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NTWLIERbhol, TOMRBEIER, BLXORENZMHEKT S X3
SIS PLRIZ B WT Si-Lo vy VD EEL A7 MLV ERG L E Z A
EHICBWT AL ZIZIEAGNRZ WY g LT =N AT hLICE N
(K 1D, ZOya X —OKRITEZTICH DR TEEICRELLE
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CHEE R T2 MR RS
a-umeda@eng.hokudai.ac.jp

PREHE #h 52 F AL HEE 17 22 (FCCI) I 20154F ICFCV R EHE 2 IRFE 425 £ W\ 9 H
AT Tl 0, HHEHEIER O BRI M T 7o M A SR BT BF OB
AT O TS, =732 7 AMQITRTETH Y, KEWHKENNT.6
masslZET 52 &, ETREERNEE CEMTH D70, KFBFEMELE LT
OFHAPYIFEIN, AP ED LN TEZ. TN E TOMIET, MgHK
TR e ORETAEL, FBREL MR TFAKRET L2 LN
HVEMIZ X 2 Z DOBBEN LB N E o 72[1]. LavL, Wi Th D kFE
I OMgH RSt T D EAL D Z DOBBEIT SN TE 5T, G2 b figil &
TR0,

AWFTE T, BREEICE DKRE(LBFEE O8I 2 F) L. Fig.LIZANF
FETHWEREELVOMEZ T, ET2ROREIREIC L > TKET G L TEM
RN O R EZEFHRK R TH2EARMEE TH 5720, 0.IMPaE TOH A %iE
AT DHZLENARETH D, fELRIIMgZ RIR0.IMPa/k E RS T CHREFT 2
LIV IKRFRER AT, BIEEREFiQAIRT. Fo, REEZHNT,
PAD K FEAL SIS DO EPTHE DO BB OB L=, ZHUCIIT LT, TEM T
KRB A KBHEER FICHRE LIS AOKB L LR, lETIE, BREREL
IZ kB FOBBERE L THIEREICBIT AKE(LORERE B L, H®E5T
5.

Fig.1 BrEE b Lk B O & Fig.2 0.IMPa/kHE &K,
TOHOMgD AR B
[1] S. Isobe et al., Applied Physics Letters 96, 223109 2010
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10:35-10:30

Au H#R 2 B V72 Electromigration & & B TR Bk D
TEM AR B8l &
Of E Wi, AH E&E, =H 30—, EF FR
B[S Ny N T - S R D S

BELDHIZ ERFEFICEZHROELFNERETLHIZLEICLIVERR 1B
BT8RNy ba~vA b —ary (LLFEM) &R TW5
TH, EM IC X DR B8 & BIRE L2 072 e oM & Epkk (EiTT
XX v T) WWIHTOMAEREZ<IThbhTWbd, LiL., HED
RBERTHD EM O X0 BOWHIEICIZ, BET D EEL O
WRMETHDL, ARETITEMOBLGREMEZ B E L, Aufifiic
BIT5 EM OF%iE f"”ﬁ%iﬁﬁfﬁ (TEM) ZOHBlE % 1To7-, ZihiZ
L0 EM OEITITME S MR O, HEMEEOZE, Kk OVESF
PIZOWTOREBZFIMLEZLR L,
EBRFHE CVD-SIN/SI R Eic7+ N V7T 7 40— L BEEREE
ZRWT, BNy K(Au [ Cr) & MHR(Au : HIARIE Sum) &2 fERL L 7=,
HMRERIZERER EEn 2T 2o 2 MEEEHL, YV—A AUy
—=2=v F (SMU) ZHWTCELEHMEBRAEZITWVREN S, TEM
L oMM ELEbtoOBEE2iTo7, AL TEM 12, JEOL #
JEM-2010 } T8 JEM-200CX T& %,
ERAER EEL  Fig.l (30E 50nm FREICHRZE(L L7 Aufif N S 51
T rEEE, TEMZHAWVWTZOHBRLEMETH D, Tl
Téﬁ&’%bfﬂﬁ’@§@7V4V@#A$$Eé*k\it\
EFOBENTIMIZH 72 Au fIBR OB EEL 2B L, b Ok
X %@%@@Uﬂ? IR FABE T D E S5 EM DR E AT
%, Fig.2 I %M’J?‘@Lﬁﬁi[m TEM B %2~ 3, & RB RS TIE ¥
Yo THEAK 10nm &0 WAL CIEBEE LEREo RE S
LAVICKDEERER S TWD, £z, FARFICIT> ZEXHE X
D AR OB HRE EIE DR OERPUEICEEL TW5D Z &M
HENTE, UEDORERLY, EM ICX AR TFRBEIE VL A Lk EITE
BERBEARRSY ., BIROREICEE 2 REHER-T B bholz,

(a) e_& (b) (c) = ~10 nm ’
e

50 nm

L]
10 nm
Fig.2 Au #H AR B8 © TEM #

Fig.1 fi#t TEM g o KM Z 1 (a — ¢)




10:50-11:05

B EMRE ReRAM © TEM Z DB H 2
OffFFFL ', FHEX ' EHIL—', GEHFER"' BR K"’
i E R 7P R 7RG WA S e R |, EEERB TP EE 2 —?°

FL®HIC BEEREMEMENIETLOHIMIZ L > T, EHBIENRKREE
fbd5, ZOBG T, GHEBXRL - REREOKELZH T 5 BNE
b * & U (ReRAM)E L TOICHABMFEE LTS, ZORILE/D
MBEEMEIC OV T, BEEBEREANCEBRL WL A F oI
KoTHERENDIEELED 7 0 7 A MR - U+ 52 & Tl Z
ofb\é&%z%hfb\‘é Fox X E A E M (TEM)BLE & B
HAEZMAG LY TEM NEIRBIZZITW. 7 4 7 A FBRERS
NOEETZEEBZL., TOMHBICTOWTOTEZIT> 2,
EBAFE BLICFTAEMFoOor Y WEALY -4 4EE L TEM
(JEM-2010)Zf HH L 7=, BMIX Pt-lrD VA Y — % RICMI LD
T, ZO#D EICT Cu R—7 L7 GeS A2 2y XL 7=, TEM
NTO IV, Eid o TEM AL ¥ — |2 JE E & L7z Cu-GeS/Pt-Ir (2,
BEIAIRE R B O Pt-Ir R Z XM FmrbEM S TIiITo 70, £ DOERF
Z in-situ TTEMBZ L CCD & 2 7 THRE LT,
EBHER Fig.l!T Cu-GeS O RIMBLLEDETF 2 7T, Pt-Ir ® L8121
20nm FEE D Cu-GeS O 7 E /T 7 AN R X LT 5 (Fig.1(a)).
COWEBICEEEZEM L EZ A +2.6VAHE TERS AL T < 72
ST, ZOF Cu-GeS EWNIZIE Fig. 1(b)IZRT & 5 tr i RN EH 7=,
ZO% EEZAMICRHRET 5 EMEDPIRLICHEL TWVE K —1.8V
T CTREBICRZ R holz, ZO L EW|PLITAWICER L=, Fig.2
IZ Fig.l ® TEMBEFICHELE IV 77 72533, EEOZ/LT
HIRA Y MEFigl O HEBOER, MEKTIHEFBHINT D,
F7-. Cu-GeS ORIk L TEDX I LK B0 &EfT-o7L A, W
MHBLL TS EZIZIXCUDBENBS o TWNDHI EBRDLIho T,

bf;‘::.“f:*ﬂ e
21:05:15.28 Pt-Ir A — == 04l
! (A) = T o2 S/
— - | £ 00 b
+ B :
Pt-Ir - & 8 o2l TDl
N \ Filament 04/
u-GeS ael . .
2 o 2 4 6 8
Fig.1 TEM W [A] Rf @52 O £k 1 Vortage [V]

(a)FE EENANAET (b)Y 1E & &I Fig.2 1-V Il & fE 5%
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SRR O R mER{L IR 7R
OWHEA ' KREBM, AP
AL K Tt AL iE R R bt

[#5] Sk vix, ®VEEME, KR EORENSL, EMAEE—X b,
BB 72 ERk a2 R TSR EIGR SN TS, AL TH HIHET
;5&%%/&%@éﬁm\mﬁ%%@mk%mﬁ%%/ﬁ%%éﬁﬁgéﬁ\%
JCAD - RFEH - IRE - pH & ZRRRBEEVBBEDLLIEME R oA THDL, HHY L
THMEOR T 5215572, AL rOoRmKELZBEMEL, HIET 5 &
NEETHD, I TARFETIE, DRiHE SN RT7 V2B LAl & Lk
# (I 7> BHRARE TS K0 AR L 7 @RI 7 o0 | 2 R IR A SULEE K O, pH G #E 1T
LHEmMMKEOE - BlEERAAT,
[£Br] 5L ©—h— P CTELEN (1) 2 ¥ T F L KIEHEPICoESE, B L AN
L7 E=TKEMZ (P 11 IZHHE)SOCETHIEL, B RTZ Vv —KuMm%E Nz
BRSBTS E2, 0% OERFAEXT T, sy = U BEKERIZ T pH
B 8.)MOTH T —var il QUREHFOALERFHKQTICTITo12H
DEZNENVHE Lz, BIZ@IZ 20T, fafiy = U BR/KEKICE Y A pH8.5
& B :pH10 ([ZF#EE L7z, LA EX Y ARk ¥ %2 FE-SEM, XRD, TEM(Z X ¥ #Fffh
L7,
[#EHE] 80CiEILIT L ERIERR 125 nm~ 132 nm OGNSR T 72,
Fig. 1 IZZNENDO XRD OFERTH D, WIFhb CudE—7BAbNE, £/, ©
AL @BITHMBILY DO — 7 & b7 p  AVBRIRE (2 % 35 TR
KFECTHrT—vay  -wmEEiTo-0IiEBey e —7
TR NN oTz, Fig.2 OFNZEFND TEM#E /)5, pH 8.5
TITRL A RIBICE T TF U ENELTH L0, pH 10 TIETH
B i’J Ti?ﬁib\ }:75#075“37‘_0
Cu(lll)

20 nm

Cu(200)

Intensity(a.u.)

20 30 40 50 60 70 80

Fig.1 X-ray diffraction patterns of copper fine-particles TEM |rﬁages of

copper fine-particles
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11:35-12:20 Y RIGEE T

WEFIETE - T/ VA P THRARKE
—F ) #BETS ) VIV OAERRIGEFHET S —
OEFIILHR
ICHEE R FR LB FRIIER 1 PEREHER 2RI A B T

MELORHME(T T A 22 TN D R~ D2 BT s . IR RIS L o1k
FHIA A RSB EE E TR E 725 UL b REWEE L KT T3,
ZDOEMITPOSHREIZEET 208, KEMIZ~Y 7 r LR—TEZOER L F R D,

— 05 T BRI I BRENZ E DY A R BARP AR & #5783 % (Bioreactive) 72 9
(K1), FEHIEAREIZ—HFmETIER . M AKRBEICR T TSH Y |
Biointeractive Tdb % Y, F / KEE 1L Z O AWM EAER 7 ot 2 2@ L CTERD T
JUNVROSEHE LM 2,3)2, 7 o LT R DRI R 2 R 5 ICE D Y,
F72 200nm LA T TS PEEERS I3 Hoofke 97, RNRA - EF LA L(AT
JVAME) (K 4), S OITHIREENE - e BER - ik ik Ba Y & O RN BT & 25t L1 5 7>
DR S 5 D, WEY A R KT BT A Vv IHERARRKIGIE, B O
VET V7 OXD RAEMEIHICOEADY | SERENMEIC & 2 F IS b @ & 152 itk
ZHFERFD, NEDN X2 O RWRIOSORBRNE Z V152 /RS A L TV 5,
[1] EWatari et al.: Material nanosizing effect on living organism, J.Roy.Soc.Interface 6, S371-388, 2009
[2] EWatari: Biointeractive and Bioreactive Nature of Nanomaterials, Nano Biomedicine 1, 2-8, 2009
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[1] Lucic et al., 2005. Structural studies by electron tomography: from cells to
molecules. Annu. Rev. Biochem. 74, 833-865.

[2] Ortiz et al., 2006. Mapping 70 S ribosomes in intact cells by cryoelectron
tomography and pattern recognition. J. Struct. Biol. 156, 334-341.
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tomograms of stained biological structures. J. Struct. Biol. 158, 3227-335.
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Spherical Aberration Correction not just for Imaging but also for
Chemical Analysis

Eric Van Cappellen
FEI Company, Hillsboro; United States

Although obviously developed for their imaging capabilities spherical aberration (Cs)
correctors are also powerful when combined with analytical techniques. EELS (Electron
Energy Loss Spectroscopy) and EDX (Energy Dispersive X-ray microanalysis) are the
competing chemical techniques. Both are based on the ionization by the electron beam of
the sample atoms. Historically EDX although being simpler than EELS was never accepted
as a technigue to analyze light elements (below Na). The ionization cross-section of a given
element determines the number of inner-shell energy loss events in both EDX and EELS,
but there are 3 major differences [1]:
1. The X-ray production for an inner-shell transition competes with the generation of
Auger electrons, giving rise to a Z-dependent fluorescence yield factor (0<1).
2. The detection efficiency of EELS systems is generally much higher (up to 80% at low
count rates) than for EDX systems (< 1%).
3. The peak-to-background ratios (P/B=Ip-Ib/Ib)) for EELS are generally much lower for
EELS than for EDX, especially near the detection limit.
These differences make EELS a much more sensitive technique for light elements and EDX
for heavy elements. However, with the advent of new detector technology it has been
possible to improve the EDX detection efficiency by an order of magnitude [2]. This dramatic
improvement in detection efficiency clearly repositions EDX as a technique that is capable of
analyzing light elements and with its better peak to background ratios than EELS makes it a
good contender for being a better elemental mapping technique than EELS even for the light
elements.

This paper will review the improvements achieved with the Super-X™ detector and will also
focus on application results acquired at 200 and 300kV. Efficient elemental mapping
combined with optimized detector geometry also opens the prospect of EDX tomography
and preliminary results will be shown.

References:

[1] Van Cappellen, E., EDX in (S)TEM in: X-Ray Spectrometry: Recent Technological
Advances. Edited by Kouichi Tsuji, Jasna Injuk and Rene Van Grieken; John Wiley & Sons,
2004.

[2] H.S. von Harrach el al., Microsc. Microanal. 15 (Suppl.2) (2009) 208.
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