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Experimental Characterization of Spin-Thermoelectricity and its Energy Conversion
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In this work, we showed the experimental methodology for the precise characterization of the spin thermoelectric device of
longitudinal spin Seebeck geometry, including heater design, temperature calibration, and the estimation of the spin-thermoelectric
energy conversion. In particular, the developed on-chip heater design allows nominal heat dissipation due to direct contact between the
device and heat source, and its simultaneous use for temperature sensor based-on temperature dependent resistance provides precise
calibration for the thermal gradient applied on thin magnetic layer.

Keywords : spin Seebeck effect, spin thermoelectricity, magnon, temperature gradient calibration

ATMo| NHY ST UK HE S80| Cfet DF
20N - MY - gH*

el Al g, S S FFUZSEAZ 50, 44919
2020 102 139 2, 20200 109 199 HEFAE w3 202009 102 199 AlIRREA)

B =Rl ek Pele) HHY o] AR 2NER A4 AR oA WS B S A SH DAY A
DAY L= R 2AADES AN B PHE B ek 53, 35 DTS 083 onchip T2 SIS A4S}
A9l Alole] 7o) i) whEe] PEUAMS] BN Hish & 5 9la, BA) LEWS] e Ao ZRE LEAML
28 Fsallol sFe A el QlEie LwTle] B S PHS A,

FHO| : 2BWAN A, 2VD, i1, LETHE

Al WA Al ZpT 7kl ol ozl Hel ot =4
A Wgke 7] v I vriAeL ARAE wiviAE
olgslnE EX && ol oA o3 A Aok
S ZHE AHE7Iel 71 93 aAte] IS dold & 3l
= A& iR ko g 7= o] sitt.

RG24 712AQ1 e AFgAl =it

I. M £

1

2T BA (spin thermoelectrics) > ==TH|Z A== 2
F(spin flow)s W72 GoAUAE H71dUAZ A=
MzZ2 Feje] EA (thermoelectrics) LA wWH3to]TH1-5].

dubr o7 JHAaAte] A HEE A5 (figure of
meritf= ZppT=S2o/kT(SE AWM= (Seebeck coefficient), o
= AREE, & G¥EE) 2 UEhfolit). F=2 RiwA|
AANE ARSShE 4 AAke APl H71HEES] trade-
off TAIZ <13} power factor(P =Sy A7 S
AZF Qok. E3F Wiedemann-Franz law(x/o=L.T, L& &
A= el mE AR HEE ()9t 7159

© The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-52-217-2330,
Fax: +82-52-217-2309, e-mail: jwyoo@unist.ac.kr

7HRIAIE 2~ Ho] AT 2~TAE Fd(spin Seebeck
effecty?} o2 A3l HAYE 2AF7} QS TAol| FU= o
2 s} ko 27 H7|qURAE sk Aoloh2].
2 2 - A A (ferromagnetic  insulator; FMI)Y/S5<5(heavy
metal; HM) o]%Zo|x ayzlo g dojul=d], FMIe] 7}3l
7 2elE FE WAE vl (magnon)e] SF0] QI
HM T02 2Ae-5s Agshe g2 23 H%(thermal
spin pumping)®] ¥ojuar, Pt, W, Ta 59 28 & &3 (spin
Hall effect; SHEY’} 2 HM FollA ¥2~Z(inverse spin Hall
effect; ISHE) &3] o3l HstdR= WHEk=]A Hrhe]. 4

—145-



- 146- R EERRE

FHow, 299 ks FMIE] GHER9 HME] A71d
TeE ST Aol AHE7] WiEel A9 factors 3t
A A7} 7Fssich 219 &8-S SulrT7] 9
e Ao Q) 2w v :mz—!i 3
A 2E= M F3she, UMY A9l 23 As)
WHE-S(spin Hall angle, Gy)°] 2 ;‘]%]—ri ‘lTﬂO 1=
B, Q) SR Anny eElsl £ Wge R A
Sfo] A== Bulk P-N junction® 2 3% 7]&e] Ex4
Ashe e, 208 A Fle eEl W) HM
A ISHE SPs) g ele) el M2 ) W
(EISHE ~JS x & Jst 2R, 8 2WWIgE )2 283}
= 9ol gk F9E 729 24 ARl felsith o=
et UG 2xpe] s Bl FEEE 7hssi
slo] Azp7)7] B ket fopll &-8o] ZItH=EaL 7).
T3 A2PERY2 A2 AT QloA, A T
(Ferromangetic resonance) A9} 7 1hest whio=w
A 2 20E 75 35 5 BY A7l de] Z8H0]
AL it
FMIHME. o]Fojzl 2AFH Axpo] oufA] Wgh 5885
ZAE vj= Longitudinal spin Seebeck effect(LSSE) T3
£ F= o83t} Fig. 120 Yebd ZA" 277t 22t

AAQ] Ao 2 o}y wjFo|| LSSE TRoAe] A
BAE A= (Spssers TR 2o] dEFEoh
E AV, cerlL
SLSSE= T = AT gL ()
o471 Lok L= 22 HMe| Zole}t FMe] Tﬂﬂ o =4
AW A AgEe] 25 AT Fol wel =A
22§ el 53] 4 nm~S um 9] g AR

sAle) LETHlE YUsh) Sgsiol 209 5] 9e

& vlalo] ZFsalth. ol SAsh] ABA TSlolN 2
Bl e TP, AgAle] LETIE SHe W
o2 ARel 55 Wl w71 B Wzel bse W)
of(peltier) 2AFE FAStY] 2E=THIE Jhekal AU
(thermocouple)E ©]83+ 257 W] o]&5]o] SIrh(8].

7 9, dlolAst 2o Agloery LeTHlE A A
flejtios £22 AL YU SOl 18Tl 2
o} S olejgt 24 WHe) AS axjel A9 Alole] &

=2 (heat loss)°] Ho} £ % o] oA} 2 Ao o
E‘E} = 1‘1:—1:01]/‘1b 3 (on-chip) 72 3]¥|(heater)=

o] G&AS FHAs) o, 2ETHIE
%E Al 83} A
ol il Aolst
gl thsl =2Jst

FMI S22 Yittrium-Iron-Garnet(Y3FesOpn, YIG)S -S04
o2 3A3817] 918l Yitrium nitrate(Y(NO5);6H,0, 99.99%)2}F
Iron nitrate(Fe(NO5);-9H,0, 99.99%) J$-HI=S 3:59] H[&=2
citric acidoll EFshaL, RS vsled 1 MY EFEAS
27 °CollA 18A1ZE, Z1]aL 80 °CollA] 24417F oS ksl
LS -§HES F9] 11 719 32 *ﬂﬂ Al 719
S ARESIAAL, V1] i Ao R wEY] 9$ -OH
7] BATAR F7] SA 600 °C SAEE 2/\17P ol A
23}l Fo] 213] 1438l | 7|9l FHE 1Mo &

BN TXS T, 4000 rpm 4052 ZAFARSIIL 150 °C
A dxelE

&, &7 Sl

slgie). <RI A 53] e £
=23 HuyX(furnace)oll A 800 °C7HA] 5 °C/

c) @

Au Heater

Insulator (Al,0,)

Pt
I
sio,

- 4

<
v

Fig. 1. (Color online) (a) Schematic illustration of spin thermoelectric energy generation associated with spin Seebeck effect and inverse spin Hall
effect in FMI/HM. (b) Optical image of spin thermoelectric device with on-chip heater. Scale bar is 100 pm. (c) Schematic illustration of the

fabricated device structure for the characterization of spin-thermoelectricity.
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Fig. 2. (Color online) (a) Temperature dependent resistance of Au heater. (b) Joule heating behavior by increasing current in Au heater. (c)
Temperature gradient applied on each layer for heating current of /=20 mA. The calculated temperature difference applied on YIG layer is

0.011 K.
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Fig. 3. (Color online) (a) Temperature of the Au layer, Resistance of
the Au layer, and generated spin Seebeck voltage as increasing
heating current. (b) Spin Seebeck voltage vs the temperature difference
applied on YIG.
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