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Dynamic control of heat flow using spin thermal conductivity film
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Owing to miniaturization and high integration in semiconductor devices, the
integrated heat and its fluctuation causes degradation of performance and precision. To solve it, we
aim to develop a new material that can electrically control heat flow. In this work, we focused on
spin ladder materials (La5Ca9Cu24041) whose heat carrier is a unique particle, magnon. We proposed
and fabricated a prototype for the dynamic control and demonstrated that magnons and their thermal
conduction can be electrically controlled by an application of voltage via an ionic liquid.



3 1 100 W/(mK)

2 3
Fig. 1
LCCO
LCCO
~100 nm
|
B
|
|
|
|
L
|
Fig. 1.
Fig. 2a
LCCO Fig.2b DEME-TFSI
Au LCCO

LCCO LCCO



lonic liquid
(| CCO film

G cco- Thermal conductance

p-type low-resistance Si

Fig. 2 a) b) LCCO )
pump probe
4 f Fig. 3a LCCO ¢
f=10*10°Hz
LCCO Gicco 2V
1-4 MW/(m2/K) A—C
D-E Fig. 3b
50 Q&j-al
o P
— Q
o401 -
= as
I 35+ g%’
%)
30 A d5°
- NG cco: MW/(m?2-K) ‘
104 f (Hz) 10°
b
9 c
X 4«L (L :
E,]A |
= \
31 P 4
5 DO
0 : : : |
0 2 0 2 0
V (V)
Fig. 3d) - f b) LCCO Giceo D
Fig. 4a Raman Fig.4b LCCO
IL/ILCCO IL IL/LCCO-
IL LCCO ~3000 cmrt
two-magnon
2 0 Fig. 5

~2000cm?



Cover glass

IL
LCCO film

p-type low-resistance Si

Wt ILILCCO-IL

100 counts |
UU“L/ ILLCCO |
L"‘\_

021 2 3 4 5 6 7 8
Wavenumber (103 cm™)

Raman intensity

Fig. 4 d) D b)LCCO
IL/ILCCO IL
IL/LCCO-IL

021 2 3 4 5 6 7 8
Wavenumber (102 cm™1)

Change in spectrum IL/LCCO-IL

Fig. 5. IL/LCCO-IL D A-E Fig.3b

Fig. 2b

Fig. 6 LCCO
LCCO



magnon-controlled area

LCCO film

amor./nanocryst.
p-type low-resistance Si

&Y

10W/(mK)
LCCO

1) N. Terakado, Y. Nara, Y. Machida, Y. Takahashi, T. Fujiwara, Sci. Rep. 10, 14468 (2020).



2 1 0 1

N. Terakado, Y. Nara, Y. Machida, Y. Takahashi, T. Fujiwara 10

Dynamic control of heat flow using a spin-chain ladder cuprate film and an ionic liquid 2020

Scientific Reports 14468
DOI

10.1038/s41598-020-70835-2

30

2021

8-14

DOl

27 3 10

Y. Nara, N. Terakado, Y. Takahashi, T. Fujiwara

Impact of electric field and grain size on thermal conductivity of spin thermal conductivity film

2nd Global Forum on Advanced Materials and Technologies for Sustainable Development

2019

N. Terakado, Y. Machida, Y. Nara, S. Watanabe, Y. Takahashi, T. Fujiwara

Preparation of thin film in low-dimensional spin system toward electric control of thermal conductivity

2nd Global Forum on Advanced Materials and Technologies for Sustainable Development

2019




N. Terakado, Y. Machida, Y. Nara, Y. Takahashi, T. Fujiwara

Electric field-induced change of structure and thermal conductivity in spin thermal conductivity film

25TH INTERNATIONAL CONGRESS ON GLASS

2019

S. Watanabe, N. Terakado, Y. Takahashi, T. Fujiwara

Orientation of spin thermal conductive film of Sr-Cu-O system for active heat control

25TH INTERNATIONAL CONGRESS ON GLASS

2019

b Sr14Cu24041

2019 80

2019

2019




La-Ca-Cu-0

67

2020

La-Ca-Cu-0

67

2020

N. Terakado

Electric control of heat flow by using spin thermal conductivity material

The Future of Topological Materials

2019

N. Terakado, Y. Machida, Y. Nara, Y. Takahashi, T. Fujiwara

Electric-field Control of Spin Ordering and Heat Flow In Spin ThermalConductivity Material Oral Contribution

Ceramic Materials and Components for Energy and Environmental Applications

2018




Y. Machida, N. Terakado, Y. Takahashi, T. Fujiwara

Fabrication of La-Ca-Cu-O spin thermal conductivity thin film having sandwich electrodes for application to electric-field
control of heat flow

Ceramic Materials and Components for Energy and Environmental Applications

2018

Evaluation of thermal properties oin spin thermal conductivity La-Ca-Cu-O film by frequency-domain thermoreflectance

50

2018

La-Ca-Cu-0

31

2018

La-Ca-Cu-0

2018




La-Ca-Cu-0

73

2018

La-Ca-Cu-0

57

2019

La-Ca-Cu-0

66

2019

66

2019




49

2017

29

2017

N. Terakado, R. Takahashi, Y. Yamazaki, Y. Takahashi, T. Fujiwara

Heat flow control by spin thermal conductivity materials having ordered/disordered structures

The 12th Pacific Rim Conference on Ceramic and Glass Technology including Glass & Optical Materials Division Annual Meeting

2017

Y. Machida, N. Terakado, R. Takahashi, Y. Takahashi, T. Fujiwara

Systhesis of spin thermal conductivity La-Ca-Cu-0O thin films for micro-thermal management

RIEC International Symposium on Photonics and Optical Communications

2017




Y. Machida, N. Terakado, R. Takahashi, Y. Takahashi, T. Fujiwara

Preparation and control of spin odering in spin thermal conductivity La-Ca-Cu-O films for active thermal management

Phyotocatalysis 2 & SIEMME"23 Joint Symposium

2017

La-Ca-Cu-0

49

2017

1T0/S102/La-Ca-Cu-0/1TO

65

2017

Si La-Ca-Cu-0

65

2017




Investigation of structure and spin ordering in spin thermal conductivity La-Ca-Cu-0 thin films for active thermal
management

49

2017

(FUJIWARA Takumi)

(TAKAHASHI Yoshihiro)




