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15 T I 4 A7 B 0 — R e s LA X [ WAL T phase transition of Ge from dc phase to 8-Sn phase under
ST B A BRI 3 P static high pressure (The figure shows the crystal plane index
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2 B-Sn AHAARAS 1R B, 5 25 T 40 5230 T WIF TS AR AR - 25, ok SR AH AR 19 8l 77 2 A, DRIt Jr 48300 )
TS0 S5 0 SR R TR A5 PF R A S R I A R R R o ASBIESE R, i TR T A9 XRD Kl AE S 3 25
ISR 1 2%, Gl Xt . A R4 S 56 b XRD 008 v Ak 1S [, B2 UM A8 i AR oA sk i 3 2

fHE .
F1 BSEHT 1075 GPa i Ge RIS K
Table 1 Unit cell parameters of Ge under static compression at 10.75 GPa
Method Medium Phase alA c/A VIA® (Vo VIV,
Present dc phase  5.4692+0.0003 20.450+0.002  (.182+0.001
. Silicone oil
experiment B-Sn 4.9496+0.0008 2.7322+0.0007 16.735+0.005 (10.75 GPa)
Other Methanol-ethanol mixture 0.189+0.007
experiment®  (methanol : ethanol=4 : 1) (10.60 GPa)
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(111), (022) A1 (113) AT HHE S, HEARBLARICAINE I Au B9 (111) 1 (002) & RIS . T3
A Y, B R O BTG £ Ge FE S Y S RLAR AR o AT B B RN B S AT S BRE A SR 1 5 X BR
A 8 I S [BA] A, T J2 2E AT S A R T 1) b (26 35 KT ) SRR, 7 AR G Y SR R R o X A
Ve TE, HRBTE 20 AT AN KR, AT S 5E A I AR 73 A 55 XSk B R 43 A A LR, 1 3(b) J2 5 K 3(a)
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&3 ZhASEHR BHE XRD 1% ((a) Fl (c) 730310 Ge 25 R46TT . S5 I XRD 1%, XN i I B IR AR T,
HABAFAF bR, SRS BEROR B ARG PR R RT fvkE; (b) AT (d) S0 LA ARG 1)
Fig.3 Pink-beam XRD patterns before and after dynamic compression ((a) and (c) are the XRD patterns of Ge polycrystals before
and after compression, respectively. The corresponding crystal planes are marked with dashed arcs and black labels. The bright
diffraction spots come from large-sized crystal grains in the sample. (b) and (d) are the corresponding diffraction integral patterns.)
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Xif o7 AT S PR AR A i 2, T L, FRAY IS BT ST R X RR, [FIAE S X SR A RE IS AT R . 3(c) 2
SRS G 20 GPa I Ge FIAT ST, 78~ B-Sn M. A7 i, B (B 28 2 Au 9 (111) #1(002) fiT 5
W5 S, AL Ge 19 B-Sn AHIY (020). (011). (220) Fl (121) FF5T RS 5o I A7 51 3R (5 5 Ky o i
A RIS, 32 S AN 25 KL AR Ge FF S AHAR B SR AN Ab G . ZERT S8 A1 5 1) AT S AT
SRR, A — 0 TR, HR PR R X SRS R B, AT IR T SOB IR A 5 X R Y e g
S AARXT R o B 3(d) 2 5 B 3(c) X0 AT S IR AR A it £k, BR3 JE BATT S I AN X, 5 X S R e
Gy ARSI o 5 B BIATT S 04 A LRk, SO AT S DA S O B 8 FH B — I X PR DA TR bR B . Ry e, AR E
FEBR T 2R MG & RS 70 T A2 ¥ HiSPoD #E 47 AL/ 159 B AU i Z6 40, 18 P A Voigt W44 &4t
SRP I i A5 B VA (14 W o RN T RS L . G [B] 3(b) AIEL 3(d) Iz, AN Voigt W4 ] T B 2R 5 A Ak ok
FRUGETY

BAINE XRD %W 4(a) FioR, B E MR T de 2 -Sn A 28 1 1] AS [5] & 1 A7 5 0 F0) 43 ) 58
JEEBE R[] A AR . n] LU B, 220 (87 80 v, de A A AT S04 19 35 2 DL B2 B-Sn A & T AT S 068 1) s B
TEAESE IR U, 33X 55 A5 R 46 S50 9 XRD 281K (] 2) S8 AR TR), S T — 2 IARAE 3h J1 2405 B . & 4(a)
Sk A B i B8 B S R M S (0 AR AL R, W 0 R 3 AR S SR B, BN AT IR T SR, WA AT S 1 A R
bR o B 4(b) SR Bl A IR 5 S B R YOG R, AT L AR SE B 1Y R 4R R k=11.2 TPa/s. M
&l 4(a) AT LU 1, B 2 B TR) 3G 00, de AR & W8 67 ) S AT S A A% 2, (111) T S I 7E 2250 500 ps B
e, SRIGHUIE: (022) A (113) fb IRIAT S04 o B-Sn AH B (220) A (121) b RTAT S 06 20+ B, (R phy F A4S
WA R W A7 82 30, LR AT - B0 S A, DRI DG o0 W S A3 S 06 43 JF 5 B S (020) T (011) 5 T A7 S 0
S, A T RVRE A DR DS BB 20 BT o AR 1 A S 068 31 2 R HE B0 B (RIS A7 A — B I 25 5%
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u
20 L - [ L] ....l
1250 120 .
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£ 16}
el 2 o
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£ 750} 805 24l
E £ £
(=¥
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20°) Time/ys

4 ShmBud R Ge 19 XRD 15 LI 7 BEI ] A1k (a) 2h75 XRD RIS S, (b) B0 SERHSC R
Fig. 4 XRD patterns of Ge during dynamic compression and the relationship between pressure and time:
(a) the time-stacked diagram of dynamic XRD patterns; (b) the relationship between pressure and time

23 EISMET Ge WHHE T 12

T KGR L 4 J 3 B O TR O At B0 S FE N, A Bl Ak R B A 43 HE XRD #E4T
&l 5(a) 7R T HT 60 il th 43 FR 4 it £k, IF FHAS W) 20 65 A ORL 48 /s Gt s L IR AR DL S Au 19 (111) Fl
(200) i THI A7 S99 0 %) AR A7 8, LB €8, 5 [ S(b) 24 DB G X g . % R A 3(b) RN 3(d) s i1 7
5, BB BT S 06 A T AR I 23 0 A —, A5 A [) b TR0 A0 S 06 6 R Bl B (i) A A OC 3R, AT S5(b) T o
A 4 FE S AT LAAS#): BE S SR 0, BIVE ] 3 A, do A (11T & T AT 59 045 BE AE 29 200 ps
B BR U 24 60%, SR J5 Fr st — B it 8], 7E 24 400 ps B, ARS8 55, T AE 2 475 ps JFSE & TH 55 de MRS
(022) & T 157 563 VAR 388 18 £ 249 275 s I TR RAE A 08 , 16 2 825 s J& 52 4 255 de MY (113) & I 447 5 06
5 A 24 575 us BEIF AR B 08055, 762 975 us Je S8 Tl R . L] LIS 214538 de AHIY (111) & 1E 777 53
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WG 5 B 5 G T BR UR 55 L BT K, 4 2 (022) db i, fieJE 42 (113) b . 76 B-Sn AH T, (220) A1 (121) & i
R BT AE 2 500 ps I TR 46 3R, (H 258 B85, 800 ps LA o B 1B Wi 1 Kk, (020) 1 (011) i 1 437 5 04 78
24 725 ps I HYIR, SR EE RS, B (220) A1 (121) &40 56 H R, (020) F1(011) ST s R,

(@) (b)

Frame Sn phase (220) & (121 1.0}
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Fig. 5 (a) In-situ pink-beam XRD integral curve of the Ge phase transition from dc phase to f-Sn phase

Intensity (a.u.)
%% E*
N, (S}
Normalized intensity

under dynamic compression; (b) the normalized intensity of the diffraction peaks of Ge
in the dc phase and £-Sn phase during dynamic compression changes with time

M de 3 g-Sn A AHAS L FE op, SRMARBUIR A5 T 29 18%, 25 5 9 BR A N — AR AR, (E2 M FRBE F
B4y #1, de B B-Sn AH AR AR 2 By 2225 7 B 4 B 1Y, L4 Bk 5Lk AH AR R AR, 1T BB e I 5T U b ML T
[100] 1 [010] 77 1] A H A L K s [001] 77 1) A H 4 o AR5 v 4 3 285 D 28 52 36 2504l e o b SR B T e )
B-Sn AHIX — L85 U AH AR R AE, A AH A2 B 1199 2% R HE A AR S I I, 4R T EL AR (9 J5 - (5088 I A8 T
B — D I B T 53 BT R SE IR 90 IE

3 4 it

PR T — B IR AR kU RIA R S AR 4R | PP ] 23 BE45 K412 B 9 dDAC-#3 Ot XRD 4
AR FFTF I T XS RL BRI 3T 7 1 o ShASIRA0 O 5 B ADAC, 455 1 BRI v By 88 W b lin 2875
ko ZISI) 2 Bk XRD 2B B A T APS Bt Rl i XRD $OR, 58 AR | FRAE 5 1 5 25 R =
FA AR L, ST BT TORD I B 4 B XRD 50012 W7 . 3EFIZ38 8, PR T2 $K Ge I sh &%
A0S u, TR0 A 11.2 TPa/s, 452 WT I 8] 73 B K 25 s, T T Ge i de £544) 7] B-Sn 45 H4 1) #1242 B
i A . AIRARE, ARG | R A A T 2R R0 R SUAATE — 0 1 S R DU, Jre B o 3% 28 A A2 1
ik, Ui B2 AR A AN B Al 0 — JOAH L, 455 #F A N 2 XRD SE 8, 2R4F 1 AR A 25K A 4 A 8 e AT
N o ISR HE Bl S TR AR SR, IR T AT ST R 1 dDAC-B1t XRD $AR B A TS AL B 5
REST

KA RGN SRS F I/ APS 32ID-B & sh Tk, ## 5 E4% %3 & L& R (SSRF) 15U1
% sk b7k, Bt SSRF 15U1 & shAt 5 Kok m m 8 A AHE a9 F gy !
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Phase Transition Kinetics of Ge from dc Phase to /-Sn Phase under High Pressure
WANG Bihan, LIN Chuanlong, LIU Xugiang, YANG Wenge
(Center for High Pressure Science and Technology Advanced Research, Shanghai 201203, China)

Abstract: Germanium is a semiconductor with good performances of high carrier mobility and narrow band
gap at ambient conditions. Under high pressure, it undergoes serials of polymorphs similar to the case of
silicon, and the attractive characteristics in its high pressure phases such as metallization and superconducting
transition make it one of the most appealing materials in high pressure research. However, its fundamental
phase transition kinetics has been rarely studied. In this work, we present our experimental observations on
the phase transition of germanium via a novel designed rapid compression tool and ultrafast time-resolved X-
ray diffraction (XRD) acquisition system. The compression rate reaches to tens of TPa/s which is realized by
combining gas membrane and piezoceramics compression methods in a symmetrical dynamic diamond anvil
cell (dDAC). The time-resolved XRD with high resolution in microseconds is achieved by integrating the
high flux pink beam diffraction, an X-ray scintillator to convert diffracted X-rays to visible lights and a high-
speed optical camera. It is found that there is a time sequence for diffraction planes disappearing and
appearing of dc and 3-Sn phases, showing a displacive feature for this phase transition. In addition, the XRD
evolution under static compression is also given for comparing with the dynamic compression, the results
demonstrate our novel designed rapid compression and ultrafast time-resolved XRD setup shows a great
potential for studying the high pressure phase transition kinetics.

Keywords: high pressure; phase transition kinetics; displacive phase transition; rapid compression; time-

resolved X-ray diffraction
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