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e Can measure thermal conductivity of thin films
and substrates (k) separately from thermal
boundary conductance (hy)

Thin metal film transducer

Thermal penetration depth

Nanostructure

e Nanometer spatial resolution (~10’s of nm)

Semi-infinite
substrate

e Femtosecond to nanosecond temporal resolution

e Noncontact 3
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Why does thermal conductivity decrease? (),

" /n-situ channeling
contrast SEM enables
observation of domain
structure during
application of applied
voltage

= 3 nm thick Pt electrode
used to allow electron
transparency
= Domain structure
becomes more
complex under applied
fields




Why does thermal conductivity decrease? &=,
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Ferroelastic Domain Walls to Modulate =,
Thermal Conductivity
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Can We Make Thermal Conductivity Increase? k=

= Substrate clamping minimizes

ferroelasticdomain wall motion Pump/Probe

] Laser Pulse
= Preventsgrowth of domains

and decrease of domain wall 90 nm Pt

: _ vy | ~600 nm
density ; AN A" A poly 30/70
. . PZT
= Relieving clampingis expected 100 nm Pt
to increase ferroelastic domain 400 nm SiO,

wall mobility*

= Released films prepared by XeF,
etchingintoa membrane
structure*®

Silicon Wafer

Griggio, etal., Phys. Rev. B, 108, 157604 (2012) J.F.lhlefeld, EMA 2017, January 19,2016




SNL IMO Pb(zr,Ti)O, CSD Film Preparation (.

Zr(Obu), " BUOH + Ti(OiPr),

Blend 5 min
Acetic Acid / Methanol

Chelating agent / Solvent .

'/jTED
Pb(OAc)4 + La(OAc)3"H,0

Dissolve at ~90°C Spin Deposition

Deposited
solution

Pt gel

~J L (0]
B
Intermediate

fluorite
~400-500 °C

I porovskite
~500-700 °C

Acetic Acid / Methanol
Adjust Molarity

multiple
depositions

Sputter Pt electrodes

heating
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Can We Make Thermal Conductivity Increase? k=

= PbTiO; layer deposited initially to
favor 00/ crystallographic texture
= Columnar, dense grain structure

= ~84 um membrane diameter
after release
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Can We Make Thermal Conductivity Increase? k.

= Measuredthermal
conductivity on membrane

structure while applying
fields

= (Observediscontinuous 13%
increase in k at ~¥90 kV/cm

= Relieving strain resultsin
increased thermal
conduction

= |sdomain wall motion
the origin?
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Can We Make Thermal Conductivity Increase? &=

= Polarization-field response
measured

= Samples both clamped and
released regions

= E.="~100-110kV/cm

= E_from P-E measurements
slightly higher than that
from the x -E measurements
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o
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= What is the role of releasing
the film?

J.F. lhlefeld, EMA 2017, January 19, 2016
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Can We Make Thermal Conductivity Increase? &=
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Can We Make Thermal Conductivity Increase? &=
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Ferroelastic Domain Wall Motion is Responsibleg s,
for Thermal Switching Behavior

Laboratories
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Repeatability of Thermal Switching Behavior (.
= Temporal response of

thermal regulation
measured

1.80

1.70 10V 10V 10V 10V 10V

1.60 | MWMWM _

= Thermal conductivity
change for membrane

5
S
~
=
%)
>
structures is fast % .
= Sub-300ms timescale &
. S 1.40
= Response isrepeatable o [ W M
" Indicates that domain E 1.30 -
wall densities decrease 2 Ov 0% OV OV Ov O
while underfield and = 120 20 80 120 160
increase when field is Time (sec)
removed

J.F. lhlefeld, EMA 2017, January 19, 2016




Summary

= Both negative and positive voltage
coefficients of thermal conductivity

films

= Bilayer structures form more domain
walls in response to field

= Strain-relieved structures reduce in
domain wall density in response to field

= Ferroelectricfilmsare a promising
avenue toward active phonon
transport regulation
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