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Abstract

The Advanced Beam Analysis station (ABS)
has been established in 1996,which is intended to
develop a new analytical method and instrument by
using advanced beams such as electron, ion and
synchrotron radiation and to apply such technol-
ogies for an accurate analysis of the local structure
and surface structure of various inorganic mate-
rials. Among modern analytical methods, we have
focussed on the development of transmission elec-
tron microscopy (TEM), ion scattering spectros-
copy (ISS), scanning tunneling microscopy (STM),
synchrotrons radiation (SR) and other related-
methods. With respect to the development and the
application of TEM, a new energy filtering TEM
working at 300kV has been successfully developed
in collaboration with JEOL. With the use of the
omega-filter type analyzer, energy filtered images
having about 0.5nm spatial resolution have been
first observed in Al;;O;N, crystal, where this spa-
tial resolution represents a world record. A new
observation technique for lattice imaging by con-
vergent beam illumination has also been developed,
where it enablesus to observe a precise image of the
boundary structure without the effect of Fresnel
fringes. The interface structures of SrTiO; has also
been precisely determined. New nanoscale struc-
tures such as nanotubes, cones and fullerenes in the
B-C-N system have been successfully prepared and
their structure were well characterized. Boron
nitride nanotubes were first prepared by a substitu-
tion reaction method where carbon nanotubes were
used as templates. The addition of oxide catalysys
such as MoQO; and PbO enhanced the yield of pure
BN nanotubes. It was found that BN nanotubes has
a preferential zig-zag type arrangement in contrast
to non-preferential staking in C nanotubes. Two
different types of BN cones are observed and their
structures are interpreted either with helical or non
~helical arrangements. With the use of the electron
beam irradiation under TEM, fullerene-like BN or

B-C-N onions were also prepared for the first time.
It was shown that spheroidal BC,N fullerenes con-
sisting of B;5Cs,N;s molecules with a similar atomic
arrangement as for Cq, while square-shaped BN
fullerenes had octahedral cage structures.

The mechanism of ion emission during scatter-
ing and sputtering from solid surfaces has been
investigated based on the concept of surface femto-
chemistry. Reactive ions such as H* and O" experi-
ence transient chemisorption during scattering
from solid surfaces. These ions are neutralized
almost completely on metal and semiconductor
surfaces due to the band effect on resonance neu-
tralization. The neutralization probability of H* is

suppressed considerably on ionic-compound and

~ noble-gas-condensed surfaces. The noble-gas ions

are neutralized via the Auger process so that the
neutralization probability is basically independent
of the band effect. The sputtered secondary O* and
F* ions do not exhibit the band effect in spite of the
fact that they are reactive ions. This is because the
desorption is initiated by the F,s or O, core hole
state, which is followed by ionization via the intra
-atomic Auger decay after breakage of the chemis-
orptive bond. The stimulated desorption of H* is
caused by the interatomic Auger decay of the core
-excited OH species during expansion of the chemi
-sorptive bond. On the basis of these findings, new
techniques for the analysis of local electronic struc-
ture around the specific target atoms (i.e. proton
neutralization spectroscopy)and the specific sur-
face species such as weakly-bound oxygen and
hydroxyl group (i.e. resonant ion stimulated desor-
ption) have been proposed.

The NIRIM beam line, which attached to
SPring-8 facility at Nishi-harima, Kansai district,
has been successfully developed. The characteris-
tics of the NIRIM beam line is to produce an x-ray
source for a wide energy range from 0.5keV to
60keV. In order to produce such a wide energy x-



ray source, two kinds of undulators such as the
helical undulator and the planar undulator, were
designed. We have designed four different appara-
tus which have been attached to our beam line : a
high spatial resolution photoelectron microscope;
an angular-dependent x-ray photoemission spec-

troscope, a powder x-ray diffractometer; a speci-

men chamber for in-situ irradiation. A special
objective lens has been developed to obtain a spa-
tial resolution of about 10 nm for the new
photoelectron microscope. Numerical treatment
methods such as digital filtering and data restora-
tion have also been proposed to carry out high

precise analysis of the obtained spectra.
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Fig. 2.2 A new 300kV omega-filter TEM with a field emission

gun.
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Table 2.1 Some characteristic features of a new 300kV energy
filter FE-TEM

accelerating voltage 300kV

electron gun Schotkey type FEG
(ZrO/W<100>)

brightness 7x108A/cm32sr

Cs, spherical aberration 0.6mm

Cc, chromatic aberration 1.1mm

resolution (zero-loss image) | 0.17nm

minimum probe size 0.2nm

energy resolution 0.9eV

magnification (filtered image) | 200-2,000,000

magnification (STEM) 10,000,000

camera length 200mm-1,500mm

dispersion of omega filter 0.85 um/eV (at 300kV)

E = 300kV
Cg =0.6mm
Ce = 1.5mm
Af=41eV. .
SE =098V
a=0.imrad

0 A\/\VI\\//\VAVAVW,

012 0.11 0.1 0.09

02 047 0.15
d (nm)

Fig. 2.3 Contrast transfer function for a new 300kV energy

filter FE-TEM
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B

Fig. 2.6 Energy filtered images of 33R-Al,,0;N,. (a) zero-loss
image, (b)O-K loss images, (¢) N-K loss image. Note
that oxygen images are clearly observed with separa-

tion of about 2.9 nm along the ¢ axis
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Fig. 2.7 Spatial resolution of oxygen images as observed in Fig.

2.6(b). The spatial resolution of oxgen images is as-

signed as about 0.5 nm.

X2.71xX2.6(b) DR D v & > VRO LM SREE
ZRELERTH S, BEOEFEINICHET 2 H
Wa Y b TR MROIESD ZH0.5nm TH 5, BEX
NIz T HANVF —7 4 vy —BROEMIEEED E IR

B FREILIEE SW—EERTZEHEENE L 5
2o BB, SHEZEINZANF—~T 4 VI —&D
ERISGEEEDME (0.5nm) BIERESETH 5,

3HR

1) Y.Bando et al., Ultramicroscopy, 18, 117-126 (1985)

2) OL.Krivanek, AJ.Gubblens, N.dellby, CE.Meyer, Mi-
crosc. Micronal.Microstrut., 3, 187-199 (1992)

3) M.Tanaka, K.Tsuda, M.Terauchi, K.Tsuno, K.
Kanayama, T.Honda, M.Ishida,]. Microscopy, 194, 219~
227 (1999)

4) H.Shuman, CF.Chang, AP.Somlyo, Ultramicroscopy, 19,
121-134 (1986)

5) SJ.Pennycook, Contenm, Phys.23, 371-400 (1982)

6) H.Kurata, S.Moriguchi, S.Isoda, T.Kobayashi, J. Elec-
tron Microsc., 45,79-84 (1996)



RS AT R O BASE & R B 2 PSR

% 3% PUREFHIAEEIC X 28 L il BB sk DR 3 & bl

3.1 FLwic

FEIRE FEMEIEE, 1970/ ERY - EERAIC
BHCHESL, BOBRETFREMSIEL LTHISN
T &7, BE, L HAWSNTWAIIEERE200kV @
HOTHEMEEED).2nm ICELTE Y, BEEETFE
HEICBWTE,0.Inm 2Y]51ICWizoTwaY, 7z,
XA AveRvicEifke 22D, BETEESE
BELTEBETLZIENTE LD, BHEREEEE
FHEMSEEZ, HEFRICBOT, REIEDTER
WFREE RS T3,

LirL, EEETEERETEHNEAND 57,
ESTREEROBEETR I, BT OB ET
FHRRL, LV v AD b DONER EPEBECEELTBY,
FOREBLTUSERTER VW, BXlbDR, Z
DEFHDEELZRILTWD LIRS B W L2,
WL DD DBREFITB W THE SN T B9,

Bz, 3RE, FHE, BaXEx Y, BETcEDRA
FN- RS R2EET 2 L &, FEoEWELE
BT EPERT S & XWHLET %, Fresnel TR,
BB OEELELRD, ELWEBEREET L
WMTELRWIEWH B,

RIFFETRET 25 L WEHEE (YORE FRBEE)
12, BN AS T 2 BEFROTBELERMCELI L,
A DERBHLET DI L2 % Fresnel T¥biE%
MzzZE0E->T, AFEEEZZOE ERL 2
EGEBDLHETH B,

HROERERTIX, AHBFROTBESEVIZ
EFRLWAERESB N, TBHEOETE, mofEse
B THBEHEZLN TV, LHL, FHFET
AT LW, BEFROARNAMLICHH ER 5L
T, DRRE R S T L R4 Fresnel THHEIST
PMMZ2IENTE S,

3.2 EEEEH
9, WaTHEEERLLHENAFCEINT,
POREFRRNEORBE Z AT 5,
BTRICES T, XRELEDHKE, ZO8ERD
Eole L ETBHRBIENS, T2 21X, H5HED
SHiZe R, ZAROHWA Y y MEL L&, SR
ERATAY v b ERJENCEWIZAZ Y — I,

FHELENS,
ZOTFBROBEE, XEL» S HIEOTHHIC &
S TEDL>TL 5, THERHEITRELLT, 7
TBESHVONE, ZOTUTHER, THEOEY
EVTF 4 —RHAWTERINGY), COATBEN 1D
EE, RIFEERRTL T (coherent) DIREE
hHbd, —H, AJFHBENOOD L E, FEFFETFH
(incoherent) £ 7c %, ULir L, BHEREL AW TY
5HD% <, IhoDFERTREBECH S, ZOR
Bz, MOTHELFEATY S,

—fRIZ, A7V —CIBLUHEINABROEES
ML THRTE, KAOBICZ S,

[(k)=fT(k’+k,k’)F(k’+k)F(k’)a’k’. 1)

ZZC, I (k) 3B E % Fourier £#2 L 7-B%%, F (k)
BB EBEE L L & OWBEEM, F (k)& F(k)DE
TR, T (k' + k, k) BB RE & iEh 3 %
THB, 205, FIE)FERICXL > THREANSE
WThy, T (k'+k, k)iZv oy XDONRERNEOF T
BECL>TREZEHTH 5,

HATHHEE2EETS L, ZOBEHEEGREIZRD
LowERIh3B,

Tk k)= [tq+k) (g +k")s(@)da. ()

Z T, s(q) ZBTFROAS DA 2RI EHT, coher-
ent %2 DFE I, Dirac @ ¢ BEUZ % 528, ERI X
Gauss BT EIN S L 5 LB TH %, ¢ (k)
VR RS & A, IGERR ¢ (k) 2V TRAD LS
WEREND,

t{k)=expl— 2 nix (k)], (3)
wrnlcv#—iAAW (4)
AR g S

2T, Cs 3xy v X OREINE, A RBETFHOWK
B, MzR@374+—HADTNETH 5,

IIT, REPEEBLL L E OB F (k) 2o
W, fEEbDD, FUEYERLINEEAT S, 7

7 [



R EE TGS #1155

Khb,
F(k)=¢(k)+i0(k) (5)

CRET S, 22T, B1HED S BT EREEERL,
EOEIENERRL TWD, EITEEBERICL
T TN T 5728, BERE BT w5,
ZITCRUMATHEL &, I I TRNBNEETH
HEETEIC & 5 T, ZOFHAMEYLINEAE TR W,
AEMAEE T H T T T, BAMEYETH KT
T2, ZITH, HLETHRIEEIC R DD,
SEEERI 2 RE T %,
HKG)EX(OANAL, O(k)D 2 RERERT S E,

I(k)=T(k,0)06(k)+0O(k)B (k) (6)

L3, 22T, B(k)ida ¥ M7 A MEEBKE L
h, RATEES NS,

Bk)=2 [sin{2z[x(g+k)—x(q)]}s(q)dq.
(7)

Z OB, BEMEIC X AR, CORBEKS D
ENRIEHETLILERLIGERTHY, SRR E
BT %9 2 TEEZBRTH 5,

WE, TBEOBRWHEERZHWTWEEHE, AKHS
i R T AR s (q) 1, DAHIBOI:, & B
e Lo Tw3d, ZOHE, 1 RKABDSHKIL
L, a3 ¥ Mo A MEEBEBERRAD L S ek s,

B(k)=2sin[ 2 zx (k)]E (k), (8)
E () =expl—z%q2 (CsA3RP— AzAR)?]. (9)

Z ¢, H(8) @ sin HIZ5E 21T coherent %o & ED I~
b7 A MEEBRT, E (k) 13K & XN 2 5E
HTH 5,

IO 1IRECE T &, AESHBRRELEDHF
BHEPMETT 5 &, BB L 2EBRENE LD,
BRABBROBMRICEE TER R BER, SHER
KT3I 88 s,

L Ladss, 1 KIS D 3172 78 W w4
RIS D - 2356, BIEN R - T %,.Fig. 3.1 12,
1 XKERERWISEEEAvEWEEDa Y M7 X b
CEAER L2, 22T, MBI U7+ —H AT

g, XHAO &S Rz X v RoTb L - E 5k

RAwTwnz,

=
k*=k (CA3)M, (10)
Az*=Az/(Cd)"2 (11)

Fig.31 2R3 &, AEGMB/NS 0 E &, A
DHFRTIZEA LB L, EHMBELEDII> T
Wi, Ldl, ABSHNAKEL BRI LR T
NBREL Z>TBY, EUBPTTETHS Z Wb
5, Lich>T, TORE(FEBIZE, # mrad DI
HA) T, 1XAEMEAWT, RN eEIOTEHE
LEgHniE% sk,

ZD &5 1 KEUMEE D Ll wiEE %2, [URE
FHES (Convergent Beam Illumination: CBI) &
RO, SEBLD R D AL DR %, AT TR IRST (Parallel
Beam Illumination: PBI) Y IfEEZ & 2§ 5, ED
BHIZEE R b DTV, AREFEOIEAS
Fomrad £ D REDGEVPGRE FRERFICHY T2,

Fig. 31 TEELTH >k Wwild, Z o EY]
W0 2% 8 (Fig. 3.1 ok ThHs, (LT,
ZODEE R*ERT,) D k'L TCORBEERI KGR
KHETESD, Ind VEREORSIERCEFS
TERWIED, 20 k*BHEEROEZ L LThHDOhb
N5, Fig.3.1(c) D k*id, &Y TBHOBVETFEE
Bwizg& 0 Fig. 3.1@) D k* & D BAFEEAICE -
Tw3, ZOI L, THbb, BFHROASGMND
FiERELLFBEEERET IR LT, DfEEED
B ESBETE 2 2L BRLTWVS,

D k*DOMENZ, 1 KRR B EE RN E
WIRRTH 5720, FERORB®) 12 & 5 1 KELUE Fuv
TR S RELNZORTH D,

3.3 EE#MIaL—Sayr

IREFHIBENE X 29 BEM L2 E»D 5720
W2, BFEEY I s v— Y e v ETo BRI DWW
XD,

HHOEE R RO EGREGROER, S5 MEETHE
MEEEE, Ha P I AN ELTHEHBEENTWSY,
COFEBRERICESORHERY S av—Y a3 YDA
EPREINTEY, SVFRATARELFERTY
39,

IORFECEBYIav—yaryFas I AEE L
DIFFEHIC L > THFEESA T BIEDL, TEREATW



ARSI RAT D BASE L A B 575

1k g
o=s (a)
-2 1 1 1 1
0 0.5 1 1.5 2 2.5
k*
2
1| -
N FAN
m
4k |
(b)
-2 L 1 1 1
0 0.5 1 15 2 2.5
ki
2
1k o
% 0 " r
[}
b [}
-1 k- ¥ y -
()
-2 1 1 1 1
0 0.5 1 15 2 25
k*
Fig. 3.1  The contrast transfer functions at a defocus of Az*=

1.2 for beam incidence spread of ¢;*=0.1 (a), 0.2 (b)
and 0.4 (c). Solid and broken curves are derived from

equation (7) and (8) in the text, respectively.
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Fig. 3.2 Simulated images of Au (001) 5x1 reconstructed sur-

face structure that are calculated with convergent
beam illumination (a) and parallel beam illumination
(b). (c) shows the intensity profile along the solid line
in simulated images. Thick and thin curves are

obtained from (a) and (b), respectively.
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Fig. 3.3 High resolution images of SrTiO; interface structure.
(a) was taken with convergent beam illumination and

(b) with parallel beam illumination.
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Fig. 4.1 Nanoscale materials of fullerenes (a), nanotubes (b),

and nanocones (¢)
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Fig. 4.2 Schematic diagram for laser heating of the crystal at

high temperatures under a diamond anvil cell
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Fig. 4.3 Multi-walled BN nanotubes synthesized by laser heat-

ing in a DAC as in Fig. 4.2
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Fig. 4.4 Synthesis of BN nanotubes by a substitution reaction

method
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Fig. 4.5 X-ray diffraction patterns of BN nanotubes and start-

ing C nanotubes
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Fig. 46 TEM images of starting C nanotubes (a) and BN

nanotubes (b). Diameters of about 10 nm of the

nanotubes kept almost constant after the reaction.
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Fig. 4.7 Tube chemical compositions (a) without MoO; and (b)

with MoO, additives. Note that the yield of BN

nanotubes increased with the use ofthe catalytic addi-

tives.

d y

BN nanotubes prepared with the use of MoO; additives.

Fig. 4.8

Note that the tip end of the nanotubes becomes open.
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BRI BRI L 7203, MBOBRTEE S 51619,

T~1000 K

C tube opening
MoOg + 3C (tube) = Mo +3CO

(a)

T~1800K

Substitution reaction

B203 + 3C(tube) + N2 = 2BN(tube) + 3CO

(b)

Fig. 4.9 Possible growth model of BN nanotubes with use of the

catalysis.(a) Tip opening at low temperature of about
1000K and (b) substitution reaction at high tempera-
ture of 1500°C.
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(c)

Fig. 4.10 Nano-electron diffraction patterns, indicating arm-chair type (a),zig-zag type (b) and multi-helix type (c). Diameters of the

incident electron beam was about 1 nm.
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Fig. 4.11 Distribution of helicities for BN nanotubes. Note that
about 80% of the nanotubes observed showed a prefer-

ential zig-zag types.

4. 3 BN J—>DAISL & &R

4. 3.1 ~)AwAo0a—>

2EEORE S LIBEDE L 2 BNHKDa—v%
MARACRIIZHRE L, a—VOREEP 1170y
BEORZSEFOLDEAVINTA 70—,
FIRAT—NVORESEZFOODE T/ a— XA
Lize B & S, NV AV 70a—26F
ARIZEOEEZ L TWEDORHLT BN F/a—>
FORABELZ L TWEW, ITiE, 25EED BN o
— Y OEEERORBRZ R,

X4.131 BN O~V A=A 703 —>D SEM £
() b TEM (b)) TH %, A Fa—EmDAESE
FHRBZ LWL, BN a—VvORETFEEZHEHEL X >
EL7%,(b) D TEM RIIBET 2 AR LD 2 —5%
WOAENES THESNS ), 1D TEM &
5A—VOREHOAERELICRDLDIEIH LV, Z



RS RE AT BN D BASE & FI R B 3 2 BF5E

e S 2 T R
et d T ALE )
P FR s o
e T
TehirgRiprie g
et 4

(a)

(b)

Fig. 4.12 Local ordering structures in BN nanotubes due to the
correlation between two adjacent layers and their
calculated images contrast. (a) hexagonal packing, (b)

rhombohedral packing.
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Fig. 4.13 Helical microcones of BN observed by SEM (a) and
correspondingTEM images (b)
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Fig. 4.14 Electron diffraction patterns obtained from the cones

located almost perpendicular to the cone axis (a) and

parallel to the cone axis (b)

Fig. 415 Cone apex angles distribution for BN and C cones
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Fig. 416 Two possible models for the cone structures. (a) helical
conemodel, and (b) non-helical cone model showing a

single closed “hat”.
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Fig. 4.17 Superperiodicities showing darker (0001) fringes, p=4,

observed for the BN cone.

Table 4.1 Values of the helical pitch (P) obtained by fitting to
the equation shown in the third column, using the

observed periodicity and apexangle

P Bapex Bover = N.PItch.60°P  [Bapex
(observed) | (measured) | (closest prediction) (predicted)
c 18 137+2° 7.1.60/18 = 23.3° 138.5°
c 8 1011° 3.1.60/8 = 24° 100.8°
BN 4 124+3° 1.1.50/4 = 15° 122.1°
BN 10 95+1° 2.2.60/10 = 24° 94.3°
an 13 96+1° 6.1.60/13 = 27.7° 96.1°
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Fig. 418 BN nanocone with apex angle close to 39°.
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(a) (b)

Fig. 4.19 A 240" disclination, a cone with apex angle of about 39°.
Two orientation of the cone about its disclination axis
are shown :so that the hexagonal of the surface ele-
ment perpendicular to the viewing direction are in the
zigzag (a) , and in the armchair configuration (b). The
two models are separated by a 90° degree rotation

about the cone axis.
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19.2°

Line defect
of B-B bonds

(b)

Fig. 4.20 A BN nanocone showing a 19.2° apex angle and corre-
sponding lattice image and nano-diffraction (a) are
indicated. The present nanoconeis formed by 300°
disclination, which introduce a line defect consisting
oflike bonds (b).
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Fig. 421 Formation of onion-like fullerenes of BC,N (a) and
BN (b) by electron beam irradiation under a 300kV
field emission TEM.

Cix77—VVOBEGEERD , ER LNy F—F =
Z Y DIENERFE TIZR L, SHEHEROEAWIEE
LTWwbZERhNs, Bit, K4.21(b) DEDK &
WRITF R TFORESRNI.2nm) X777 74 bEHE
WHEET, BO/NEWRT (#I2.5nm DKE X))
774 FEEPABETENTTE TV, a7R
AR BIFEABGLEWEE L TWwS, I7DOKEX
13490, 3nm-0. dnm FBETH 5,



HERM AP REE #1155

PEDX 51, B-C-N RZBWTERLIZTLEY
=y (NyF—F = VRF) ONFIFERFE 8
B O 2 BENBHES W, ZOBEOENIZ TR
NB E D EFEECEBR L EBEDER LD
ERbNns,

777 74 MEEERFORRRTFIINL.23(@) DX
2 6 BERSHEBRKCEES %, CO1KDT 7774
M EBERRRICEAC 512 ix, 6 BERO—MERFEHEL,
SEBRWERTAILNEND S, Cold 12D 5 BB E20
BD 6 8FHM O)DORCEET ALY, yuib
— R =R LI 7 T — Vv OEERHEE-> T3,

—77, B-C-N RO L THEHEICBWTIE, B-B® N
-N LB o eABETRELOBE T AN F - T %
ET, FBREZOIIZBEEFFELIIS WEEZ
BRTWw3, ZOEREOHRNSL TR 7 -1
DOEE =X T 2 REZAFTH 5, ZDFEER, BC,N
BN, B:C, xZ EDETLHE T 77—V OEEIT Coo D
EEEIRELERD LN TFHEENS,

&4.23(b) 12 BC,N 79—V v DOEETFVETRT,
4.21 (a) TEEIBEZ 3N BC,N 77—V R T0
HFUOES (27) oKR&ES (BE) 380.7Tmm T, Z0
KESWF CeoD 77—V FOEFELIZIZFRLAE X
ThHad, TOEER, BCN 77—V U CeptREUS
FHEEBLTWR I EERRBL TS, Bib, Cepiady
JEL T, BCN 7 5 — 1V i3 BisCyoNis DT & HEER,
ENTW5E, {LEEEOHIFI» S, B-B® N-N OfF
EELoFE 2B LT, C-C, B-N, C-N, C-B®
{EEOEEREEOHAGDLEEERE TS L, K
4.23(D) D& S5 LHEERHL LN TES,BCN 75
— V128D 5 BB L 20D 6 BROMAE DT,

BK

5000+
CK t-BC2N
/ {before irradiation)

4000+

30001

2000+

a large open onion
(after irradiation)

1000+
150 200 250 300 350 400

Fig. 4.22 EELS spectra from starting turbostratic BC,N films(a)
and that from onions (b). Note that after the irradia-

tion, no chemical composition has changed.
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Fig. 4.23 A hexgonal sheet of BC,N (a), and a B,;C3N,; fuller-
ene. Note that no acceptable B-B and N-N bonds are

not present in the model.
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Fig. 4.24 Structure models of BN fullerenes. (a) B;;N,;, and (b) B;sN,; molecules
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Fig. 4.25 Series of octahedral cages building a 5 -layer onion:B,,
Nz, B1sN7e, B20sNzos, Bi12Narz, BersNoys after structural

relaxation by atomistic calculations
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Fig. 5.1. A schematic view of the particle-surface interactions

as a function of time and distance from the surface.

WBITI2HELL, 14 ORERBI 27 26 O
R - BEEABE TH 2 L AR TENTEL, TDL &
OHEEIERRRE (FERM) 344 Bl F—
Wh X BH, B 213100eV O H* A 4 > TS5 7 = 4
FORRE DB, £, 44 VEELOBEE LT, Ex
DOFEHFETF & OEZEE (FEER) ZXFHL CllE
THRIENTEREWSIZLE, IEHESN-HHM
B2 EEICR > TR FOREBERBORILEHERTE 2
EORIEHMEBT A ENTE S, SRRV 7
O—7SHEDTFuY—TE2IE, ABAFTVDE
B ANF—DHE0NEAHRT Yy VIR VF— T
L VREORARFEFEDOEFIREEHVESL LT
BL (Rrevr?), ZoRiE S r s 4>
DONERRFED 5 W ILEE = 2L ¥ —DZ b SEHET
L(Fu—Err), 0L, BEER»S>DA I
YOBHBEREFMCHANZH LY, 72400
KEETFHERE & £ OFEFERCE L ToFkT
BEshZw, 22— ZHMENESND I L3 HEF
ENd, XEDPSDA A OMEITIZAST 2—K4
I OEELDIEMIZ, A4, BF, XL -T
BlEMIANDIEE» S D KA 4 Y IRERH %93,
BEFIF AR T RIEERS = 2 V¥ — (0-100
eV) A4 Y ORHIRKETHY, FKE L OHEIERRM
121007 = & PEBE LR B 5, - T, HRER
DOREA AV EBEOZRA A v EEHTE I T &
D 1-1007 = & s WOREEFE T 5 1HH
/oNdIilind, KE»PLDA 4 VRHEEREE Z
DEIBRFLWHEA»SHIFETEZ LWL, Hilk
KT FEORAELRITE S £ OBEHEDO HYY
TH 5,

£, EHEE» SO 4 Y REEREELZ OXRE
FEAT Y, BIZEA A #8ELEE (LEIS 2 wik
ISS), XA # YEESE (SIMS), EFB LU
FHAChiEE Yt (ESD, PSD) & QR E T CTEET
Hbr, LIAVEHRES A 4 v EERKREEDE
THEER, 2 0IEEE? S DA A VRHERE I
T 5L OHEBIIBD TR+ ThHd, TOLI®
2 IPWRA A DR HALDORIE % E#ET L, T 1SS
DHFTRRAE» SME SN E2FEHEFE2A 4 v L &
HICHRITREIBEC L > TIRTHH T 2FER RPN

__25__



M E A S REE F155

Twd, ZOFHEFFREMBEERREA 4+ HELS Yk
(CAICISS) & he, B@BlfEfo 5 TALIS Lw»
S ERATT TR TV 5,CAICISS O,
HHERFOZAKEZRTH D, HEIIRD THEMICHER
ENZEVI AV MHDKE, kAL ARHD
AV w N THoT, BOREBRENEDbN S,

A F UHERER I FRPE 2R R T L RE
COBFOREZENTLEETH 2080, BB IDH
FREMBET 57z O IERFRICHTE L 72 Schrodinger
BREELLEND S, £/, BEFRBOHEFELSHE
FROBEEREERTH 5720, DAL OMEETFOBET
IREE, B2V EbREONN Y FEEE TITE
BIZANDLENRD L, ZDOLI WA VikHERERE
FLHWED VI T ERSHTHRERD THE L ME
Thb, BriE, 14>, BF, At & 2 EHES
H»5HDA A YR ROFERE ZFHEMcHET 5 2
L&Y, LRI FEOTREEZHREL T
Tz % DR, AT S, KFEA 4 PElb - &
A A AL IR0 X UHRIR A A BB ks 11
VS FH L WREMTFE 2R LT,

5. 2 KFEAF ML IE

A4 YOREE 7 2 L MVRPORE L AR EINDE I L
WD, HetD X D BFHAAA A VIE7 = 5 b
PoOyHEKRE R, 27 HH O LI 2 REHEA 4 k7 =
LAINHOIEERERTDEARTIENTEL, 20
EEHRHALOBRIATA L VDOR—AWBT7 = A
OHAEEAORHESENIDE I (B DWIIRTE
BT 20nE50) THRE S, K5.210R Lz L D1, HY
A F VIFERNC ] EFEETDH 2HLBEEBIc L O
Hiband, 20 & SEELOBET HY 1 s BuBNEEA
DMEFHLWBEREBIL, K-V BEHOME
TV RizBFaNE -0, THEEOHEER (b2 wid
R—NDER =0/ W) 3N PIE (W) CEET
5. &BP St DX D BIER/EWOFEARRE TN
Y REDIAL, F—NVOFFE 17 A MBUTER
%72%,100eV © H* (HE(EHKE 5 7 = & N IEE)
TRIEIEEEEPHEESEZ 29, HA 4 4 Y E 7 v
UNZA TNV TNTA RO LS R
DDA F VEERER O LS —VBRELL, S
{b2RNTHESESL I ENARETH S, THIIHL,
He DA A bz a2 F—id K& (24.6eV) EERM
Z2BFBEBRTHD Auger BEHEIZ L O R — IV ONHEIR T
%, Auger BEEDOHEFIIREO N FiESECEHE D
KFEET,107 = A P ERErZNUEEREL O N,

Surface Hydrogen
conduction 0.75eV
band t

Eg

l His
valence : l
band : -136 eV
e 1 I
0o
distance
{a) bound state (b) surface molecule
valence band H-MO valence band

HMO

H on cations H on anions

Fig. 52. A schematic view of the charge exchange between
hydrogen and the ionic-compound surface. The inter-
actions can be classified as three types which occur in
specific regions, I, II, and III. In region I, the hydro-
gen accommodates valence electrons into the image
shifted ionic (-13.6 eV) and affinity (-0.75 eV) levels.
In region II (2.0 a.u.<d<5.0 au.), the H 1s orbital
merges into the MOs around the highest occupied
molecular orbital (HOMO) position due to strong
hybridization with the valence electronic state (refer-
red to as H-MO). In a very close encounter with a
target atom (the region [II; d<2.0 a.u.), the H-MO is
separated into bonding and antibonding character,
where reionization or e-h pair excitation occurs if the
electron is accommodated by the highly promoted
antibonding H-MO. In region 1II, the position of the H
-MO with respect to the valence-band position is
dependent upon target species. The H-MO is hybrid-
ized with the band (formation of the bound state) if H
is located on the cations while it tends to avoid hybridi-
zation with the band on the anionic site (formation of
the surface molecule). The electron capture probabil-
ity is determined by the competition between the
collision time (5 fs) and the lifetime of the electrons
given by v=4/ W, where W represents the band width
(the band effect).
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Fig. 5.3. The evolution of the H* intensity scattered from the
CO and H,O0 molecules condensed on Pt(111) as a
function of coverage. The primary ion energy was 100
eV and the ions scattered normal to the surface was

detected using an electrostatic analyzer.
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Fig. 5.4. Energy spectra of H* scattered from solid Ar, Kr, and
Xe surfaces, together with the clean Pt(111) surface.
The rare-gas solid was condensed on the Pt(111)
substrate by exposure of 100 L. The surfaces were
irradiated with a primary H* beam of 100 eV at the
incidence angle of 20° and the ions scattered normal to
the surface were analyzed. The intensities are normal-

ized through the ion-beam current.
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Fig. 5.6. The evolution of the sputtered Ar*, Kr* and Xe* yields
as a function of coverage. The Ar, Kr and Xe atoms
are adsorbed on the Pt(111) surface. The measure-
ments were made by irradiation of the biased surface
(+20 V) with E;=2 keV He* ions and the secondary
ions with kinetic energy of 20 eV emitted normal to the

surface were detected.
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Fig. 5.7. Energy spectra of H~ scattered from solid Ar, Kr, and

Xe surfaces adsorbed on the Pt(111) substrate. Also
shown by a broken line is the H™ energy spectrum from
the clean Pt (111) surface. The surfaces were irradiated
with a primary H* beam of 100 eV at the incidence
angle of 20° and the H~ ions scattered normal to the
surface were detected. The intensities are normalized

through the ion-beam current.
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of H- scattered from Xe as a function of coverage.
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Fig. 5.11. Same as in Fig. 9, but for the XeH quasimolecule.
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Fig. 5.13. Schematic views of (a) the Auger stimulated desorption (ASD) and (b) the resonant ion stimulated desorption (RISD). In

RISD, the resonant hole exchange between He* 1s and O 2s initiates the event and the desorption of the core-excited O atom

(O*) follows. Finally, the ionization of O* occurs on the outgoing trajectory via the intra-atomic Auger decay of the O 2s hole.

The reneutralization of the resulting O* ion is avoided by the occurrence of ionization after breakage of the strong

chemisorptive bond. In ASD, two valence holes due to Auger decay of the He* 1s hole might initiate the event. However, the

valence holes are rather short lived due to the rapid diffusion into the band, so that the O* desorption may hardly result.
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Fig. 5.14. Energy distributions of secondary ions ejected from the
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sion with Ti.
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Fig. 5.18. The time evolution of the RISD O* yield from the

reduced and oxygenated (10 L exposure at room tem-

perature) Ti0,(110) surfaces by 2-keV He* excitation.
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positions of the ideal elastic scattering are indicated by

arrows on the abscissa.
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Fig. 5.22. The energy distribution of the secondary H* ion from
the SrTiO;(00) surface obtained by 1-keV He*, Ne*,
and Ar* beams. The H* yield by a 500-eV electron
beam, together with the Sr* yield by the 1-keV Ar*

bombardment, is also shown for comparison.
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each point.
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Table 6.1 The evaluation of positioning repeatability of mono-
chromator by the measurement of the energy position

of Cu-K absorption edge

repeat No. measured energy position Bragg angle
of Cu-K edge [eV] [degree]
1 8980.6 12.7180
2 8980.8 12.7177
3 8980.2 12.7186
4 8980.4 12.7183
5 8980.4 12.7183
6 8980.6 12.7180
7 8980.2 12.7186
8 8980.2 12.7186
9 8980.2 12.7186
10 8980.2 12.7186
mean 8980.4 12.7183
Pl 0.2 0.0003 (~1 sec)
g, 0.2 0.0003 (~1 sec)




SRR O BESE L R BT 2 BT

bW s WL
T

A Energy [eV]

y = 2.1E-08x% 8.9E-05x - 5.3E-01 |
R? = 9.9E-01 4

N -
T T

1 1 2 1
5000 10000 15000 20000
Photon Energy [eV]

Fig. 6.12 The energy proofreading curve in WEBRAM, obtained
by measurement of the X-ray absorption edge of sev-

eral pure metal (foil).
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Table 6.2 The thickness of the hutch modules of WEBRAM

Part Thickness of Fe  Thickness of Pb
side wall (optical hutch) 0.935 cm 0.986 cm
back wall (optical hutch) 0.935 cm 1.988 cm

ceiling (optical hutch) 0.935 cm 0.986 cm
side wall (experimental hutch) 1.12 cm -
back wall (experimental hutch) 1.12 em
ceiling (experimental hutch) 1.12 cm
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Table 6.3 The optimums condition for Savitzky-Golay smooth-
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column, The conditions about degree of polynomial
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Fig. 6.22 The processed metal Ni 3s and 3p photoelectron spec-
trum (solid line, upper is with background, lower is
without background by Shirley’s method. The dotted

line is the observed spectrum).
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Fig. 6.23 The processed metal Ni 2p photoelectron spectrum
(solid line, the background cureve was decided by
Shirley’s method. The dotted line is the observed spec-

trum).
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