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Research of in-plane thermoelectic elements using the spin Seebeck effect
Tatsuhiro NOZUE*!, Tadashi MORITA*! and Hirohiko MURAKAMI*!
*! Future Technology Research Laboratory, ULVAC, Inc., 5-9-6 Tohkohdai, Tsukuba, Ibaraki 300-2635 Japan

We have investigated the thermoelectric elements using the spin Seebeck effect (SSE), in order to develop the novel
thermoelectric device. The multilayered SSE elements of Y;Fe;0,, (YIG) and Pt, [YIG/Pt],, were fabricated by sputtering.
The sample of n=2 had the SSE coefficient 2 times as large as that of n=1. However, the SSE of n=3 sample was almost equal

to that of n=2. This enhancement of SSE is considered to be contributed by the spin current enhanced in the multilayer [YIG/
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Figure 1 A example of the spin current profile calculated for
[FMI/NM], and [FMI/NM], (FMI: ferromagnetic

insulator, NM: nonmagnetic metal) (Ref. 3).
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Figure 2 Schematic pictures of the equipment for the measurement of spin Seebeck effect (SSE) and the directions of the
external field, the temperature gradient and the SSE voltage.
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Figure 3 AFM images of (a) GGG (110) substrate after
annealing at 900C, (b) YIG film deposited on GGG
substrate after RTA at 825C and (c) YIG film
deposited on GGG/Pt(5 nm) after RTA at 825C.
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Figure 4 TEM images of GGG/[YIG (48 nm)/Pt(5.2 nm)],.
(a) A low magnification image of the substrate and
all layers, (b), (c) high magnification images of the
interfaces indicated at arrows in (a).
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Figure 5 FMR spectra of GGG/Pt (5.2 nm)/YIG (48 nm) and
GGG/YIG (48 nm) /Pt (5.2 nm).
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Figure 6 Field dependence of SSE coefficients of GGG/YIG

(d)/Pt (4.2 nm), d = 24, 48 and 96 nm, measured
under the temperature difference condition of AT =
6 K.
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Table 1 Resistivities of Pt layers, the magnetizations and the FMR
line widths of GGG/YIG (d)/Pt(4.2 nm), d = 24, 48 and 96
nm.

Resistivity Magnetization | FMR line width
uQdem emu cm "’ Oe
YIG 24 nm 20.13 106 5.5
YIG 48 nm 20.83 101 43
YIG 96 nm 19.61 102 6.3




Table 2 Resistivities of Pt layers of GGG/ [YIG
(48 nm) /Pt (5.2 nm)], (n =1, 2 and 3),
GGG/Pt (5.2 nm)/YIG (48 nm) and
GGG/Pt (5.2 nm)/YIG (48 nm) /Pt (5.2

nm).
GGG/IYIG (48)/Pt (5.2)]. Resistivity
uQcm
n-1 175
=2 183
=3 185
GGG/Pt (5.2)/YIG (48) 175
GGG/Pt (5.2)/YIG (48)/Pt (5.2) 186
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Figure 7 Field dependence of SSE coefficients of GGG/[YIG
(48 nm) /Pt (5.2 nm)],, n = 1~3, measured under
the temperature difference condition of AT =6 K.
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Figure 8 Field dependence of SSE coefficients of GGG/Pt
(5.2 nm)/YIG (48 nm)/Pt (5.2 nm) and GGG/
Pt(5.2 nm)/YIG (48 nm), measured under the
temperature difference condition of AT =6 K.
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Figure 9 Comparison of the spin current profile for the SSE
models, [FMI/NM], and FMI/NM/FMI (FMI:
ferromagnetic insulator, NM: nonmagnetic metal)
(Ref. 3). At the interface between NM1 and FMI2,
the spin current is enhanced for [FMI/NM],.
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%, Fx o [YIG/Pt], O#ERICHBTIIDL I LIZTE
T, SHICHMEPLETHS.

4. TEDH
A% TIE, GGG LI ¥ 8 F ¥ v V7% YIG # &

i, 512 Pt & MIZHkA 72 GGG/P/YIG ZF# L 72
Pt Lo YIG 134455 Td %25, SSE FRE D56 13 YIG

AHLEE T D GGG/YIG/Pt & 6] UME % 1572, £ &
GGG/LYIG/Pt], TiZn=1 12k L T 2 {42 » SSE @
W CTd o 7275, PtOEILEIT—ETH ) HIFFEIE
JBE A L 16 #5121 B L7z, —J5, Pt/YIG/Pt O
YRA y FHEEICBWT L SSE DMK EMERR L, STk
12 THRREN TV L EHEEIC L 2 A Y YRR
T HH L T B EEZH5NA. K722 SSE
BEE WK ' — 5 — LIER TN E WS, SSE ¥
K EMDEFEEOR LRSS BB O B
B A%y FREMEE RTAIC L DIER4 2 Z L STE 7
RAFZE I B AL RS AIMR 7 BEIFZE = & o L FBFZE T
bz, EBRAISE | Tz 5 )1 B%, BB
BCEHR L P E
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