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Femtosecond Laser-Driven Shock Synthesis of High-Pressure Structure of Silicon

TSUJINO Masashi, SANO Tomokazu, OZAKI Norimasa, SAKATA Osami, ARAKAWA Kazuto, OKOSHI Masayuki,
INOUE Narumi, MORI Hirotaro, KODAMA Ryosuke, KOBAYASHI F. Kojiro, HIROSE Akio

We synthesized high-pressure structures of silicon, which have never remained after conventional compressions, us-

ing the femtosecond laser-driven shock wave.

We analyzed the crystalline structures of the femtosecond laser-driven

shock-compressed silicon with x-ray diffraction measurements and transmission electron microscope observations.

We found that diffraction peaks of B-Sn, /mma, and simple hexagonal structures which were high-pressure structures of

silicon existed in the x-ray diffraction patterns.

We observed the 3-Sn grain in the dark field image taken at the diff-

raction point of the (011) plane of the B-Sn structure, where the matrix diamond structure transformed satisfying the

theoretical crystallographic orientation relationship using the transmission electron microscope.

The size of the -Sn

grain is around 100 nm consisting of some crystalline grains around a few tens nm.  We suggest that the high-pressure

structures exist under atmospheric pressure with compressive stress from the surrounding structures.

We expect the

femtosecond laser-driven shock wave opens up a new way to fabricate the functional materials.
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Fig. 1 Temperature-pressure phase diagram of silicon”. Melt-

ing curve and phase boundaries are not determined
above 16 GPa.
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Fig. 2

SEM images of femtosecond laser irradiated silicon sur-
face. The samples were tilted 60 deg from horizontal at
the SEM observations. (a) Sample for XRD. Multiple
pulses irradiated without overlap. Interval between each
pulse was 80 um. About a hundred craters were ex-
posed to x-ray at the measurement. (b) Sample for
TEM before sample preparation. Single pulse irradi-
ated. The sample was fabricated using FIB for the
TEM obser-vation.
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Fig.3 XRD patterns of femtosecond laser irradiated silicon
(Upper pattern) and unirradiated silicon (Lower
pattern). Step angle of § : 0.02 deg, exposure time
per a step: 10 s, incident angle : 0.1 deg.
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Fig. 4 XRD patterns and peak fittings of femtosecond laser ir-
radiated silicon (Upper and middle patterns) and unir-
radiated silicon (Lower pattern). Step angle of § :
0.02 deg, exposure time per a step : 5 s, incident an-
gle: 0.1 deg.

Table 1 Assignment of Gaussian fitted diffractions observed in XRD measurements for femtosecond laser irradiated silicon and
comparison between observed d-spacings and actual d-spacings of high-pressure phases of silicon.

Patterns Angle (deg) dovs (A) Phase hkl daet (A) Difference (%)
24.31 2.374 Imma 200 2.374 0.03
24.70 2.338 B-Sn 200 2.334 0.14
@A) 25.53 2.263 Imma 020 2.251 0.54
25.73 2.246 3-Sn 101 2.242 0.17
25.95 2.227 Imma 011 2.220 0.32
26.37 2.192 SH 100 2.204 —0.54
24.26 2.379 SH 001 2.381 —0.06
(B) 25.76 2.243 B-Sn 101 2.242 0.04
25.93 2.229 Imma 011 2.220 0.40




Imma #3%, SHEEZO=HoOEmEMEZHRHT L2 12
B L7z, BT Y — 2 OFERREY, B REEREEOR
S s T — 48 L B L 22K R % Table 1 lRS. M
SN BT S5 6 72 B & S e & o TH e &
DEEIFET1% U T TH-72. Fig.3 & Fig. 4 128\
=20 L —FHEROBMEL SR LNy — %
ALY, XOAGTB L OELFIHOENIZ L 5T
BoENLEH/SY — 2 DFIRDP R > Tz, TOHEEI
EEREDSEIMEZE L TWE20THLEEZOND.
32 ERAETFEMBER
HBEFHEMBEEHEICL > TESNREOWTH G %
Fig.5(a) |Z/R"9. L= 3o A2 AHLTEBY, &
kR, THPHBNETH L. BNOIZIZEET
H BIREOFIRDPBEN R TH LY ) A THLH, )2
YO EEICHAAAET 2 B oEIIE FIB I LA ICHERE S &
ey TAT URERTH L. V) A OEKE 1 um BE
ARG ORI Ch 2 /MEMR RS FAEL TWD Ik
RRERRL7:. WAICHEE | um B L — B X 5%
BEHEERE CH LI ENHL L ko7 BB

(c) Diamond [110]
o [&] ® L]
Aperture
Q [
00D,
¢ ®
N, M
K] ®
220 B-Sn (011)

Fig.5 TEM images of cross section below crater formed by
femtosecond laser irradiation. The sample was fabricat-
ed with the FIB after the femtosecond laser-driven
shock compression.  (a) Bright field image of sample.
(b) Dark field image taken at the diffraction spot of
B-Sn (011) shown in (c). The bright grain shows
B-Sn structure. (c) Theoretical diffraction spot of
B-Sn (011), where the matrix diamond structure trans-
forms satistying the theoretical crystallographic orienta-
tion relationship, on [110] diffraction pattern of dia-
mond structure. The dark field images were taken using
the diffraction spot of B-Sn (011), inserting the aper-
ture. (d) Crystalline grains of f-Sn structure. The syn-
thesized f-Sn structure consists of some crystalline
grains around a few tens nm.
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