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Thermal Conductivity of

Ferroelectrics

= Ferroelectrics and related
materials can have low
thermal conductivities
= Complex phonon spectra
= Soft modes
= Anisotropy

= \What about the role of
boundaries?

= Grain boundaries
= Weakly bound interfaces

= Domain boundaries
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eCan measure thermal conductivity of thin films
and substrates (k) separately from thermal
boundary conductance (h,)

Nanostructure

- | Thermal penetration depth
/

eNanometer spatial resolution (~10’s of nm)

Semi-infinite
substrate

eFemtosecond to nanosecond temporal resolution

eNoncontact

P. Hopkins et al., J. Heat Trans. 132, 081302 (2010) J.F. Ihlefeld, ISAF 2014, May 14, 2014




Grain Boundaries: SrTiO,

Foley et al. App. Phys. Lett. 101, 231908 (2012)
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Grain size series of SrTiO, prepared via
CSD and altering processing temperature

3X reduction in thermal conductivity from
single crystal value via nano-grain
formation

Grain boundary scattering dominates at
fine sizes

J.F. Ihlefeld, EMA 2014, January 24, 2014




Coherent “Interfaces:” Sr,Nb.,O Lok
2 27
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= CSD-derived thin films

Sr,Nb,0,

= Forms b-axis oriented fiber texture on a
variety of substrates

= (001) SrTiO;, c-plane Sapphire,
polycrystalline Al,O,

SrTiO,

Preparation details: M. Campion et al. JACerS, 96 (3), 743-749 (2013) J.F. Ihlefeld, ISAF 2014, May 14, 2014



Coherent “Interfaces:” Sr,Nb,O,

Cross-plane thermal

conductivity ~0.6 W/m-K & 1.2
Low thermal conductivity § 10
can be attributed to phonon =
scattering at the weakly ; 0.8
bound SrO-SrO layers S
Substantially lower § 0.6
conductivity value than hot- -g 04
forged ceramics™ O
= Much greater degree of texture g 0.2
in thin films than ceramic o [
counterparts (~1W/m-K) |'E 00L

What about other coherent
interfaces?
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Coherent Interfaces: Domain

Boundaries

Strain and orientation
changes across coherent
interfaces are known to
affect thermal
conduction

These two features both
exist at ferroelastic
domain walls

We would therefore
anticipate that domain
boundaries can scatter
phonons

What about domains in
thin films?
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Domain Engineered BiFeO, Samples

Domain Orientations Domain Orientations

[-1-11] [-1-11]

[-111] [111]

[1-11] [1-11]

10111] 10111]

- 111 1 [-1-1-1]

4 F11-1] [11-1]

[1-1-1] [1-1-1]

Vicinal substrate
[111] 2-variantss’

Non:vigingl substrate
AVETIETNS
”~

[11-1]

|

unknown unknown

= 30 nm thick BiFeO,; grown on non-vicinal and vicinal (001)-
oriented SrTiO; substrates via reactive molecular-beam epitaxy

= Less complex domain assemblage for vicinal cuts
= Apparently fewer domain walls/area

P.E. Hopkins et al. Appl. Phys. Lett. 102, 121903 (2013) J.F. Ihlefeld, ISAF 2014, May 14, 2014



Domain boundary quantification

Domain Boundary Angles Domain Boundary Angles
I unknown
< 180 degrees

4 109 degrees

uL=CEl  \/icinal substrate
2-variants

Non-vicinal:substrate
4-variants

none

= Vector-Resolved PFM Characterization
= Virtually all 71° domain walls
= 4-variant: 16 um domain wall/um?
= 2-variant: 11 um domain wall/um?
= I-variant: no observable domain walls
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Thermal Conductivity of BiFeO, L

90 nm Platinum transducer
patterned on films

Effective thermal

conductivities of BiFeO,
<2.5 W/m-K

Presence of domain walls
reduces k by ~30%.

Domain walls appear to be
scattering phonons

Thermal Conductivity (W m’ K'1)
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Domain Wall Kapitza Conductance

= Domain wall Kapitza
conductance calculated
from thermal conductivity

data:
_1)

= 71° BiFeO; domain walls
have resistances greater
than grain boundaries in
similar materials
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Summary

In addition to grain boundaries,
coherent interfaces including weakly
bound layers and domain boundaries
also scatter phonons

Domain boundaries can scatter
phonons even at room temperature

We have developed a means to

image domain structure under
applied field

We believe we have demonstrated
the first room temperature thermal
switch without utilizing a phase
transition or physical separation
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