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Fig. 1 Five research teams of the CREST research project ‘‘X-ray
pinpoint structural measurement for nano-materials and
devices”’.
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Fig. 2 (a) Schematic figure of the experimental setup of the high-
precision diffractometer system. (b) Photograph of the X-
ray pulse selector, the Si(111) channel-cut monochromator
and the high-precision diffractometer.
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Table 1 Specifications of phase zone plates ZP1 and ZP2

ZP1 ZP2
Outermost zone width (nm) 250 75
Number of zones 100 400
Diameter (um) 100 120
Ta thickness (um) 2.5 0.8
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Fig. 3 Schematic figure of the zone plate focusing optics.® The
phase zone plate and OSA are aligned by the XYZ position-
ing stages. These components are mounted on the same
translation stage (stage-x), which can be moved by 60 mm
on the aligned light axis to make a sample centering using the
optical microscope. The position repeatability of the stage-x
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Fig. 4 Knife edge scan intensity data of the (a) 15 and (b) 8 keV

microfocusing SR beams in the vertical and horizontal direc-
tion at the focal position (black line). Red and blue lines are
derivatives of the measured intensity and the Gaussian fitting
profiles, respectively.

Table 2 Achieved performances of ZP1 and ZP2%

Phase zone plate ZP1 7ZP2
Photon energy (keV) 15 8
Beam size, vertical X horizontal (um) 1.4%x2.9 | 0.33x0.47
Photon flux (photons/sec) 1.25x 1010 | 2.92x 108
Photon flux density (photons/sec/um?) | 3.1x10° 1.9x10°
Gain factor 400 4400
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Fig. 5 Schematic illustration of time-resolved X-ray diffraction
measurement using a laser-pump X-ray probe method.®
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Fig. 6 Time chart of the pulsed laser, X-ray SR, and the gate of of
an X-ray pulse selector for a snapshot measurement with
time delay of 7.
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Fig. 7 Photograph of precise timing delay unit. The unit is com-
posed of a continuous phase shifter of 508.58 MHz RF sig-
nal, frequency dividers, and digital memories to control the
phase or timing delay.
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Fig. 8 Time-resolved (400) diffraction intensity of a GaAs single
crystal at an offset angle when the surface is irradiated by the
femtosecond pulsed laser.
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Fig. 9 21st measurements of the start time of the diffraction inten-
sity change in Fig. 8 (solid circle). The start time is deter-
mined by fitting the signals before and after laser irradiation
to linear functions. Red curve is a Gaussian fitting of the the
start times, which shows the time precision of 19.7 ps
(FWHM).
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Table 3 Optical parameters of the time-resolved Xray diffraction
measurement system

Repetition |Disk rotation| Laser beam | X-ray beam T:négiiro?lf
rate (Hz) |speed (m/s) | size (um) | size (um) forpone disk
1x103 8x10-2 30 3 1.8 x10¢

5 5x1073 300 50 3x10*

*X-ray beam size 3 um for 15 keV
*Incident X-ra

*X-ray pulse duration 40 ps (FWHM)

Sample disk rotation system
*Rep.rate | kHz
*Speed 50 mm/s
=Side—run out <2 um

y intensity
10* photons/pulse for 15 keV

*Data aquisition for a disk
1.8 M shots
Aquisition time 30 min

j. ' zgggs riglte Disk g Laser for
— - Pulse selector Clmnnel—cuM - /p rotation 9P reflectivity
Timing precision £8.4 ps | monochromator "?._,. " ,? monitor
- -~
Femicooind _"_*-'—-—-_‘ Lens a Photodetector

pulsed laser -~

*Laser beam spot size 30 um
*Laser pulse intensity

<500 pl/pulse for 800 nm

<80 w/pulse for 400 nm
*Laser pulse duration

100 fs (FWHM) Typ.

Curved imaging plate

=
AN
~4 2 N an *Reflectivity monitor system

T a - +Laser wavelength 633 nm
+Time-resolution 3 ns

Fig. 10 Experimental setup for taking a snapshot of X-ray diffraction profile of optical phase-change materials.
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Fig. 1 Photograph of the rotating sample disk.® The He—Ne laser
beam for a reflectivity monitor is guided from the back side
of the sample disk. The X-ray SR beam irradiates the sample
through a phase zone plate (ZP), order-sorting aperture
(OSA), and a collimator to reduce the X-ray background
noise.

DVD # BHAIE T O N RS FRFEH > A 5 A % Fig. 11
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T, TORDX>IZ, He-Ne L —¥ — %K O HE »
HEAL, EWALGRER (GEAYENR) @l T, #E
HEOKMKRE T + XA —FCHEITES LDICL
Too KEIBRREENY, V—A AT v ¥ —%ML T, BERM
BEL0Ons D7 x XA F—FIZ TS, ZOREFIT
TYVRNVAYBAT—TTHETE% 551k ->TW5b,

3.2 DVD (EHMAHEZBIEDORE SR X RE
DVD st Rt oL, G375 2 & i (E120
mm, JEX0.6mm) [ZA/Ny XETHERET + A7 D
RFEHI S BEHEM I TH 5 GST B L, ZO EIZ 2nm
JED ZnS (80 mol%)-SiO; (20 mol%) DF x v /& &
L7 DR L 7o, HEMBEDOE XL, [EIHTsRE =5
TDIT, TENT 7 ABPEEL THETELRKDE
XTH5H300nm & L7z, ORI, EEROMBNT
4 AT TOMRE L G % L 10EREEL s T b,
CD7, 30um K->/ 7 2 AV AL —F— —
LI K BREFAIS DWW Tl Sk 2 PR L 7=, Fig. 12 1C[a]
IRRURHE ISR T ¢ A7 B0 1, BalStT7 o A b
WL —— VAR RBE L7250 GST 5 4 A7 EHDE
HATRT, abic & b7t TREERMENE AT L
ERBLT, V=Y —RBEMNESAHL VY —7 L L THE
INb, Tz, BE<—738EREWBATED, EEREE
BRERBEICHBEIN TS EB5r5b,

Fig. 13 (213, RS ERFKGEHY A5 A THIE L 2R
HERDOEEMZAL 73T, 170 ns A 37 TEIC RS 2388
LTWAI ERGhh, COMMEIZED, Ry 7/-To—

100 pmy 5

Fig. 12 Photograph of the GST sample surface after the laser irradi-
ation.® The light-colored area corresponds to the footprints
of the femtosecond laser pulse irradiation, where the reflec-
tivity changed owing to the phase change from amorphous
to crystal state. The disk moved in the vertical direction in
the figure.
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Fig. 13 Time-evolution of the photoreflectivity for GST.®
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BOERLTOF— 2B L 2 UFTOMERHREE (c) & (D)
WY, BERBAELZ TWAZ LICKD, BT
DOF—F LI L TS/NEASAEL TWS T &R0 0
bHo CHUCTKD, UEIOT—2 TREHETE T\ indh - 7o
EfOT Sy 7Y —2 [Fig. 4(a)] < 20=16"26°" 3T
CRONATO—RaT €T 7 AC—7 AHUTRREIC 7%
> 72e R AT IZBAEHETRTH H A, 1<100ns Tl
FEAERUTEIVT 7 20707 7 LU llsh, 7
BT 7 AR SRS REEZ RS C L 7n SHEZELL
TWAB I EDPRBEINTW5, BfE, ZOS/NEOm E
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Fig. 14 Snapshots of the diffraction profile at t= (a) 225 ns and
(b) <O0ns, obtained by 1kHz repetitive measurement.5
The signal-to-noise ratio in (a) and (b) is at least several
times better than that in the snapshot at (¢) 7=300 ns and
(d) <0 ns, which were previously obtained by 5 Hz repeti-
tive measurement.”
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X-ray pinpoint structural measurement for
nanomaterials and devices

—Watching optical recording process of DVD phase
change materials at SPring-8—

Shigeru KIMMIURA Research & Utilization Division, Japan Synchrotron Radiation Research Institute,
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan

Yoshihito TANAKA RIKEN Harima Institute, RIKEN SPring-8 Center,
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 678-5148, Japan

Noboru YAMADA Digital & Network Technology Development Center, Panasonic Corporation,
3-1-1 Yagumo-Nakamachi, Moriguchi, Osaka 570-8501, Japan

Masaki TAKATA RIKEN Harima Institute, RIKEN SPring-8 Center,
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 678-5148, Japan

Abstract The pulse characteristic and high coherent x-ray beam of SPring-8 allow us to investigate dynam-
ics of chemical reactions and phase transition of materials caused by applied field. In order to realize such
direct investigation, ‘‘x-ray pinpoint structural measurement’’, which is the advanced x-ray measurement
technique in nanometer spatial scale and picosecond time scale, have developed at SPring-8. The features of
‘“x-ray pinpoint structural measurement’’ technique are, 1) spatial resolution: ~100 nm, 2) time resolution:
~40 ps, and 3) measurement under the photo-irradiation, electric field and active devices. Using this tech-
nique, we will explore the novel concept and new phenomena for nanomaterials and nanodevices.
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