterns have a bright halo structure, which correspond to the differences in thickness inside the gold film.
Imaging at such Q.s can be applied to detect differences in the buried layer’s structure such as roughness
and thickness with sub nanometers sensitivity. On site, more interesting examples will be demonstrated.

Figure 1 (a) Schematic of the model sample, which consists of patterned Au on Si, buried by uniform Cu
cover layer. (b) Reconstructed XRI images of the sample at different Q,s. 1: Q, = 0.024 A™; 2: 0.049 A™; 3:
0.057 A™: 4: 0.073 A™; 5: 0.098 A™. 6: Optical image taken before coating with copper uniform layer.
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Creating ultrathin nano rings
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It is always the dream of chemists that the chemical reactants can self-organize to form functional
components following their design. One promising approach is the coupling of diffusion and reaction,
leading to the tameable spatio-temporal periodic structure, known by the name of Liesegang rings' ™ (LRs).
For many years, it has been believed that the regular periodic ring structures are formed only in thick (~
um) hydro-gel media®®, which hinder the application of the regularly patterned structure. Recently we have
obtained successful LPs in nanometer scale thick ultra thin films®. The key parameters are temperature
control and the introduction of equilibrium water vapor in the sample environment, as shown in Figure 1a.
The method proposed can be applied to other system as well. The tameable chemical patterns are promising
to fabricate mono-dispersivitial nano-particles, micro-optics, electronic circuit, and chemical sensor. The
bottom-up pattern fabrication in nano-films opens up new opportunities in nano technologies.

By controlling rather a low temperature (5.0 "+ 1.0 7) and introducing equilibrium water vapor in the
sample environment, we have successfully created the nano rings with a thickness down to 65 nm, as
shown in Figure 1b. At 5.0 7, gelatin hydro-gel surface shows a hydrophobic nature, which helps prevent
the gelatin from being wetted by rapid capillary wetting. This is the clear reason why we succeeded in
obtaining LPs. We also found that disconnected stain bands between the consecutive rings or
interconnected pattern exist in ultra thin films in the outermost part of the pattern when enough time is
given to let the pattern grow. Fine structures of the pattern in ultra thin gelatin films were also observed by
the tapping mode of atomic force microscope, which contains 300 — 600 nm laterally coagulated particles.

Figure 1 (a) Schematic of the method and mechanism to create nano rings in gelatin media. (b) Optical
microscopy images of LRs in the ultrathin gelatin films. The bold arrows indicate the moving direction of
the reaction front. Insets are the over view of the patterns. The silver nitrate solution droplet was dispensed
onto the corner of each thin film. The image was snapped 2 h after dispensing of the silver nitrate droplet.
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Non-destructive X-ray studies on adhesive interface
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Polymer adhesives are ubiquitous in modern society, forming connections between components,
widely applied in industries such as aerospace engineering’, marine coatings’, microelectronics**, and
packaging. Critical properties such as the chemical resistance, corrosion resistance, thermal stability and
mechanical strength of these materials strongly influence the applications. Interfacial adhesion properties
are largely determined by molecular structures at buried interfaces, but the structure-property relationships
at buried inorganic/organic interfaces are not well understood due to a lack of nondestructive interface
sensitive analytical techniques. Better understanding interfacial structures will aid in the rational design of
adhesive package interfaces that can withstand harsh stress and environmental conditions. X-ray reflectivity
(XR) is a promising nondestructive technique to characterize buried interfaces in ultrathin films with
sub-nano resolution because it is possible to probe the electron density profile along the depth of the sample.
It is favorable to apply X-ray reflectivity to adhesives researches’. In this research, we studied the
hardening process of commercial and pure adhesives deposited on silicon substrate by XR. One example of
the adhesive thin films XR profile is shown in Figure 1. In order to confirm more detailed interfacial
structure, application of our recent invented X-ray reflectivity imaging®’ is also promissing. At the
symposium, more results and discussions will be given.

Figure 1 X-ray reflectivity profiles of the adhesive thin film sample coated on silicon substrate prepared by
spin coating. The sample was measured just after preparation and stabilization (black solid rectangle). The
sample stored in ambient for 2 hrs and measured of the XR (red solid circle). The sample stored in ambient
for 18 hrs and measured of the XR (blue solid triangle).
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X-ray movie: how elements move in the material
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Understanding how elements move in materials is significantly important because it may influence the
synthesis process and many properties of the material. In this research, we developed a laboratory X-ray
fluorescence spectromicroscopy. It can distinguish different elements in the material and spatially map
them. It can also record realtime X-ray movies to show their motions and diffusion process. Because X-ray
can penetrate air, the X-ray spectromicroscopy can conduct hon-contact measurements in ambient pressure.
Thus, measurements on agueous samples or diffusionsin solutions are possible.

The X-ray fluorescence spectromicroscopy is built up with ordinary components. It consists of three
major parts. The X-ray source is a 1.5 kW laboratory X-ray tube. The imaging system is a micro pinhole
which is fabricated on a tungsten foil by laser drill. The detector is either a visible-light digital camera
(scientific CMOS type) or a conventional CCD camera. These cameras can serve as powerful
2-dimentional X-ray energy detectors when they work in single photon counting mode and special image
process algorithms are adopted.

As an example of application, the element diffusion in chemical garden is surveyed by the X-ray
spectromicroscopy and X-ray movies. To prepare the sample, a mixture of calcium chloride and ferrous
sulfate was placed into sodium silicate solution and subsequently some plant-like structures appeared and
grew. The sample was placed under the X-ray spectromicroscopy. The 15-hour process of structure growth
and chemical diffusion was recorded (Figure 1). By comparing the movie frame of the 15™ hour and the
sample photo, it is clear that calcium corresponds to white structures of the sample while iron corresponds
to green. By comparing the movie frames of different hours, it is clear that calcium and iron show different
diffusion behaviors. Thus, they are partially separated in the diffusion process.

Figure 1. X-ray fluorescence movie of chemical garden

(a) shows the photo of sample after 15-hour growth. (b) shows the full field X-ray fluorescence spectra
of the sample; the data is accumulated in al 15 hours. (c) and (d) show some key frames of the calcium
imaging movie and the iron imaging movie, respectively; the data of each movie frame is accumulated in 1
hour; hence the time resolution of the moviesis 1 hour.
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Poly-(N-isopropylacrylamide) (PNIPAM), which exhibits a lower critica solution
temperature (LCST)-type transition, has been considered as one of the most promising
thermo-responsive materials because the transition temperature (33 °C) is higher than
ordinary room temperature and is also quite close to the human body temperature. When the
temperature is higher than the LCST, PNIPAM in contact with bulk water undergoes a
reversible phase transition from hydrophilic to hydrophaobic, which has been widely applied in
the biological systems, as sensors, and in smart layers. However, in many application cases,
the PNIPAM system is not in contact with bulk water, in which cases, the thermo-responsive
behaviors have not been expected so far, particularly in the case of ordinary atmospheric
conditions.

The present paper reports experimentally obtained thermo-responsive behaviors of
PNIPAM solid thin film at ordinary atmospheric conditions. The expected expansion of
PNIPAM film has been first observed by real-time X-ray reflectivity technique’ with
temperature scan. PNIPAM thin film was prepared by spin coating with commercia PNIPAM
ethanol solution. Temperature scan is set to cycle from 60 °C to 15 °C with step size of
3 °C/min. The typical measurement time for X-ray reflectivity and the waiting time are 200
sec and 40 sec, respectively. Three measurements were done at the same temperature, and the
data analysis was conducted by Fourier transform
technique’.

As shown in Figure 1, during the initial cooling
from 60 °C to 33 °C (section A), the film thicknessis
about 190 A and does not change. In the second
section, from 33 °C to 15 °C (section B), the film
thickness increases significantly from 190 A to 203 A,

a change of nearly 7%. On the other hand, during the
heating run from 15 °C to 60 °C (section C), the film

thickness linearly decreases monotonously. The Figure 1.  Thermo-response of
original thickness of 190 A was recovered at 60 °C. PNIPAM solid ultra thin film. The

. . observed thickness in both cooling (A
The experiment was repeated 3 times, and amost the and B) and heating (C).

same phenomena described above were reproduced®.
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1. Introduction In the development of devices based on ultra thin films, it is necessary to control
interface structure to obtain high performance. Then surface-sensitive and non-destructive evaluation
methods for ultra thin multilayers is strongly required. We are trying to extend total-reflection X-ray
fluorescence [1,2] (TXRF) by using interference effect [3] of X-rays in multilayered structure to gain
sensitivity to the elements at a specific interface and to evaluate such elements quantitatively.

2. Methods X-ray reflectivity profile was measured at small glancing angle of incidence, with X-rays
from rotating anticathode X-ray generator through the Si(111) crystal monochromator. X-ray fluorescence
was detected by a silicon drift detector above the sample surface by referring the X-ray reflectivity profile.

3. Results and discussions  Figure 1 shows X-ray reflectivity profile and glancing angle dependence of
fluorescence intensity of Ti Ko and Si Ka observed from the sputter-coated thin film structure of Ni(2007)
/ Ti(20%) / Cu(3007) / Si(substrate). Target material to detect the fluorescence X-ray is titanium that is in
between thick nickel layer and copper layer. From the measurement data, we have confirmed 4 points
shown below. (1) There are 4 significant X-ray fluorescence peaks of Si (substrate), Ar (from air), Ti Ka, Ti
Kp, and scattered X-rays from the sample. (2) Intensity of Ti Ka starts to increace at about 4 mrad of
glancing angle of incidence, and it peaks at 5.4 mrad. After that, Ti Ko intensity decreases. (3) Intensity of
Si Ka (from substrate) starts to increase at about 5 mrad of glancing angle of incidence, and it saturates at
about 7-8 mrad. (4) By comparing angular dependence of X-ray fluorescence intensity and X-ray
reflectivity profile, it is predicted that there are some relationship between them. From these results, we
conclude that it is important to select suitable glancing angle of incidence to detect elements at an interface.
Interference effect in thin films depends on the thin film structure itself (especially thickness), therefore we
had better to analyze X-ray fluorescence data with X-ray reflectivity. On the other hand, X-ray fluorescence
intensity is sensitive not only to the amount of elements or concentration, but also glancing angle of
incidence. Hence, we should be careful to do quantitative analysis, and a new analysis method is required.

References [1] Reinhold Klockenkamper and Alex von Bohlen, "Total-Reflection X-Ray Fluorescence
Analysis and Related Methods" (Wiley, 2015). [2] J. M. Bloch, M. Sansone, F. Rondelez, D. G. Peiffer, P.
Pincus, M. W. Kim, and P. M. Eisenberger, Phys. Rev. Lett. 54, 1039 (1985). [3] K.Sakurai and A.lida, Adv.
in X-Ray Anal. 39, 695-700 (1997).

Figure 1  X-ray reflectivity
profile and glancing angle
dependence of Ti Ka and Si Ka
X-ray fluorescence intensity.
Intensity of Ti Ka fluorescence
from Ti layer between Ni and
Ti layers peaks at about 5.4
mrad because of interference

effect.
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Synthesis and characterization of CuFeO, thin films
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Delafossite CuFeO, oxides was synthesized by using sol-gel process with a mixed solution of citric acid
(CA), ethylene glycol (EG), and Cu ions and Fe ions with a various of refluxing time, mole ratio of EG/CA
and calcination temperature. The temperature behavior of precursors powders were characterized by DTA
anaysis. The DTA spectraindicated exothermic peak at around 400°C, It was shown formation temperature
of metal oxide. The phase formation of the powders were examined by X-ray diffractometry (XRD)
measurement. The XRD patterns of the Cu-Fe-O powders with mole ratio of EG: CA = 4:1 when the
sample was calcined at 450°C 4 h. The patterns were indicated the mixing of Fe;Oz; and CuO phases. The
calcined powders at 1000°C for 2 h. with difference mole ratio of EG: CA shown the mixture phases of
CuO and CuFe,0O4 phases. The CuFeO, phase was obtained when the samples were calcined in inert
atmosphere (CuO+CuFe, 0, — CuFeO, +1/20,).
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To capture radioactive cesium in the environment, variety of clay materials have been studied for
many years [1-4]. It is extremely important to understand the mechanism of absorption and its
efficiency. On the other hand, such capturing may still have problems in the viewpoint of long time
stability. One of the most promising ways is storing cesium collected by clay materials in some
stable inorganic crystals such as pollucite CsAlSi,O¢ nH,O [5]. Yokomori et al. has reported the
hydrothermal synthesis of pollucite from cesium and clay materials such as clinoptilolite, smectite,
mordenite [5] and montmorillonite [6]. As the reported pressure and reaction temperature are 3~8.5
MPa and ~300°C, respectively, the procedure looks attractive. In the present research, we have
attempted examining the synthesis of pollucite from montmorillonite.
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Development of neutron reflectivity imaging
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The beamline NW14A, PF-AR is designed for time-resolved X-ray structure studies, based
on the pump-probe scheme [1]. So far, X-ray florescence spectrometry has not been
employed very often to see changes in the time scale of pico-second level, compared with
X-ray diffraction and EXAFS. Recently we have performed some feasibility tests with the
wavelength-dispersive X-ray fluorescence spectrometer [2,3]. During the present
experiments, we employed a slow mode, which a group of 10~12 X-ray pulses is available
every 1 msec (therefore the experimental time resolution is around 15 psec). Figure 1 shows
a typical X-ray florescence spectra (around Co Kp), by using 9 keV synchrotron X-ray photon
with the bandwidth (AE/E) of around 5 %. As clearly seen, it has become possible to obtain
X-ray fluorescence spectra with sufficient energy resolution to perform chemical state
analysis.
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Figure 1 Co KB spectra from a
commercially  available = Samarium-
Cobalt magnet

In addition to quite strong Co Kpis
fluorescence peak, a faint Co Kfs and Sm
Ly; lines were observed. The spectral shape
of the Co Kf,; is asymmetric, and the
lower-energy-side  tail includes Kf'
satellite. Some unnegligible scattering
background degraded the X-ray spectra, as
the measurement was done in air and with
non-perfect shielding (mainly due to the
compromise to shorten the distance to the
polycapillary optics).
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3D confocal Raman mapping of stress induced by indentation on Si(100)
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1. Introduction

As we know, the manufacturing process of workpieces usually produces some stresses within them. The
stresses not only affect the mechanical properties of the workpieces, but they also has a great impact on the
structure stability of the workpieces. With an improvement of lithography accuracy of integrated circuit
manufacture, the residual stresses of silicon is an important factor which affects a yield of integrated
circuits, and it has well received attention. Therefore, the stresses of silicon need to be characterized to
ensure durability, and reliability for integrated circuits. The stresses of silicon are affected by both external
actions and uneven internal changes. In spite of numerous images of the conventional techniques such as
transmission electron microscopy and X-ray diffraction have been published in the literature, and these
images were obtained only from a xy lateral plane without any information on the depth. Confocal Raman
spectroscopy is Raman spectroscopy combined with confocal microscopic analysis. It not only enables
focusing on a spot of excitation light on the micron order to achieve an accurate characterization of the
stresses in the micro scale region, but also enables obtaining the Raman spectrum from different depths to

achieve “an optical section”.

2. Results and discussion

As shown in Fig. 1, 3D confocal Raman mapping of stresses induced by indentation were scanned from a
Si(100) surface (0 um) to deep part (—2.8 um). For crystals with cubic symmetry, compressive stress leads
to an upshift, while tensile stress leads to a downshift. Raman peak shifts demonstrated compressive
stresses were distributed around an edge of indentation. All the compressive stresses exhibited a similar
pattern, reaching a maximum area on the surface. In Fig. 1 (b,c), 3D images showed that the area of the
compressive stresses decreased as the annealing time increased. And the decreasing velocity was quite
different at the different depth. Fig. 1(d) showed all the compressive stresses could be released for 120 min
at 800°C.

Fig. 1. 3D confocal Raman mapping of stresses from the Si(100) surface (0 um) to the deep part (—2.8
um), (a) before annealing, (b) annealing for 20 min at 300°C, (c) annealing for 240 min at 300°C, (d)
annealing for 120 min at 800°C.
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