@ Copyright ©2023 by the Magnetics Society of Japan.
@ This article is licensed under the Creative Commons Attribution International License (CC BY 4.0)
Ev http://creativecommons.org/licenses/by/4.0/

T. Magn. Soc. Jpn. (Special Issues)., 7, 34-39 (2023) <Paper>

TEILT7RAGIFe 7z UM EEEEIZHSITS
BEEXRILOA MREADERER—ILEREDOTE

Effect of anomalous Hall resistivity on anomalous Nernst coefficient
in amorphous GdFe ferrimagnetic alloy thin film
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The anomalous Nernst effect (ANE), which is the generation of transverse voltage due to a mutually
orthogonal temperature gradient and magnetization, has been studied with several types of magnetic materials. We
investigated the contribution of the anomalous Hall effect (AHE) to ANE in amorphous GdFe ferrimagnetic alloy thin
film with precise composition control. According to transverse and longitudinal voltage measurements with an applied
temperature gradient or current, the anomalous Nernst voltage and anomalous Hall voltage showed a magnetic field
dependence reflecting that of the net magnetization. It was also found that the Gd-composition ratio dependence of
the anomalous Nernst coefficient was similar to that of anomalous Hall resistivity. Furthermore, an anomalous Nernst
component due to AHE with a Seebeck current was estimated to contribute to the anomalous Nernst voltage by at
least more than 13 %. In amorphous GdFe ferrimagnetic alloy thin film, the AHE is considered to be one of the essential
mechanisms for ANE.

Keywords: anomalous Nernst coefficient, anomalous Hall resistivity, Seebeck coefficient, ferrimagnetic alloy, GdFe

1. FL®IC pxx, pAHE XAV ENBRIRGIR, BE R —VIRFIETH Y,

oxx, OlTENENEERURELE DT Y VD%t sy &I
xR CTlo . (RS S, AR (x J71m)

LRGN A U= BIRORE A — A 2RISR 5 B EE
~DHEFEAEEFET. KL T, OXLFLE—H SUTIREAR (x
W) BEDOEAITM (y Fn) OESFICEHEERINDF
L5%2F%Y. ZoO@)ROEFHEDEEOBLEN HUTE, BLO
FRERAY R & 7o SR BRREME RO TE R O RAL B FEF I/ S 22K
SRREMEMRIC L, B RV R MR OBFIR DG AT HED
HIVTND 9910 —J5  [EBROBAE Mo & B4R IZ
KO ZEFRATRE T, Mia DHRT DWALMHEHRR L ELHES
Wtk & LT7 = VRS GWEIE N H Y, B2 B
PR B LOMBEIC OV T BRI b Tns 18 %
T, AT TRALR BV TG T2 2525
% &7 (heavy Rare Earth :hRE) — i#B4J8 (Transition
Metal : TM) GdFe 7 = U BatEA@EIRICAE B Lz, AR
1%, 7L 7 A GdFe 7 = U BHES SO TE)ATHR S
U5 Sane & pane OFEEERZ HIUE L, Sane, pane, B—Xv
I SsE, poc D GdFe SR O E T A T - 72,

v |NEETEBREE T-0D F STERIRA~OICHICIN S, BRI RS
DUFIEHEA TG, BNENRIIBREREITH O DD D —
DOTHY, FERPEBIZBOCREARIC L VIEENPET S
B ThDH ). WEEEZNR (B—y V73R ([T 38R
FHHIRE S DRI ENERSANE B ZAUTUD 27, SJERGME
(R C OB S ENEZN R O T L A MR (Anomalous
NemstEffect: ANE) 1, B#{b.M LIRIEABNVT 12 L HICTEE 7250
IZES Eave DVECDBIZRE LTHbN, ROKTHRSIND -0,

Exng X M xVT €Y

F72, MnsSn 72 EDORRBEMEMRIZIBNT, R E 7%
EICEKT 2 ETIEHERTE VR L X FE S
TFEHRE I TR Y 291019 SRR 2 8
IV A RRIZ DWW TRRI R RF DD BT 5 2720,
ZOHT, BALFPNKFT D Eseldi A OREAEY,T
WCHBIT 5 & %, B v A MEE Sane 2 W T(2)2X
TRIN, Sane DERJFIZOWTIEE)RE A TR ERS.

2. V)
Eane = SaneViT (2) RR7%
SANE =P 0 = Pagyplios = St + S 3 ] _
ANE = Puxhy ~ Parg®ox = i+ Si G 21 6dFe 7z U RHEA RO & UREHHIHE
Corresponding author: Y. Kobayashi SiN(60nm)/ GdiFe100-(20 nm) / SiN(G nm) / glass sub. k=17,
(e-mail: csyu21012@g.nihon-u.ac.jp). 20, 25, 30, 40, 50, 60at.% )&~ % kL Ay LD

34 Transaction of the Magnetics Society of Japan (Special Issues) Vol.7, No.1, 2023



sample -

-
-

Peltier device

Fig. 1 Schematic illustration of temperature application
device. Red (white) colored part means hotter (colder)
area, and color gradation means temperature gradient.
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Fig. 2 Schematic illustrations of measurement set-up for
(a) anomalous Nernst effect Vyx*NE, (b) Seebeck effect ViSE,
(¢) longitudinal voltage Vi, and (d) anomalous Hall effect
Vyx"NE of GdiFe100-x alloy thin films.
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Fig. 3 Magnetic field dependence of normalized

magnetization of Gd:Feioo+ ((a) 17 < x < 30 at. % and (b)
40 <x < 60 at. %) alloy thin films at 300 K.

Table 1 Coercivity He and saturation magnetic field Hs of

Gd.Fei00- (20 nm) alloy thin films.
Gd composition ratio x He . H KOG
[at. %]
17 Hs=0.3
20 H.<0.1
25 H.=04
30 Hi=12
40 Hs=6.0
50 H;=6.6
60 Hs=8.7

T5. TOD, TELT 7 A GdFe 7 = USSR
AElE G278 SRENOIREAEN N Uz Mg OZLHEL S
ZEMERIESND. 722U, AW OISO EZE AT =T,
~TolImKR 5 KEETHY, REHEIZ T oBbITR
BN TR TH D L E L THRFT 21T 72

3. HEMER
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£ (Fig.5), EIRAETTEIIRFOGERE Ve B L OREEE VME D
SNERERELAYE (Fig. 6) ([2oWTHkB. F77, V™, T, Vix
BEOVRATE ORIERER L Y Red7-BF L A MBS Sane, B
— TR SsE, TERHHTEE pxx, 38 L O AR —/URH R pane
® GdFe A4 nktbietaliz Fig. 71073 723, BES L
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Figz 4 Composition dependence of saturation
magnetization Ms of Gd:Feioox alloy thin films at 300 K.
Solid line represents guide for eye.
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Fig. 5 Magnetic field dependence of (a) transverse voltage
Vix®NE and (b) longitudinal voltage ViSE of GdiFeioo-«
alloy thin films at Vx7 =+ 20 K/cm, where the width Wof
the electrodes is 0.3 cm.
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Fig. 6 Magnetic field dependence of (a) longitudinal
voltage Vix and (b) transverse voltage VixAHE of Gd.Feio0-x
alloy thin films at 7=+ 0.1 mA, where the width Wof the
electrodes is 0.3 cm.
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Fig. 7 Composition dependence of (a) anomalous Nernst
coefficient Sane, (b) Seebeck coefficient Ssg, (c) resistivity
pxx, and (d) anomalous Hall resistivity pane of Gd:Feioo-x
alloy thin films. Error bars are mainly derived from the
accuracy of distance measurement.
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Fig. 8 Composition dependence of anomalous Nernst
voltage Vane and Seebeck-driven anomalous Hall voltage
Vane-se of GdxFe10o-x alloy thin films.
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Fig. 9 Composition dependence of (a) absolute value of
anomalous Nernst coefficient |Sane|, second term |Sul,
and (b) ratio of Sane and Su (Su / Sane) of Gd<Feioo-x alloy
thin films.

M U 72 SNSRI ESHIE STz, 72, Sane & pane OFARLTT
PEZIRW TR SRR FERRIZZE T,  [Sane| & | pare | ORISR
DIUEADSE TS, ZNHDZ EDDARETHWE=T BV
77 A GdFe 7 = UEiHA SRRV T HRE R —VR L R
AN A NIRRT DD LB BND. 22T, HPE pu
% b ORI R\ TR AL & RN 2 T & 5 B
FAR— R X 0 B RV A NEIE Vane HVE U DR AARE
35, @RI D EFEHARE AR T 25 -2 7OV T L3 T
FHENELHE—_y 7 & i3 IR D L H 1B DD,

38 Transaction of the Magnetics Society of Japan (Special Issues) Vol.7, No.1, 2023



. SSE
i (VD) = — 0 Vi T= — —V, T

XX

(10)

(102 BAAREIRDB— o 7458 Sse, BRAETIE po ZHIN
% &, ENENOMBUTE T idE 13 80 ~ 250 mA/em? & FfEL
b, Fi, By V8 i 12K DB RV
LA UDEE Varese (F5E HWTHAED Hivd.

V AHE-SE = Paug i E W 11
it 8.1 TRO7-EHE AR A NEE Vane & Vanese ORARIFNE:
% Fig. 81T, WITNOREHZBWTY, | Vanel = [Vauese T
HhH. DT e, TEALTZ 7 X GdFe 7 =V RESSHIRIC
TR E 52 1355 CH Q) U5 ISR 3 2R VE
Lo EEZDLND.

Wi, THEALT 7 A GdFe 7 = ) BRI 5 B
N A MEER Sane & Q)AL IA Sy OFBERSTEAT S . B
R VEHEE pare &, B—y 755 Sse, BRIEHTEE po W
TUEL Y BHRIZIT D Sn Zskedi=.

p
Sp, -AHE
pXX

(12)

Sy = TPAEOxx T T

|Sane | & | Su| DFBAKFNEE Fig. 9 @IZRT. Sane B L
SulE Gd Mk x = 20 at. % TIEE BIZIETH Y, 30=x=60
at. % TlLE BIZATHD. T78b5 Sane & SulTFRZE(LIZ
PRV O SRR, 22T, Su & Sane OFIKTT
AT 5 &, Fig. 9 OIWTRLIZE 91, WHFhoiEizk
WTH Si/Sane X 13 %A ETH Y, SuldW I okt T
LIFETDHESZAD. ZOZ LG, TENLT 7 A GdFe
7 = UG R B oL A RERB Q) RUHE S

56, SANE (2 St = — panpos |\ JELAT B EE RV A NI DOE
G3gEns Bz N5, —J7, RU @ADL Lo
A, S/ Sane WHERRIKAFEZ RO Z &b, FARRZLT D S
DFGHH Y ST TANARAFT D Z LB HERI S D 73,
A DRI & BB IZ SN TIIHRE R AL ETH 5.

5. F&H

TENT 7 A GdFe 7 = UBHESESHERIIST DR
NWRADO B RV ROFEEALINCTHZ L AR E L
7o, BOT®), BT L OETREREISU B D W E 50|
ARSI & FHE « BiptatT o7 787 7 A GdFewor 7
= U BEHES-SHIR 0\ N C, TR AL A FUIN U7 BRORREIE AN
6 LOERAER A FIIN U TZBROMEEIE VA1, TERRORM Y Maet
Db ATV ¥ AR % B U - ISR E 2 R L. T
DOFERIND BH L A MEEL Sane & B R—/VBH TR pane
EROT=E A, T & SaANe & pare [ FREEOR R
R ZOZEINSTELT 7 A GdFe 7 = V) A4
2T DHEF T A MR L BE R — /LRSI THEBIA A B 4T

WIZ, B—y VBRI LD BE R — VSRR 2 B
NV ARG Si D Sane ~DOFEAIOWTHET L7z, SildE—x
o 7R, BRI, BIOEE R —URITERL » RfEL o7
St DRFRAKATE & Sane ORI EZ G5 &, Suld\ g
LML T HAATE L, MBI Sane & RERDF 5
BleaR L. £, Gd MRS & VR T Su 2332
MTHDZENbhrolz. TNHDZEND, TEALT 7
2 GdFe 7 = U BatE B & HIEIZ BT, pane DIFEICL D R
WRIL A NBENEUSALZ L AR LT

BB KR —IRIE, JSPS BHFE (21K04184) D BRI L
NiT-o7-.
References

1) X. L. Shi, J. Zou, and Z. G. Chen: Chem. Rev., 120,
7399-7515 (2020).

2) M. Mizuguchi, and S. Nakatsuji: Sei Technol Adv Mater.,
20, 1, 262—275(2019).

3) Y. Sakuraba, K. Hasegawa, M. Mizuguchi, T. Kubota, S.
Mizukami, T. Miyazaki, and K. Takanshi: Appl Phys.
Express., 6, 033003 (2013).

4) H. Narita, M. Ikhlas, M. Kimata, A. A. Nugroho, S.
Nakatsuji, and Y. Otani: Appl Phys. Lett., 111, 202404
(2017).

5) K. Uchida, and R. Iguchi: . Phys. Soc. Jpn., 90, 122001
(2021).

6) W. Zhou, K. Yamamoto, A. Miura, R. Iguchi, Y. Miura, K.
Uchida, and Y. Sakuraba: Nat. Mater., 20, 463 — 467 (2021).

7)  A.W. Smith: Phys. Rev., 33, 295-306 (1911).

8) T. Miyasato, N. Abe, T. Fujii, A. Asamitsu, S. Onose, N.
Nagaosa, and Y. Tokura: Phys. Rev. Lett., 99, 086602 (2007).

9) R.Ramos, M. H. Aguirre, A. Anadén, J. Blasco, I. Lucas, K.
Uchida, P. A. Algarabel, L. Morellén, E. Saitoh, and M. R.
Ibarra: Phys. Rev. B., 90, 054422 (2014).

10) R. Ramos, P. Wongjom, R. Iguchi, A. Yagmur, Z. Qiu, S.
Pinitsoontorn, K. Uchida, and E. Saitoh: J. Magn. Magn.
Mater., 447, 134-138 (2018).

11) M. Ikhlas, T. Tomita, T. Koretsune, M. Suzuki, D. Nishio-
Hamane, R. Arita, Y. Otani, and S. Nakatsuji: Nat. Phys.,
13, 1085 —1090 (2017).

12) S. N. Guin, K. Manna, J. Noky, S. J. Watzman, C. Fu, N.
Kumar, W. Schnelle, C. Shekhar, Y. Sun, J. Gooth, and C.
Felser: NPG Asia Mater., 11, 16 (2019).

13) T. Chen, T. Tomita, S. Minami, M. Fu, T. Koretsune, M.
Kitatani, M. Ikhlas, D. Nishio-Hamane, R. Ishii, F. Ishii, R.
Arita, and S. Nakatsuji: Nat. Commun., 12, 572 (2021).

14) J.Hu, Y. Zhang, X. Huo, N. Li, S. Liu, D. Yu, J. P. Ansermet,
S. Granville, and H. Yu: /IEEE Magn. Lett., 18, 4503605
(2022).

15) J. Weischenberg, J. Weischenberg, F. Freimuth, S. Blugel,
and Y. Mokrousov: Phys. Rev. B., 87, 060406 (2013).

16) K. Hasegawa, M. Mizuguchi, Y. Sakuraba, T. Kamada, T.
Kojima, T. Kubota, S, Mizukami, T. Miyazaki, and K.
Takanashi: Appl. Phys. Lett., 106, 252405 (2015).

17) K. Uchida, T. Kikkawa, T. Seki, T. Oyake, J. Shiomi, Z. Qiu,
K. Takanashi, and E. Saitoh: Phys. Rev. B., 92, 094414
(2015).

18) R. Ando, T. Komine, and Y. Hasegawa: J. Elec. Mater., 45, 1,
3570-3575 (2016).

19) T. C. Chuang, P. L. Su, P. H. Wu, and S. Y. Huang: Phys.
Rev. B, 96, 174406 (2017).

20) R.Ando, T. Komine: AIPAdv., 8, 056326 (2018).

202211 A14H2HE, 20234543 A 1 BiReR

Transaction of the Magnetics Society of Japan (Special Issues) Vol.7, No.1, 2023 39





