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Development of two new X-ray undulators with tilt mechanism at the PF-AR
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Table 1. Parameters of U#NW2 and U#NW12.

U#NW2 U#NW12
Period length 40mm
Number of periods 90 95
K 0.12~3.0
B, 0.32 ~ 8.12kG
Minimum gap 10mm
Maximum gap 50mm

Magnet structure Pure
Magnet material ~ NdFeB (TiN coating)

0

-2000

— -4000
2
=
=
20
= -6000
-8000
-10000 : : L L
0 10 20 30 40 50
gap (mm)
Figure 1 Relation between the magnetic field strength and the magnet
gap in U#NW2.
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Figure 2 Spectra of the synchrotron radiation from U#NW2. The curves
with the number, n, denote loci of the peaks of the individual
harmonics. The spectrum in the case of K=1.5 is also shown.
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Figure 3 Inside structure of the in-vacuum undulator, U#NW2.
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Figure 4 Calculated spectra (the fundamental harmonic: Fig.4a and the
third harmonic: Fig.4b) of the radiation of U#NW?2 in the
tapered mode are compared with that in the ordinary mode.
In the tapered mode, the undulator field increases from 0.45T
to 0.49T at the exit of the undulator, whereas the field at the
entrance is kept constant to 0.45T.
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Figure 5 Calculated spectra (the fundamental harmonic: Fig.5a and the
third harmonic: Fig.5b) of the radiation of U#NW2 in the
tapered mode are compared with that in the ordinary mode.
In the tapered mode, the undulator field decreases from 0.49T
to 0.45T at the exit of the undulator, whereas the field at the
entrance is kept constant to 0.49T.
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Figure 6 Electron orbits in the horizontal (Fig.6a) and the vertical
(Fig.6b) directions in U#NW2 at several gaps at PF-AR's
operation energy of 6.5 GeV, which are calculated based on
the precise measurements of the undulator field.
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Figure 8 Calculated spectra in the tapered mode are compared to that
in the ordinary mode. The calculation is made on the basis of
the measured magnetic field shown in Fig. 7.
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Figure 1 X-ray Lang topographs of ultrahigh-purity aluminum single
crystal taken (a) before and (b) after cyclic annealing.
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Figure 2 Change of dislocation density in ultrahigh-purity (7-N), high
purity (6-N) and pure aluminum (5-N) single crystals during
cyclic annealing.
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Figure 3 Laue Topographs taken with different diffraction planes.
Arrows in bottom of photographs indicate the projected
diffraction vector g.
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Figure 4 Topographs of an aluminum single crystal taken at (a) R.T.
before heating and at (b) 300 °C. Some straight lines oriented
<110> are observed in (b) in addition to interstitial-type
dislocation loops.
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Figure 5 A series of Laue topographs taken at (a) 300 °C, (b) 230 °C
and (c) 320 °C after re-heating. The straight lines in (a) and
(c) are vacancy sources in ultrahigh-purity aluminum.

Flgure 6 High magnlﬁcatlon topograph of boxed area in Flg 4 (b).
The straight lines shown in the previous photographs are
dislocation loops in rows grown as vacancy sources.

BT 2 EHBELTOED0DN S, EHICTDIREND
RO CANHEFET S &, £z <110> FAZE AW 2 ERRIR
DBPMHE L TWS, Z LT 320°CTOHBIGEATIZ 300°C
TOHBESEAMCIAZ, HLWEHMTHHELTWS, 7
%@ <LIROBEEIEIE 300°CT 5 x 10°em™, 320°CC 1.1 x
0'cm” TH O, LT RbE, ZfLOBTHIEE ICKLF
L“CL\% TEehbhB, UEDOEEFERID, ER LD
BUIE TP RIET 2 L HB L, @BRENCE2 LU T
WA ERDNDB, ThROBIRE EFICK D BT 5
FOBIFFEFEALIETH 2, ZELIRDIEEZIHSMNICT S
728, Fig. 4 DEJTEOMEBOILK G EZ Fig. 6 I LT,
COEENSHIKTY 5 & 2HLIED IERIEANY F)VERAI DS
MNV—=TRTHBEEZ LN, LML, Bildh5 300C
ANDOFINC K 2 FF2HfLOKREMEE, —iciTbh T
% D B DO ZIREEROGEITHERIEFITNE L, NU A
JENIDTERENTZE L TEZOE Y F EEZIFEE um
1Z7%:% 3l L7zh > T, Fig. 6 ISREN TV AR TR
EACRICH ANV —TREEEZ BN D, T D2
DEBGEPET B8, Hixd AFHED (111} & (220}
7z AT & U T Lz MR Y5 7 O—% Fig. 715
T, TCTHHIHEMUL g & b DBEFRENEET 5D T,
ARG U CHRNDL— T HDERIGH b2[110] TH S
EYEE NIz, IV—TFND T [110] ThH B8, EH
GERTTH Tz ThbE, ERIEMNML—T DR 7z
W—TH]TH 5T EHHLMTIE>TZ (86
B 22 fLIR e U TRV — TR B Lz 2 ki

R .

TATH) d11) (@200 (202)  (032)

Figure 7 Laue Topographs taken with different diffraction planes for

determination of strain field of row of dislocation loops.
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Figure 8 Illustrated representation of formation mechanism of row of
dislocation loops from a dislocation loop for vacancy sources.
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Development of Soft X-ray Projection Microscope for the Observation of Biological Specimens
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Figure 1 Optical layout of soft X-ray projection microscope. Sizes
are typical values in the BL-11A beamline with 1.5 nm soft
X-rays.

Table 1 Experiments at PF soft X-ray beamlines for projection

microscopy.

. Wavelength | Slit width (um) [ Pre-pinhole | Post-pinhole
Beamline (nm) (Entrance-Exit) (umo) (umo)
BL-12A L3, i‘; 33, 100-100 1,5,10,20
BL-11A | 1.5,2.4,3.5 200-200 10, 20, 100 | 1,5, 10, 20

BL-2C 3.1 100-250 59,100 1,5,10,20

?'5 um¢ pre-pinhole was available only for post-pinholes with the
diameter larger than 5 um.
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Figure 2 Effect of pre-pinhole on the spatial resolution. (a) no
pre-pinhole; (b) 100 pumé pre-pinhole; (c) 10umé pre-pinhole.
Test patterns with defined width of line and space were
imaged with 1.5 nm soft X-rays. Post-pinhole: 1 umé;
Magnification: about 252 under 1mm distance between
post-pinhole and the specimen.
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Figure 3 Observation of 0.25 um pattern under 0.2 mm distance
between post-pinhole and specimen. (a) no pre-pinhole; (b)
100 um¢ pre-pinhole.
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Figure 4 Reconstruction of image blurred by Fourier diffraction. (a)
Raw image; (b) Reconstructed image. Wavelength: 1.5 nm;
Pre-pinhole: 10 pm¢; Post-pinhole: 1 um¢; Magnification:
about 168
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Figure 5 X-ray images of human HeLa cells. (a) X-ray image at
the wavelength of 1.5 nm; (b) Phase contrast image with
optical microscope; (c) Magnified image of intracelluar
part indicated by the arrow in panel (a). Pre-pinhole: none;
Post-pinhole: 1 um¢
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A Possibility of Surface Chemical Mapping by Soft X-ray(1-3 keV) EXPEEM
(Energy filtered X-ray Photoemission Electron Microscopy)

Kiyotaka Asakura

Catalysis Research Center, Hokkaido University
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AOREERNZRE U, Z O OLAN R EVEHR 2 IE
TERHEND B, i, (LFET L AR 51, b
RGBT > T3 in-situ T TIT2 T ENKDYEE
LW fEROZERIGIRREZ AT 551k L L TR, EF#R
72 % @ T ETE & L ERNEMEREN D 5, HE T
MBETE, BHTrA—XOWEMNREETH % L. in-situ 5k
HOMEELFEBL TS (1], LA L, EARICEK SR
BIEZHETZ2ENTERNL, Koz iEild 2 Ak
WD 5, EERFEMBHEIC K DRI T S L
NHETH Do AFL T D T3IVF—R8P XD HH
B (EXPEEM) 7£ElE., XHC K Ol X Nz N@OEE 70
HE T3V F—Z oM L, RIRE T2 LT, ikl
HBH5VIEIRREC L ORI~ Yy VT D AEEFETH
%o M (XHD ZHFETEHT e TP EAZ X A=Y
BT B LM TESD, Fio, BEMBE D Z 28T %
T LT, insituIELTTREL 5%, ARG TR, ZDOBLR
ERTREFEIC DN T DX ZFDORERIBEEIC DWW Ciam L7200,

2. PEEM

PEEM (Photoemission electron microscopy) (&, Z%I[f I
L RRB L, SN2 EE 12 o TR
L. KHOHEMGEY 7 IV EA LTRSFETH S, Erl,
Rotermund, Engel 5 (&, PEEM 7 fiiv>, CO ME{bi i 1
> T Pt HURE i IS FEAE 9 2 WS M i D RG22 ) /R 2 — >
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Table 1 Summary of element-specific XPEEM system.
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Figure 1 A sketch of EXPEEM system.
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Figure 2 Principles of Wien Filter: (a) Energy dispersive mode, (b)
Energy-filtered real space mode.
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filler DFFBTH %, Fig. 2aliR_T LD, THRIVF—5
gz TzOFEEHL XD, WLV AZHTI L, K
ETARY MVEBIITE S, £z, BT HETOHE
HERTZHXIICAY Y P2 ANT, FFEOTZRVF—DFE
TEEFIL, $EE L 2 R7%flio> TRIBZIERITHEBR TN
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— IR EEZ TV 5,

4. EERER

Ge(111) 8D —L T4~ BL-11B & BL2A IZZNF
N, AIEEZZHE LT, EXPEEM ORI ER AR Tz, N
FEONRDEME TS~ A7 2L T, Ta_kIC 100 nm JE
D Au 2745 L, 2300 eV D AS X ff7z > 7 )VICIBS L
TIRUH LT K BYEE % Wien filter THOHr. S5 LT,
Fig. 31C BL-11B THIIE L 72AE R O—1il7Z2 L [14], JET
#1Z 10" photons /mm*/s B CTH > 1z, g% FIF 3720,
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ToRkEL, FEYTIVEALTRHENRETH 3 1280,
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IV F—REHET S K 5 IC Wien filter ZF{#E3 %, D
LEFTTLDOMMIL Y RIChh B EEZFELT, i
G2 RO NS, BMEZHDIKT L, Fig.3aDXK S
I Au DS K. TaDENMEZE 2 2 N TE . —,
Ta3p DY TN T 3 )V F—ZEHETE % X 5 I Wien
filter Z % L, FEGSMF2REKE T 5 L. TaBHS <[ Au
ML 2214713, IV I AMIBTLE LI BEVE
DD, 1000 eV ZiHZ 5 A X HRIC X % Wien filter BT 3
JVF— W8T, ¥ T EXPEEM {4%155% C LI I L
7z

TV al—RC =LA TH%BL2A ICEEEE
B L. &7 fifaE EXPEEM 7% FRIERICHUS T 25l A 21T >
7zo BL2A Tld, trFEMN—HimWnizd, AEFIKE, ©
FIVF—HIRAY v b2 ANT BT RZRD TN TE,

Figure 3 EXPEEM images obtained at BL-11B. Images were obtained
by using electrons with kinetic energies of 0 eV(a), 60 eV(b),
102 eV(c),112 eV(d). Accumulation times were 30 sec(a), 1
min (b), 10 min(c), and 10 min(d). Photon Energy was 2300
eV. Inelastic photoelectrons from Au 3d were used for the
imaging of (b) and Ta 3p photoelectrons were used for the
imaging of (c).

Figure 4 EXPEEM images obtained at BL-2A. Images were obtained
by using electrons with kinetic energies of 0 eV(a), 50 eV(b),
90 eV(c),102 eV(d). Accumulation times were 30 sec(a),
1 min (b), 30 min(c), and 360 min(d). Photon Energy was
2300 eV. Au 3d photoelectrons were used for the imaging
of (c) and Ta 3p photoelectrons were used for the imaging of

(d).

Figure 5 EXPEEM images obtained at BL-2A. Images were obtained
by using electrons with kinetic energies of 0 eV(a), Au3d,,

photoelectrons (b). Ta 3d,,, photoelectrons(c). Accumulation

times were 10 sec(a), 60 min (b), 30 min(c). Photon Energy
was 2380 eV.
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Figure 6 Photoelectron energy dispersion image (a) and its grey
scale plot(b). The photoelectron spectrum obtained from
a conventional hemispherical energy analyzer in the same
energy range was given in (c).
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Figure 7 Energy-scan EXPEEM images of Ta 3d,,, region.
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Figure 8 Photoelectron spectra obtained from the grey scales of
energy-scan EXPEEM images. The numerals in the figures

are treatment temperatures. A clear shift was observed
between room temperature and 673 K.
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