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Thermal conductivity of materials - nanoscopic

K = %/CU)\ — %0’027'

Heat capacity Velocity

(energy density of carriers) (how fast they move)
Band Structure and DOS for Si
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Thermal conductivity of materials - nanoscopic

K = %C’v)\ = +Cv2T

Mean free path/scattering time
(how often energy carriers scatter and lose energy)
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Classic example: Phonon boundary scattering and reduced «

Grain boundaries in BTO FE Domain boundaries
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Spectral phonon transport in alloys

How do defects and interfaces play a role?
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Spectral phonon transport in alloys

How do defects and interfaces play a role?
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Spectral phonon transport in ferroelectric solid solutions
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How do defects and interfaces play a role?
Thermal conductivity of PZT thin films
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This talk: Hafnium zirconium oxide thin films

Ferroelectricity in HZO thin film

@ Doping + Annealing
2 Stress

@ Interface
@® FE film thickness
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This talk: Hafnium zirconium oxide thin films

What are the phonon thermal
transport mechanisms dictating
the thermal conductivity of HZO
thin films?

Interplay among:

* Boundary scattering

« “Alloy” scattering
(Hf and Zr masses)

« Crystalline (FE phase) vs.
amorphous effects

Can we measure heat capacity
of 20 nm thick HZO film?

Thermal ALD
20 nm Hf,_ Zr, O,
0<x<1

As deposited or
600 C annealed

10 nm TaN




Measuring thermal conductivity in thin films: TDTR

NV 9 . /TDTR data, 115nm Al/Si
KZ,n 8 — ®
‘5 L
Kr,n Al Thermal model
R % Kksi = 141Wm™ ' K™!
=6
| | hx, alsi = 380 MWm 2 K~!
_ v,1 V23 Cvn % i
b ---CW 4 = 4r
3 L e Pulsed ® | d1 d2 d3 £~ N
= | / / =) B
Q = B L
o | =
: JI I[ h ” 'h1/2 h2/3 h(n-1)/n b S
£ [d. o 8 REN | Seo oo,
< et L H ’
0 50 100 150 200 0o —* , , , .
Time (ns) 0 1 2 3 4 5

Pump-probe time delay, 7 (ns)

TDTR Reviews and Analyses
Rev. Sci. Instr. 75, 5119
Rev. Sci. Instr. 79, 114902
J. Heat Trans. 132, 081302
Ann. Rev. Heat Trans. 16, 159




Thermal conductivity of HZO thin films
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Thermal conductivity of HZO thin films
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Heat capacity of HZO thin films
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Thermal conductivity of ferroelectric HZO shows strong

influence from boundary scattering for 20 nm films
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As-deposited — amorphous

Annealed — Monoclinic or mixed tetragonal/orthorhombic

HfO, — Monoclinic, ZrO, - tetragonal
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