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Figure 1 Schematic illustrations of (a) a perovskite structure (ABO,),
and (b) the alignment of A- and B-site cations at the {001}
LaAlO,/SrTiO, heterointerface. On the left of (b), two ways
of defining the heterointerfaces are shown by M and N. On
the right of (b), centrosymmetric unit cells are indicated by
brackets, showing the existence of 1 uc of LaO_SSrOjTiO3 at the
heterointerface.
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Figure 2 Schematic illustrations of two Schottky junction band
diagrams with (a) positive and (b) negative ionic charge layer
insertion. In (a), the interface dipole between the positive ionic
charge and the induced negative screening charge decrease
the SBH, and vice versa in (b). In both cases the relationship
of SBH = W — y + 4 is applied. E, E,,, and E, denote the
conduction band edges in Nb:SrTiO,, the vacuum level, and
the Fermi level of the system, respectively.
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Figure 3 Schematic illustrations of cation alignments at SrRuO,/
Nb:SrTiO, heterointerfaces with (a) (LaO)" and (b) (AlO,)
layer insertion. Charge density was also plotted for each
heterointerface as a function of the positions in the out-of-
plane direction.

Charge




HHET % 2 EWAEETH B, SrRuO; DRI /AT > T,
TiO, &% Nb:SrTiO, HAk [T LaTio, 3 % W i SrAlO, % 0
~2 RFERERE T A 2 & T, FLmiC (LaO)” (Fig. 3a) X7t
1% (AIO,) (Fig. 3b) DA A VEMEZ ALz, (LaO)
J@DgE, @EANCEOBEEMDFLE N, BREN
M A A R—)ViE SBH 2D 2 LEZ 5N S (Fig
2a), (A0, EDGE, ®JENCIFIEDERER D FHR X
N, BRI NZREZ A RK—)Vid SBH Z#EINE ¥ 5 &
WFHIE NS (Fig. 2b), SBH OMIE, BifEENE @),
Fy N REHRE (C-V), WNERDEETIEE (PR,
TR X KRR 7081 (SX-PES) D 4 FEFEDO FEIC & o TV,
BOENTAERD SHE X A R—IL DR E ZZFHE Lz,

Fig. 4a 13 FV DR T Ty R TH D, 1 D%RL
ETOEEOIENA T AT, BIRAELITH U TR
BEEIC NS 2 BRI X 4 A — REHE 11 DS 5 N1
Teo AT 0w FOEREHOMEE N SHE LN S M
fLE£E 1 ~12 TH B, i AJE DA SrRuOy/Nb:SITiO;
BE GEollii) iIcxL, (La0)' ERE O A& % BN
TEBIHS T, VBRI EBEMNABI L, Th
¥, SBH DIV ZERLTWVB, — /7 (AlO,) EBijfEx A
L7z, MR EEERARE L, SBH OB EH
INTz, C-VEEICIBWTE 1/C BHIINEE Vi LT
ML T 2 HMN R 3y FF— - Ty MFEDEDS
N (Fig. 4b), EEYIR D5 RHAE 5N 2AEEN (~ SBH
- 0.07 eV, BEXHL[12,13] D BE NS EEEE HV

(a)

-9 (La0) 1 uc
10" 4 (La0) 0.6 uc
L4 (La0) 0.3 uc
| - No insertion

[T1(A)
)

10 :+ (AIO,) 0.5 uc
10 | (A0, 2ue
10
-1.0 0.0 i.0
V(V)
(b) 60
= (AIO,)
— 4 0uc ¢0.5uc
Lol @ 1uc #2uc
E
S 30t
)
= 20f
(La0)"
101 4 0.15uc #0.3uc™.:.
#0.45uc €0.6uc 3
0 M M N\ PRy L
-2 -1 0 1 2

V(Vv)

Figure 4 (a) Log|/|-V plots and (b) 1/C*-V plots for SrRuO,/Nb:SrTiO,
Schottky junctions with (LaO)" and (AlO,)" insertion. The
amount of inserted charge was varied in the range 0 ~ 1 uc for
(LaO)" and 0 ~ 2 uc for (AlO,)".
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to SBH = 1.23 eV at no insertion, which was estimated from
the C-V measurements.
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1. FL&IC

VIETERO AT X (B) XHIEHE T ZEm kG~
FOLEBYETH 5. TOWEIXITEINT K DL kGG
MO 2 C L, ZHUCPOSBHICER S 2 T & h
HSNTVS (1], FHCEHR TOEIFEHER IR <A
SNTEHEL, ZNZTNT — 10 HRHHH) #5881 2.55 GPa (K
25 L), T—11 CRA S -7 A MEEZET 2 R 8BE
D #EEEHY 2.70 GPa, IL — V (bee #H) #58M0% 7.68 GPa T
%, TNSHIBHEIESHEE 2V DR JBIEICHE
WKHWBNTWS, 210, 1, VIHIZESEHTHD, K
RICBOTHBEERRT T EEREINTVD, —15, VI
HItEDT VIV (Te) EHEIRFIE T =Rz RO
BBTH B, TOYELMTIC XD B REHIERZ
L, @itz ePmencns,
INSDIEEWTH BT IVIVELE AR A (Bi,Tey) &7
o)V SHEQIRTICIR O v TR DNER TH B, R
COMEIZ, FOEFREEICEKR L TRERE—Y 7%
B s Uishy 5 s W BAUIEEE 2R, ZD/bE
NTENEZHEREZ R I & LT, EREARYEmsere
JTHRLSFERMELE LTEHZ DML BT Abh T
% 2o iz, BAEMREN EAOMFEEH O, EHTFOY
PERFFE S 1960 FEM S ¥ OB b TER, TDOX
ST, EHFERBLEE L HS5N 2B IOMDH
60-100 kbar (] 6-10 J75UHE) THBMIE N, T DO
BT ZHE BV X 71 kbar TD 4.3 K E#if5 &
Nz 3], LML, TOWETREHEZEDT L DODRMT
HH bl RENEho Tz, ZOREKE LT, HED
T LI FEROEKEEN AR+ T - o nl et E
Zb6N%, ZDW%, BLE T OYEDGEEYMENZEICE
TEHMERFIEA LT oT, RO L T A, BAEMEEEN
FONVENSIZEI FTOF vy TOWMNES B—
T RBOK TR TOE I FEROWEES A 5, Bi,Te; D
FIEYEFZEIEFNE ETEHEINTICEDOX XRE I N
DTH5,

—15, EHTFORGEICDOWTIZESEA 5 M ? BiTe, &
WIREECEmAMEZ & OMN, ENTOMEICOWVT
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1% 1960 FEARIC FIRHIK D 65-70 kbar LA T Bi,Te, D2 i
G2 R OUERZEM RS T e MG I Nz 4, D
%, 2007 FEITIFENBERICA R /=)L x /) —)VDIRE
B2 O T X AR RN B 2 BN, BiTe, B
7-10 GPa CZERIEE 1222 OFRL T SR T 5 2 & H
WESNZ[5le TNDDOWMETIEEEMENDIERITEIZH
BEZE-HT2L00, ERINIHEMEEEZ> TV
%o LS N OIS REEZHSMMCT 2 72 DICIIRGE
DENT—=2EBZRENDZH, WENHBTOEI DR
H—tE =20 7a— Ry 7 %51 & LTHhE
T2 NS X8 5, ZDIOEOKTIED @R TICE
W, EBRERO X MRREIEEIC LTS Lo
BRI 2RO v 7 m b a Ve X R FO 7z BT 25
BB TIRS TEPREANREITS> TV,

EHICTLESE, BiTe, ZIZ LH LT EEVARARESD
&, 7NV OB FREERT vy ST BRI IENED
Ty IILF vy T L ARBEIREZFFD 3 ot b Ru T A
ViR U CIEHZHED TVS [6,7], TOH LWVLHE
BROHEITHES T BiyTe, DS FOFE LB IE A T
BIhbnd K51k, HIEMHOFEFEZZT 3 GPa
LUE TS 2B L Tz & OHE DR ENTZ [8,9]0 Bi,Te,
EHTEAD S RO Y IViigIR e S Twa iz, TOM
DIFFEREIC 1) 258 bR o Y VB EEO [ Hert:
MH B L BIENSET =N TV B, TOX D HREND Bi,Te,
DIEST FOMR SRS ZE2 C ENEEE K> T
%o UL UM 5 )] FOMMERE S X CRERHIZRICD
WTIEARZIHALMIE>THEST, BiTe; DT N O
YDV TREED X WTF—XZ25T, B Lk Iwn
HiaHbNTET,

A TNE TIT BiyTey, D)) T TORGE &Yk ZIA S
MCT B, EHEARDZVEERVETRL, &
IKFEMED K WEN FTHERE BT 7> TE[10-12], A
i Tl& BiyTey D i F AR X BRI 95k 2 36
Bzl bee iEZFO L BN EEMHZ BN LD T,
CNZERET % [12].




2. BETOMEHE X HREREER

ARRETIEHR L U TR LA 3 D 248 5
Bi,Te, (Wi 99.99%) &Mz, HEGEMAREZE3 7=
DT, EHERAZEETHRLEDND, 7V o
FLEAZ I T 10 RERIAR EEBRAS M U 72 MIESEEICIE 50
mm AROR A YT R7 VL (DAC) ZHWV,
DAC 3% 7 > ENVRIDNEEEDT £ DT, Mi=EL
BBNZFFTEH ATy MR Ay RRIOT7 e T
A, LIS EENNRET S, HAT Y MOEE
HEIEORALH D, RSB ERDIHVENS, A
W2 TIREE 150 um DL = LWERZEH AT v LT
WV, REIM T TER 160 um OREH I TiEl=EE L
120 TORBIEITIEM AR & EIER DIV E—7Z AN
VI - MEIZERRE O 77 AT E 2 VT, Bk D
VAN T LR FE A UTEA Uz [13], sdBE A
FEE LB 3V e —#D 2 FIV T, Mao 5T K 5
IKIEZEME FOIE I A —ic & bR 7z [14],

R X HR A 3T 921 Photon Factory @ BL-18C I 51
THAEEHGEIC K D 2R 30 GPa F TOMILEE & H T
ETOWTBETHE A>T, AR XFRIE/ 70 A—
2T 256 keV (L =~0.4846 A) ICH@ILL, EE40 pm D

OV A—X&7% 38 LT DAC HOFARHTHES Uz, #26mER
I 120-540 77f & U, X AREHTEIE 200 mm x 250 mm D
A=YV T TL— TR LTz,

3. XBEIRNZ—VDOENZELLESEIVHDOY — X
IV 2R

AWFFE TSI Z 5 B RTS8 2—2 2185 7
»Ic, JEAEEE UTHKEREDBWAY T Lz vz
e X RREIT R A BT h> TE R, TOE, Bi,Te,
& 8 GPa, 14 GPa CHUGHHIAE 2R3 EMHL M E R
b, BNk EzENTNL, WHELEZ[10, F
e b OB EITHE DD - T Z HRAEE PR
J7 S T T & o 72, Fig 1 ICAIZETHES
NERETO X BET/SZ—VOFENZEERT, EH
0.6 GPa TIF L NIRRT DO E— VIS TEE a = 4.366(0) A,
¢ =30.11(0) A DFEAHD R-3m HiiE THREUNT I TE Tz, &
LI, MHOE—=JiEchETICHME LS ICENE
N8, 14 GPa Ll L THEIMEX BT NIz, FEJ) 14.5 GPa
Db, mMeidEiasaEEfns oS z8L,
COFIZ IVIHE Ulee @ETL, T, TV HDES W
1323 GPa £ THi <o I, NMAHD Y —75fE i L
W®EM%ﬁ%Ca&<,%thﬁﬂ%&%m%%o
IV BN N T3 %, &L IV Hd 30 GPa £ T
BRICHEET %, JES130 GPa D SIRIET B &, Efi/ SR
—VFESNCH LT AT Y Y AR L CTAIWMICR %,
L MAHBXCHEEHOE— 713 ZNZ 10 GPa B
KU 2GPa hSHUHEN, 1 &KTFICEMT S & Fig. 1 1R
T X SIC R3m HEE DR THNCH S,

A IV AHO E— 2713 Fig. 1 D 29.8 GPa D/3% — VIR
T &SI bee EE TN TZ, ZNLUIDKGHI Fig.
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Figure 1

X-ray diffraction patterns of Bi,Te, under pressure up to 29.8 GPa at
room temperature. Lozenges indicate reflections of phase IV. Closed and
open triangles indicate reflections from phases II and III, respectively.
Top pattern was observed at ambient pressure after releasing pressure.
Letter G denotes reflection from gasket.
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©
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Figure 2

Result of Rietveld analysis of Bi,Te, at 25.2 GPa. The lattice parameter
is a = 3.583(0) A, the R factors are pr =2.73%, S = 0.830. Dots and
solid line represent the observed and calculated intensities, respectively.
Ticks below the profile mark the positions of the reflections from the
bec lattice. Solid line at the bottom shows the residual error. The inset
shows the diffraction image of Bi,Te, recorded on the imaging plate. The
spot in the image come from Kossel lines of diamond anvil, which were
removed by image processing.

2 DFAROEITY > ISR T K5 IKHERE Niah o 7,
O EMSHEIVHE, CARAETIVVE IO
{22 &It BiTe=2:3) ZRBEEMNS, bec A Mo
VA LCERE T N Z R DEARZIER L TV EE R
5NB, F T TR DORELD Iz DI 22 MR
Im-3m @ bee TV A M EEAR AL TIVIVHTBZENTE
Nn40% & 60% T HAT 2MEZIEL, TOMEET IV
EHOTEEIVHDOY — ")V Ml e BT ik o>z, iR
Hricid ) — b )L MMigh 71 275 L RIETAN-2000[15] %
MWz, Fig. 2 IR &1, IRELIEMEETILERN
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Figure 3

Schema of pressure change of crystal structure in Bi,Te, at room
temperature. Phase I, II, III and IV show the trigonal (R- 3m) monocllmc
(C2/m)[16], monoclinic (C2/c)[16] and bee (Im-3m)[12,16] structures,
respectively.

TSR ET S 2= e X —BLizTc e s, A
I3 Bi,Tey D & IV FHDY bee #5372 £5 D Bi-Te D IR D
EsAE UCEIHTE % & LTz,

@ E L, T AE O REE IS ARWFFE TIEIRE L TORVD,
A EIZIFFREEAIC €. Zhu 512 & D Bi,Te, D EAH DR
WA B T b, 1L, 1, IV AHOR SRS & N
kﬂﬂo%ﬂt$58mIHW@%%%@%&%&C%%
C2/c DHRHBRGE ZFE B, HAMNG2 1, 1 HDEH R
R2—2EINOORGETRTTE S T & 2R LTz, X 7z,
IV HIZ DWW T AWIZE LA U < bee MEEDEVAATH %
EHEERAT T3, Fig. 3 1T Bi,Te, DS ERGE D FE 125 (L
DRI 72779

4. BE VIS ZRFEROENKFEENH— FAI
WAL F AR A — KA VTR IV A O Bi-Te RIETAK
DOEMEFTHE LTz NA— WA & T2 RIRER & A E
L, —EDREICHBNTE FER L MERBUTERE & ORIC
FRIEBARDEK 0 32D &0 D B R DR 2 L5 1EAITH
%, Bi,Te; DRIOTHETH S HALE AT A L TILILE Tz,
FHEJIT T bee HiE 2B T % [17,18], Ko T, KA
WEAA—RANCATD, 25 DHAATCHED bee WHED F1
AR DT e A EERLE (BiiTe = 2:3) DRETAADFE Tk
T Viegna ZE U, EEANCIE SN2 IV HO B AR Ve,
E IR U7z, Fig. 4(a) I BiyTe; D Vi & Vgt bec HEIED
EAX R ETIVVDRFARIED EHKIF 2R T o Vi D
EEMIE LI R TOIENT Vi K D KENT VDI S
Jzo —H T, Bi,Te, & UL JES) FT bee HEZ LT %
VAR A -7 VFEVEEBI,LSh, (x=0.15 2DV TE
[RIEIC 14T U 7z [19-21], Bi,.Sb, (&% CHAIN AT ek
DRRETAAETH D, Fig 4b) ITRT XSICTDRTIEE
JE R D bee HEEIC BN T & BT ARENNT — RANCHES o
WEORERDEZICDNT, AT FTXA— FHID
BKAT T % DA ME TCRE R ORS A ISR L TV S ATRE
W2 EEZT, BETE VELERTLOBARATH S
Bi,Sb, X HEESEFFOMN, VIRE VIFTEDIEEY T
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Figure 4

Pressure dependences of the atomic volumes for high-pressure bee-phase
of (a) Bi,Te,, Bi and Te, (b) Bi Sb ., Bi and Sb. Closed circles indicate
experlmentally obtained atomic-volumes V. Open circles indicate
atomic-volumes V. estimated from Vegard’s law. Dotted lines are
from Ref. 17, 20 for Bi. Dashed lines are from Ref. 18 for Te and Ref. 21

for Sb, respectively.

» % Bi,Te, |13 Bi-Te f5 B A MICIFAES B4 A VR FIC K o

THEHFEOHGHEG XM ENIA A4y - HEHEEEHED
EENTWVD [2021], Bi,Te; DEE IV AHDF AR DN

A — FRIN S OERIE, R TOHEIEB T DA >
- HEREESDRINCE > T3 T e ZRET %,

F 7z IV HO BT AR & S m ARSI DV T C.
Zhu 5 DMEEHETROLSICEEZBNS, C. Zhu 5
WEEE L, T AH O A SRS (35 TEAH OREE D E IS X D
EBARKETHS EWMELTED, 11, HIHNOHEREIIHE
AN TR R E Lis, —5, IV HADEGEEIC
KD bee EEDFY A MIFETFHT VA LICREE NS D
THNE, BT > T3 T ENTHEESN, D

FIFRELTEICDOHEFEMHICR S LidEZIC{WV, L
LSRRI TV HHD BIRIE S % & HUTTOHF O REIC
RAHT NS, IVHICBWTETD bee YA MTHERIC
FURLNIREEINTWVS EIZEZICL L, TOMENS
& RFTINCIZIROVESE S D> TWD T EAVRBE NS,
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Figure 5 Temperature dependence of the electrical resistivity at the
pressures from 9 to 13 GPa and the temperature from 2 to
8 K of Bi,Te,. The inset shows pressure dependence of the
superconducting transition temperature. Closed and open
circles indicate the onset temperature of superconducting
transition 7, and the zero-resistivity critical-temperature
T 7, respectively

5. FIVIMEERR ZADEHFRHRIGE

AWIZEE TlE 10 GPa FD T N OPpMERIE D AT RE /R L
BRITY w7 VRV 22l ZEH L, ESIRO
BLIEPHIEL B E>TWVW5B, WEHTY Yy IRV T v
ELViE T 7 a )b EIADIE 1A Z VT WA Tz
BT, N EWEKIEEE T ZENT 2 &N TE
%, A ZORIVERNT, /KL R TO Bi,Te, DI
A REDFEMER X 0 SETOBEEDOHERZ HIN
& LT 13 GPa X TOMRGILE FEXEIMEZIB %>
T &7 [11], Fig. 51Z Bi,Te, D 9-13 GPa I 331} % itA =i
BRI O BSXHRGTROMEMRFE, BRUFHAKICIE
Bi,Te; DBIZEHREIRE O IE IMKGFE 2R, L DWIE
TRFEEHTORBEEZBENENTE ST, 8 GPalcil)
RS %O G EHIC BV CBIRERE DI N
%o FHAROD 7.7 & T2 13 F NZ BRSO BIIA
RE L PPN OFERETH S, MIEHIEEED 9.0,
10 GPa CIXHERIEIE AT =T - T/ ~ 02 K &/NE L, 11
HEMOBILEILBETHZ T L ERB LT WS, T/ 0
flilx 12 GPa £ T L THD, I HOBIEEERIRED
BDOENKREE RO b B, Fiz, =TI L
13 GPa TO T, & T, DRAME LAIE, THEIEHRZS
BB DR LTV 5, IR, &FE LMD 14
GPa{iEMBBING T L 2EET 2 L, #HiLWBEEMHIE
FEMAICERET 2 EEZ BN, SHBESICEWTEN
M TERBRZ BB, B IV HOBEEREIC DN T
EHLMCT B TETDH S,

6. BbhbVWlIc
Bi,Te, D& EHHOM LG ZIH S MMC T 2701, =il
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T 30 GPa DT ST & THUERYE X MRIET R Z B T 75> Tz,
ZOER, Bi,Te, TIX 8, 14, 145 GPa TEET, III, TV
HIAEHN, D3 DD 23 GPa F TIRAIREE TS %,
#7725 GPa Ll b D17 Tld & IV DO BAHMWE 5
ZEMIBE Im-3m D bee WG ZFOT L WA Uz, &IE 1V
HOEHT /82— bee YA MTE AT A L TI)VIVHELE
ENTz Bi-Te ZICRDERAE UTHHANTE 50, AW
7% T ORE DL ST TIEETARORM TH 2/ — FH|
MK DAL T275 0 & BITEE IV lHANOHEEREZIC 1 5T
ETWET S L, HUR3INEDHTEHANKS, TDi
SEE IV G ER AT EBARORE Z /DN, R
WIEFRNA A > - ERE DR > TBORENFEEL TV
BHAREMEDVRBE NS,

E 12

A B 9% 1% PF 3 BE & 5 D 2007G664, 2009G656 D &
BT hbnl, EEEOMICEIE (No. 20045003,
20046006) DKEZIFT2EDTH S,
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Nanosecond time-resolved X-ray diffraction of laser-shocked 3Y-TZP ceramics
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1. Introduction

The progress of time-resolved X-ray diffraction (TRXD)
techniques has strongly impacted the investigation on structural
dynamics, especially in the field of shock-wave physics [1]. By
using TRXD techniques, in situ study of dynamic behaviors
of materials under shock compression has been extended to
microscopic scale from traditionally macroscopic one, providing
significant information of transformation mechanism [2, 3].
Recently, Ichiyanagi et al. [4] employed a single-shot time-
resolved Laue technique to study phase transitions of single-
crystal CdS under laser shock, and observed the overshoot of the
wurtzite structure which is different from Gupta et al.’s results
[5, 6]. In gas gun shock experiments Gupta et al. observed not
only a transition to rocksalt structure but also an intermediate
phase of a faced centered tetragonal structure at lower shock
pressure using time-resolved absorption spectroscopy. This
disagreement is explained by different time scales of shock
compression. In laser-shock experiments the shock duration (~10
ns) in single crystal CdS is not sufficient for transformation,
comparing to the order of pus in gas gun experiments. In this
sense, the structural dynamics of laser-shocked materials has its
particularity. The TRXD observation will improve remarkably
our understanding on dynamics response of materials under laser
shock.

In this report, we use single-shot nanosecond time-resolved
X-ray power diffraction technique to study structural dynamics
of laser-shocked Y,0; (3 mol%) stabilized tetragonal zirconia
polycrystalline (3Y-TZP) ceramics. 3Y-TZP ceramics, consisting
of almost 100 % tetragonal phase, has been extensively studied
due to its excellent mechanical properties, such as strength and

toughness [7].

2. Experimental details

The experiment was performed using the beamline NW14A
at the Photon Factory Advanced Ring, KEK [8, 9]. A single-
shot laser pump-X-ray probe scheme was applied to capture
the structural change of laser-shocked 3Y-TZP ceramics as a

function of the pump-probe delay At, schematically shown in
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Fig. 1(a). An undulator with the period length of 20 mm (U20)
was used to provide a smooth spectrum of the energy distribution
in the range of 13-18 KeV and the energy bandwidth of 15 %.
The X-ray pulse from U20 has the pulse duration of about 100 ps
and the repetition rate of 794 KHz. By inserting some X-ray
optical components, such as the double-crystal monochromator,
focusing mirror, curt-off mirror and depth-graded Ru/C
multilayer optics, the peak energy, bandwidth and flux of the
X-ray probe pulse were set to 15.6 KeV, 4.4 % and around
3x10° photons/pulse in this work, respectively[9]. The laser
pulse from a Q-switched Nd: YAG laser (Continuum, Powerlite
8000) was used for shock compression, with the repetition rate,
wavelength, pulse width, and pulse energy of 10 Hz, 1064 nm,
10 ns, and 700 mJ, respectively. To synchronize with the low-
repetition rate laser, the X-ray pulse was selected by an X-ray
chopper, in such way the repetition rate of X-ray pulse was
reduced to 945 Hz. A millisecond shutter was further inserted
into the X-ray optical path to realize finally the synchronization
of laser and X-ray pulses. The reached time jitter is less than 2ns
[8]. The delay between two pulses was controlled by changing
the mission timing of the laser pulse with a delay generator
(DG535, Stanford Research System, Inc.), counter (1/6) and an
analog phase shifter. More detailed information can be found
in Ref. [8]. The target assembly, as shown in Fig. 1(b), was
composed of three layers: the backup plastic film (25 um), the Al

Plastic film

Laser pump

3Y-TZP ceramics Al ablator

Figure 1 (a) Schematic of the laser pump-X-ray probe scheme to
measure time-resolved X-ray polycrystalline diffraction of
laser-shocked sample. (b) Target assembly used to confine
laser-generated plasma and produce pressure pulse in the
sample.
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ablation film (1 pm) and the 3Y-TZP plate (50 um, Tosoh Co.).
Such geometry confined laser-generated plasma at the interface
of Al and plastic films, driving the pressure pulse through the
Al film into the sample. The X-ray probe was normally incident
upon the target assembly, focusing on a spot of 0.49x0.24 mm’,
and the laser pump was slightly deviated from the probe in angle
with a focal spot of 0.4x0.4 mm’. Debye-Scherrer diffraction
patterns were recorded on an integrating charge-coupled device
detector (MarCCD165, MarUSA) of diameter 165 mm with the
pixel size of 79x79 pm’, which provides a 20-angle resolution of
~0.047 degree in this experiment. Due to shock-induced damage
in the target assembly, we have to use a fresh sample for each

delay, so-called single-shot technique.

3. Results and discussion

Two Debye-Scherrer diffraction patterns, one without and
the other with laser pumping, were recorded for each delay. The
former pattern acts as the reference of the latter one. Take the
case of At=15 ns as an example, and two recorded ring patterns
are shown in Fig. 2(a) and 2(b), respectively. We can see clearly
that these two patterns are spherically symmetric, indicating
that each grain is compressed along random directions. The
subtracted pattern, shown in Fig. 2(c), further confirmed this
conclusion. Therefore, the diffraction intensity profiles as a
function of 20 were obtained by azimuthally averaging the
Debye-Scherrer patterns using Fit2D [10], and normalized by the
total diffraction intensity, shown in Fig. 2(d) and 2(e). Fig. 2(d)
indicates that the pristine sample has a tetragonal structure. It is
ready to see in Fig. 2(e) that some new diffraction peaks appear,
which are consistent with the monoclinic phase. The subtracted
intensity profile, shown in Fig. 2(f), gives more obvious results.

Taking laser irradiation conditions into account, we roughly
estimated the shock pressure of 5 GPa in 3Y-TZP by using an

analytical model of laser-induced plasma in confined geometry

[11, 12]. Consequently, the estimated shock wave velocity was
lower than 7 km/s [13, 14]. On the other hand, the plasma-
confined geometry increased the pressure pulse duration, being
longer than the laser pulsewidth. Therefore, the shocked state
of 3Y-TZP can maintain much longer than 7 ns, and then is
released due to the shock wave reflection at the rear free surface.
After multiple-round travelling of waves in sample, finally the
mechanical equilibrium is reached. Based on above estimation,
we expect that 3Y-TZP was partially at the compressed state
at At=15 ns. During shock compression small portion of the
tetragonal phase was transformed into the monoclinic phase.

A series of experiments at different delay time ranging from
5 ns to 1005 ns systematically demonstrated the time evolution
of the subtracted intensity profile, selectively shown in Fig.
3. At At < 25 ns, new diffraction peaks corresponding to the
monoclinic phase exist, the intensities of which first increase and
then decrease, indicating the dynamic process of compressing
and releasing. In this time range the sample is at least partially
compressed, in which the tetragonal and monoclinic phases
coexist. We roughly estimated the average fraction of the
monoclinic phase of ~7%, which includes contributions from
both the shocked and unshocked sample layer. After that, we
observed that the diffraction peak (011) of the tetragonal phase
gradually shifts to low angle, implying the volume expansion
induced by releasing. All facts indicate that the laser-shocked
3Y-TZP ceramics underwent a fast reversible tetragonal-
monoclinic transformation, although the shock pressure is
much lower than the reported phase transition pressure (12-
16 GPa) and the Hugoniot elastic limit (> 30 GPa) [13-19].
The time scale for this transition is nanosecond or less, which
is an important characteristic of martensitic transformation [7].
The crystal structure is reformed by shear stress accompanied
by compression, such that the transformation is fast and

diffusionless. We briefly drew the structural dynamics in Fig. 4.
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Figure 2 Debye-Scherrer diffraction patterns from the pristine sample (a) and the shocked one (b), and their subtracted pattern (c) in the case of At=15
ns. (d) and (e) respectively show the integrated intensity profiles from the pattern (a) and (b), normalized by the total intensity. (f) is the
subtracted intensity profile. Two series of bars in (d)-(f) respectively show the calculated diffraction peaks of the monoclinic and tetragonal

phases.
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Figure 3 Selected normalized intensity change as a function of the
delay time At, demonstrating the time evolution of structural
dynamics of the laser-shocked 3Y-TZP.
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Figure 4 Structural dynamics of 3Y-TZP ceramics under shock
compression along two different views.

To clearly show the structure change, the crystal structures are

displayed in two different views.

4. Summary

In summary, we demonstrated the ability of single-shot time-
resolved X-ray power diffraction technique to study structural
dynamics of laser-shocked polycrystalline materials. A reversible
martensitic transformation has been observed in the laser-
shocked 3Y-TZP ceramics. This work gives new insights into
the phase transition dynamics of 3Y-TZP ceramics, such as
transformation conditions and pathway. Application of TRXD
techniques to study shock-induced phase transitions in more

complex materials is now underway.
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Figure 1 Cls NEXAFS of PTFE (50 A) on scratched Cu plate (a)
parallel condition (b) perpendicular condition.
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Figure 2 Simulation of C 1s NEXAFs of PTFE molecule (a) PTFE molecule lies with parallel
condition (b) PTFE molecule lies with perpendicular condition (¢) PTFE molecule

stands up.
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Figure 1 (a) Tasker’s classification of ionic crystal surfaces. (b)
Electrostatic potential inside the crystals having the type-
3 surfaces. A dashed line with the positive slope is the
averaged electrostatic-potential variation. The slope gives the

electrostatic energy. If the electrostatic energy of — 4mg_ is
introduced, the crystals are stabilized.
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Figure 2 Structural models of triangular structures formed on the Zn-
terminated ZnO(0001) surface [7]. The Zn/O ratios are 3/4 for
both structures. A TTF molecule is also depicted to compare
the size of the molecule with the surface lattice constant.
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Figure 3 (a) S 2p core-level spectra of TTF-saturated ZnO surfaces. (b)
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Figure 1 Molecular structure of TNAP. N, C, and H atoms are
indicated by blue, green, and yellow.
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