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Fig. 1. Beam path layout of BL15U1l. Where IVU25 is vacuum undulator with 25 mm period length; S1 is white beam slits; FM is
toroidal focusing mirror; DCM is double crystal monochromator; S2 is horizontal secondary beam slits; KB is Kirkpatrick-Baez mir-

ror; Sample is sample point.
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WA, FRid 108U, R 2 A SUBHE RS, FRid 6 S 413

Fig. 2. Single or double membrane controlled dDAC experimental device: (a) Schematic diagram of dual membrane controlled

dDAC, mark 1 is gas membrane, mark 2 is gas membrane connecting pipe, mark 3 is large gasket, mark 4 is ejector pin, mark 5 is

sample chamber, mark 6 is the assembly can; (b) the photo of single gas membrane control dDAC, the left is the gas membrane,

and on the right is the photo of single gas membrane control dDAC, mark 1 is gas membrane, mark 2 is gas membrane connecting

pipe, mark 6 is the assembly can.
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Ji, ARAE 6 b 2 B (b) BUE L P s 1l ADAC [
FRig 2 O [ 30 i B HE R, AR 7 N EE AR (c) AR
H B 5 ) ADAC SE W IR (d) XU HB % 4% ) dDAC 52
Y&l

Fig. 3. Single and double piezoelectric ceramic control
dDAC experimental device: (a) Schematic diagram of single
cylinder piezoelectric ceramic control dDAC, mark 1 is sol-
id cylindrical piezoelectric ceramics, mark 3 is piezoelectric
ceramic top wire, mark 4 is ejector pin, mark 5 is sample
chamber, mark 6 is the assembly can; (b) Schematic dia-
gram of double barrel piezoelectric ceramic control dDAC,
mark 2 is ring piezoelectric ceramic stack; mark 7 is perfo-
bond ribs; (¢) the photo of single cylinder piezoelectric
ceramic control dDAC; (d) the photo of double barrel piezo-
electric ceramic control dDAC.
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P4 B R R R R P ADAC SRR (a) B
AR R B L P R R A 45 ) ADAC S B % E S0 A
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FRIC 2 RS R, AT 6 N ZH I

Fig. 4. Experimental device for joint control of gas mem-
brane and piezoelectric ceramics for dDAC: (a) The photo
of the dDAC experimental device for combined control of
single gas membrane and single tube piezoelectric ceramics;
(b) the photo of the dDAC experimental device for com-
bined control of single gas membrane and double piezoelec-
tric ceramics. Mark 2is gas membrane connecting pipe,
mark 6 is the assembly can.
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Fig. 5. Schematic layout of millisecond time-resolved syn-
chrotron radiation X-ray diffraction and dynamic compres-

sion device setup.
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Fig. 6. XRD of Re under dynamic compression: (a) XRD time stacking diagram of Re; (b) the relationship between pressure

changes over time.
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Fig. 7. XRD of Re under dynamic compression: (a) XRD time stacking diagram of Re; (b) stacked graph of Re XRD integral curve;

(c) the relationship between pressure changes over time.
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Fig. 8. The relationship between pressure changes over
time.
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Fig. 9. The phase change path of the metal Ge (-Sn phase

during the pressure relief process under high pressure.
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Millisecond time-resolved synchrotron radiation X-ray
diffraction and high-pressure rapid compression
device and its application”
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Abstract

Non-equilibrium transition dynamics under high pressure depends on temperature, pressure and
(de)compression rate. The studies require combination of time-resolved probe and rapid compression device on
different time scales. Here we report the time-resolved X-ray diffraction (XRD) and dynamic diamond anvil cell
(dDAC) system, which were recently developed at the BL15U1 beamline of Shanghai Synchrotron Radiation
Facility (SSRF). There are two rapid loading methods for dDAC. One uses membrane control and the other is
piezoelectric actuator driven dDAC. Both methods can dynamically compress the DAC sample chamber up to
300 GPa on millisecond scale (20 pm culet is used), and the time-resolved XRD data are obtained correspondingly.
A new type of piezoelectric ceramic dDAC is designed with single-side drive or double-side drive, which allows
us to realize extremely high pressure (above 300 GPa) with a fast compression rate of 13 TPa/s. During the
rapid compression process, the X-ray diffraction spectra are collected continuously and simultaneously.
The XRD detector is Pilatus 3X 900K, which has 2-ms resolution with 500 kHz frame rate. The millisecond
time-resolved XRD and high pressure rapid compression system developed at BL15U1 of SSRF enrich the high-
pressure experimental methods and enable the beamline to carry out ultra-high pressure experiments, non-

equilibrium phase transition and relevant scientific researches.

Keywords: high pressure, dynamic diamond anvil cell, time-resolved XRD, structural phase transition
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