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Examples of Ultrafast X-ray Diffraction Experimens:
Synchrotron vs. Laser-Plasma Sources

 Some details of the setup: BESSYII + Plasma = VSR
« Ultrafast heat transport on nm length scale
* Inhomogeneous lattice dynamics in ferroelectric

* Pb(Zr,Ti)O,
« BiFeO,
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UXRD using Plasma Source
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UXRD at Synchrotrons
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HZB..... Oxide Nanolayers

ﬁ Perovskite structure Ferromagnetic metals:

SRO:  SrRuOq,
T. = 160 K (bulk)
LSMO: (La,,Sr,3)MnO,
T. =370 K (bulk)

Insulators:
STO: SrTiO,
dielectric

PZT: Pb(Zr,,Tig¢)O;
ferroelectric below T_ = 750 K

Other perovskite oxides:
Superconducting, giant magnetoresistance,..
Rich phase diagrams



HZB...... Oxide Nanolayers
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ﬁ Perovskite structure
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HZB remhoz - Hegt Diffusion from SL into Substrate
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Example: LSMO/STO SL (9+14nm) on STO
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Example: LSMO/STO SL (9+14nm) on STO
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HZEJ*;L”B':::?; Ferroelectric Perovskite: PbZr, ,Ti; gO4
é

@ A-site cation: Pb
@ B-site cation: Zr/Ti
«  Oxygen

o ferroelectric due to tetragonal distortion of Pb and Zr/Ti
below T_ = 400°C

e additional piezo- and pyro-electricity

e various applications in MEMS or FeERAM



HZQJL?L“E:H?: Couplings Investigated by UXRD

ﬁ

/Alexei Grigoriev, et. al. (2006), in:
Applied Physics Letters, 89:2(021109)

blecking

/-agg Sound Waves

C. von Korff Schmising, et. al. (2007),
Physical Review Letters, 98:25(257601) Opt| Cal

‘,"c ©<© Excitation

delay time (ns)

Polarisation

Dan Daranciang, et. al. (2012),
Phys. Rev. Lett., 108(087601)

y R“
i o e*
v

PEy P Ey P E;

0 1z 20
Time [ps)

:ig g v, ‘ ’ I _ 1.0 i
:\f S s
- == < |US excitation

-1 0 1 2 3 4

g::: s Delay Time (ps) )13 n ismS
2 wJ C" Ll 8 =2975" (oxpt. 1 1
Lo e excitation and coupling
o iy on different time scales
| et
Tifie (pSI 18 20 25

/




HZB....... Inhomogeneous Strain Propagation in PZT
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Schick et al., Phys. Rev. Lett. 110, 095502 (2013)



HZB...... Inhomogeneous Strain Propagation in PZT
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Inhomogeneous Strain Propagation in PZT
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Inhomogeneous Strain Propagation in PZT
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HZB...... Inhomogeneous Strain Propagation in PZT
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HZB...... Inhomogeneous Strain -> Broadening
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HZB..... Dynamic stress relaxation
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HZB..... Dynamic stress relaxation
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Need VSR to do this at BESSY
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Laser Heating of a Thin Ferroelectric Film
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HZB...... PZT: c-Axis Expansion and Contraction
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Depolarization Fields and Shift Currents

In PbTiO,
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Depolarization Fields and Shift Currents

In BiFeO,
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HZB...... Depolarization Fields and Shift Currents
Zentrum Berlin |n BIFeOQ
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Arguments against
Depolarization Field Screening

Shift and width have same decay time ~ o;z:
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D. Daranciang et al, Phys. Rev. Lett. 108, 087601 (2012)
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ﬁUXRD data from synchrotrons and plasma source

 Heat transport ~10 ps on ~20nm length scale

 Inhomogeneous transient strain (SRO)

 Domains trigger in-plane dynamics in PZT
Damping different for expansion and compr.

e Heat transport in SRO/PZT + in-plane sound
PZT cannot contract faster than 10 ns

 Above band gap excitation of BFO
No charge carrier motion — inhomogeneous!
Depolarization field screening not dominant
« Stress instantaneous — only orbital changes
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