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Thermal conductivity of Ferroelectrics

e Ferroelectrics and related
materials can have low
thermal conductivities

* Complex phonon
spectra

e Soft modes

* Anisotropy

 What role do internal
boundaries/structures
play??
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Grain boundaries: SrTiO,
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What about domain boundaries/strain?

Grain boundaries = incoherent

Ferroelectric domain boundaries = coherent and strained



Outline

* Domains and domain walls in BiFeO,
* Time domain thermoreflectance (TDTR)
* Domain effects on thermal transport in BiFeO,

* “Domain wall” Kapitza conductance — phonon-strain field
scattering



“Coherent interfaces” — think layers

* Layered structures can exhibit ultralow thermal conductivity

Ex. Sr,Nb,O,

gy
‘ame | Perovskite-

4 like layers

g ¥ 3Sr0 layer

2

1.8

Thermal Conductivity, W m ! K7!
o S
(@) o0 —

<
~

<
bo

IIII|IIII|IIII|IIII|III
- = = = Kobayashi et al.

- O 5layer -
O 30 layer

CsBiNb, O .

150 300 450 600
Temperature, K

Cahill et al. Appl. Phys. Lett. 96, 121903 (2010)
Chiritescu et al. Science 315, 351 (2007)

5

-t

Thermal conductivity (W m™ K)

o
—_—

I
L3

single crystal

Amin

. —

TA L
f?—\l

| 343 nm

l-
- —

1] 4
ool ; 1
¥

-

0.02

WSe,

— —

s
T AT

— 8 4

"A\ J-

H‘!

N

T FAY
AT

irrad 24 nm

iisv

L]

62 nm

50 100

500

Temperature (K)



Slide courtesy of

“Coherent” interfaces — BiFeO, domains Chang-Beom Eom and

Jon |hlefeld

* Domain boundaries — other types of coherent interfaces
* Reactive molecular-beam epitaxy: 30 nm BiFeO; films on
SrT10; substrates

Exact (001) SrTiO; 4° miscut toward [100]

4° miscut toward [110]
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Domain characterization - PFM

a: normal c: normal
(z) PFM |/b lateral (z) PFM |/d lateral

(y) PFM ~ (x) PFM
'y;i * ”

* Standard domain 1imaging not sufficient
* Require quantification of domain boundaries
* Vector (angle-resolved) PEM: 2 steps

* Out-of-plane (normal) z-direction

* In-plane y-direction

* Rotate specimen 90 degrees

Desmarais et al. Appl. Phys. Lett. 99, 162908 (2011)



Domain boundary quantification

Domain Boundary Angles Domain Boundary Angles

I unknown

180 degrees

I unknown
4 180 degrees

4 109 degrees

4 109 degrees

71 degrees

gkU TN \/icinal substrate
2-variants

Non-vicinal:substrate
4-variants

* Growth on vicinal substrate results 1in different domain
structure

* Virtually all 71 deg. domain walls

* 4 variant: 16 um domain wall/pum?

* 2 variant: 11 pum domain wall/pum?

Hopkins et al. Appl. Phys. Lett. 102, 121903 (2013)



Time domain thermoreflectance (TDTR)

* Thermal conductivity of series of BiFeO; films with

different dopn})ain structures
rope
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*Can measure thermal conductivity of thin
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eNanometer spatial resolution (~10’s of nm)

Semi-infinite
substrate

*Femtosecond to nanosecond temporal
resolution
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Domain effects on effective thermal conductivity
20.0 —

o Effective thermal

conductivities of BiFeO; <
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 Presence of domain walls
reduces k by ~30%

* Strain fields from domains
are scattering phonons
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Domain effects Kapitza conductance

* 4 variant: D = 16 pum domain wall/um?

e 2 variant: D = 11 um domain wall/um?
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Domain engineering of thermal properties
Single Crystalline Pb[Zr, T1,_,]O; (PZT) —

A LOT OF DOMAINS!
Thermal Conductivity of single—crystalline PZT films
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Conclusions - Appl. Phys. Lett. 102, 121903 (2013)

* Domains boundaries scatter phonons
 Coherent strain fields have similar effects as incoherent
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Single vs. poly PZT

Thermal Conductivity, W m K
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TDTR sensitivities — effective thermal conductivity

Thermal sensitivity, S
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Conductance measurements
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“Coherent” interfaces — Domain boundaries Chang-Beom Eom and

Jon |hlefeld

* Domain boundaries — other types of coherent interfaces

* BiFeO; domains can be engineered with substrate vicinality
Exact (001) SrTiO; 4° miscut toward [100] 4° miscut toward [110]
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BiFeO, film growth

Intensity (arbitrary units)
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Does this make sense?

* Coherent domain wall scatters phonons like incoherent
grain boundary?
* What’s the mechanism???
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