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Measuring Thermal Conductivity of thin f1lms

Kiot = Kqg + Kg Kg = Kot — Ky
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Subtraction of a large background nearly always leads to
LARGE experimental error!

Assumes conduction of heat! Radiation is often important at 100+K
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Measuring thermopower of thin-films

i Thot

Several reports on thermoelectric power
(TEP) and magnetothermoelectric (MTEP)

power for spin-valves, other thin films.
1) L. Piraux, et al., JMMM 110, 1L.247 (1992)

mdny open qUCSthIlS remain... 2)J. Shi, et al., JMMM 125, 1.251 (1993)
3) E. Yu. Tsymbal et al., PRB 59, 8371 (1999)
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Z1nk’s Personal Spin-Caloric Timeline

a
Late nineties (!):

Heat capacity and thermal
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A few details. ..
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& Wide temperature range

& 77 to > 300 K for these experiments

& Easily controllable, reversible thermal gradient

. Can potentially measure a wide range of thin
film materials

‘J DISADVANTAGE? For the moment stuck with an
amorphous substrate (S1-N)

- measurement of &, o and o on the SAME sample
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Closer look at k£ for films near RT

First step toward thermoelectric, thermal spin
current measurements 1n nanostructures?

ﬁ> k and TEP on films
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Closer look at k£ for films near RT
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Deviations from Wiedemann-Franz

k & Valid in regimes where same
relaxation process dominates both
electrical and thermal conductivity

 High and Low T

 high g scattering across the Fermi sphere

' In clean bulk materials, breaks down
for intermediate T

~ small g, “vertical” scattering relaxes
thermal conduction but has little effect on
electrical...

) Additional contributions to % can also
cause apparent “violations”

)
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[Lorenz Number

Since we measure p and £ on EXACTLY the same sample,
examination of the Wiedemann-Franz law 1s simple
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Thermopower
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Thermopower

0-
Phonon Drag T
L
10 -
>
=
=
& 5 -
Diffusion Thermopower
__w’h; | (Ino (E)) Effect of disorder ~ the same
220 - “a =7 3¢l OF i for thin film and NW

0 50 100 150 200 250 300

T(K)

N1 NW: E. Shapira, et al., Nanotechnology 18, 485703 (2007)
May 13, 2011 Bulk: F. J. Blatt, et al., PRL 18, 395 (1967)

Friday, May 13, 2011

)




Thermopower
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More Thermopower
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Temperature (K)

- Disorder reduces TEP

75 100 125 150 175 200 225 250 275 300 325

- Sign of TEP matches bulk

- correlates with film resistivity

. No Phonon Drag effects?

)
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Magnon Drag

Electron-Magnon coupling leads to additional contribution to
thermopower 1n Iron

16 - J

/Clean Bulk Iron

14 -
Iron thin films 1- o .

’-—-~

~ ¢—+—DBulk Iron
0 50 100 150 200 250 300 350 400 AHOYS
T (K)
PHYSICAL REVIEW B 83, 100401(R) (2011)

A. D. Avery, Rubina Sultan, D. Bassett, D. Wei, and B. L. Zink
Department of Phvsics and Astronomv. Universitv of Denver. Denver. Colorado 80208. USA

May 13, 2011 (1) FJ Blatt, PRL 18, 395-396 (1964)
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Thermal Pl

atforms for Spin Seebeck Studies

™

Mo lead

" Thermal platforms were prepared
with 1dentical contacts using both
N1 and Au films 1n order to test

for background effects

voltage generated
by the inverse spin
Hall effect (ISHE)

1in response to I 1s

The transverse ]

" Each island is fabricated with
a Pt SSE detector, allowing

concurrent voltage
measurements and easy
reversal of the thermal
gradient.

May 13, 2011

measured across the
Pt lead of the SSE
detector.
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Thermal Platforms with ISHE Detectors
[ Advantages ] [ Challenges ]

& Excellent control and measurement of & Due to process compatibility with various
applied thermal gradients. materials and interfaces, fabrication 1s

more complicated (requires through-wafer

* L :
w Two Pt ISHE detectors allow concurrent etching in ICP-RIE Deep-trench Si etcher)

measurement of the hot and cold ends of . |
the sample, thermal gradient can be & Because the width of the Pt contact is

casily reversed smaller, signals expected to be smaller
than the Saitoh experiments for the same
thermal gradient (by 100x)

 Substrate is both low thermal conductivity
20 nm Ni Film (though higher than typical glass) and
= VERY low thermal conductance

p

s/

»

///
May 13, 2011 20 nm Ti/Au Film
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10 nm Pt Film
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Flrst Thermal Platform Data Nickel

Left Island Heated nght Island Heated
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FSA W t/\/ \
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AT (K) frame
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First Thermal Platform Data: Nickel

Right 1sland heated

anti-Parallel °
/arae
Right (hoy

“
04 e " Left (cold) Parallel

Transverse Voltage (uV)

)
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First Thermal Platform Data: Nickel

Right 1sland heated

anti-Parallel

Right :
3

04 e " Left (cold) Parallel

Transverse Voltage (uV)

)
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First Thermal Platform Data: Nickel

Right 1sland heated

anti-Parallel

Right ’
3

Transverse Voltage (1V)

I S l S R N N g

)
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First Thermal Platform Data: Nickel

mm Risht island heated .
anti-Parallel e -
"

Parallel -

) Parallel -
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First Thermal Platform Data: Nickel

g Richt island heated !
anti-Parallel a ‘
"

Parallel -

y Parallel -

franti-Parattef’
75 200 225

—
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First Thermal Platform Data: Nickel
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First Thermal Platform Data: Nickel
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First Thermal Platform Data: Nickel

ransverse
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First Thermal Platform Data: Nickel

| eft island heated
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First Thermal Platform Data: Nickel

| eft island heated
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Au Film

. Left island heated
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Azure Avery March Meeting 201 1, Dallas, TX University of Denver
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Au Film

4.5 1 | eft island heated
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A pretty good start...

& Same sign of field-induced changes in Vise as
Saitoh’s group sees. Size of signal ~
comparable,with corrections for geometry and
Delta T

 Clearly plagued somewhat by large background
(presumably from charge Seebeck, etc.), makes
this somewhat confusing.

. Platform broke at the end of first runs
. Recently completed fabrication of new samples

Py films, attempt at improving isolation structure
for more symmetric temperature response

. Working to implement ac lock-in detection... .]

May 13, 2011
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Latest Data...(Py film)

e

0.6

U5 L eft island heated ) '
0.2_ _ 04— /
= 0.0- € o//g
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> 04- D a s / -
% ] \ | g 0.0 / _
% -0.6 a5 3 g | |
(e T 1 () C C
£ -08- 1 E o0a- Right island heated B
-1.04 — ]
- d
-1.2 4 ' | ' | - -0.4 4 - I - I -
50 100 150 200 50 100 150 200
4 N

Hard to believe there is a sensible field dependence here.
Potential Reasons? Interface problems? SSE really zero
in Py on amorphous substrate? Non-linear regime 1s just
too kooky? Other random crap? Will have to stay tuned...

\

)
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Questions, Questions...

& What is the mechanism(s) of the SSE?

&) SSE on low conductivity substrates?
& Maybe not so simple?

 Signal sizes in Ni, Py, Fe compare to magnon
and phonon drag?

 Still no help for overall sign there...

 As a community, still need more DATA

May 13, 2011
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