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Abstract

The spin Seebeck effect (SSE), as a way to generate pure spin current, has broad application pros-
pects in information transmission, storage and new energy development and waste heat utiliza-
tion, but the resulting spin current is weak. In the ferromagnetic insulator yttrium garnet (YIG),
the SSE produces a longer spin-flow relaxation time and is less susceptible to contamination by
other effects. Therefore, it is particularly important to study the propagation of spin current gen-
erated by SSE in YIG. This paper mainly summarizes the research status of STE-generated spin
currents in YIG/Pt heterojunctions from two parts. On the one hand, it is the theoretical mechan-
ism of the generation and propagation of spin current in the YIG/Pt heterojunction, which is
mainly described from the two aspects of the magnon model and the magnon-phonon interaction.
The other part is to improve the spin-mixed conduction by modifying the YIG/Pt interface, thereby
increasing the spin current detected in Pt.
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1. 5|8

T B A A E e AN 4ERE, BT RS RS BRI, AT B FAR X — 4R R B 44
HERRRR, A L e — 45 B fO SR AR B/ o B BH AR (GMIR) B T8 il L B 35508 (TMIR) LA B i
BEATLAF-fifs 2 (MRAM) (19 & LA R FH AR R FIHES) T B e T 22 R S, FER T4 AE N — T TR I 2E X2
BHERF T BE5 FEAH BAEF R 6808 B IR 2 DL A e Q0 AS & B L7 s s 1 T8 XA 0 A B
FERE AL EEZNE L. M TEGE TR, BT AEEBRAIRRE, B 5% T SR
SERERE S SR . BT E AR AR BEARMSANE 5 e AR A, EEH T
(ORI AR AT )2 B AT 5

W 5E R0 R B e B 722 28 B AN T X B e B 7T, B BB PR AR R R R e H T A
AU RO R, B T AR B R B 77 N E SR AN, (spin Pumping effect)s  F BEEE /KRN (spin
Hall effect)F1 [ it 2€ U1 523505 (spin Seebeck effect) [17[2] [3], 2 Hil A& F Wi H I AT HAGA SR 77 A IR
BEW o ASSCIRAIWE 7T A5 55 7E e 28 U1 70 % Mi(SSE), [ e 2E D1 7 RS AT+ 4E R R i 2 —, HE
B RIE T HAE B e i 73500 PR AR ISR F LR RIS 20 b (RS (E PR . SSE 42 K. Uchida 55 A
T URAE Nig Feyo/Pt XUZBEFULINE], )5 C. M. Jaworski 7E2kH; 1 S44& GaMnAs 1, K. Uchida 7£ 8R4
GARER AR YsFesOn (YIG) [3] [4] [S1h 35Ul 2 B e 2E DUse N . 3 JLAE, 78 RERBERT R NiO .
0-Fe;O05+ IrMn %5 SZRREM B U 2] SSE, X 68 SSE | Z AFELE T &R k(6] [7] [8] [9] [10].
E AR SSE S i KT8k 4, BRI — RN FI I 0 B TR LE YIG/Pt XUZ Z5 44, 32 B Jt (A2
YIG MIBHJEAEHAL, BBEMAE YIG " L3RR g, JF H %A V1 A8 ke RS (PNE)FH R 5 R 114 248
(ANE) %5 HoAth 4 B RN 135 G o

AR SCETE LR JUAEB 4 R AR [ 5E 28 DL e RN AE YIG/Pt J s R ek . (s —ikoy, N7
BREE G IR AV G B AR P R OR [E] () R . FESE EB R T ERE RN . WA FEE RN .
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Figure 1. (a) An illustration of a pure charge current, the same number of spin-up
and spin-down electrons move in the same direction. This leads to a net charge

current density j, ,while the spin current density j; vanishes. (b) An illustra-

tion of a pure spin current, the same number of spin-up and spin-down electrons
move in the opposite direction. This leads to a net spin current density j;, while

the charge current density j, vanishes

E 1. () 4BERNTEE, FENERE LLNEFMERETHEFHE
BRI SRED. XSHEE—MPRETREE |, MARRBE | HX.
(b) EEERNRER, FE0BHEE LRBFMBERER TR FHEHERER
AEER. XSBFE—NMFERREE |, MEFREE |, HE

PR GAETAAEAEAE TR, BT DUEE B B e s8R+ CLAEP 7 1 77 NIR3h . B ek
S TS —FEERBUR . BB SR — NNl H, SHGES HPATHESIR, e, #
JR PR MRS H AE—AN AR L, BiEE# H AE¥BSAdEs). 8isdc8iEH S 5k
ARG, R —A B IEARR TR T7 mERL, AR R B e T X A AL, A RGO IR
EREE), KFEMATA T BN, & 2(a) R 2(b) 53 il A — 4 J5 14 B e i An AR B[ 13] [14]
[15].
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Figure 2. Spin wave of a one-atomic chain in (a) side view and (b) top view

B 2. () —HRFHEBEKMUAE (b) —HRTHBERIFILE

3. BEREENRTHNEHEBXBN
3.1. BiEERHMN S B EE R

D’Yakonov Fl Perel T 1971 S R UM 1 H e /K N.(SHE)IATAE, SHE $8 28 A T M
Mgl F IR = A, Y SRR G R B R AT[16]. 16T SHE $2H T A F LS. —Ff
AT E R BRI EBER R BT EUR AR . AR R TR 5, X W AE SSE ML, B
LR BT aE Bl E FEPIE AR AR RUARXR RO 17] [18] [19]. W&l 3(a), 7E SHE o, Hf#™ 4 H
FER IR N2

. h,
is =0y (_Zjlq xS (1)

FEIXH jo FoR HE L, j, Fom AR E R, s RomARETTM, Oy, Fom BIEE/RM, MR
WL YL, BBk T B AR SSHUN RN RN 380 H e /RN (ISHE) 2 SHE HIIERUN[20], 4n P 3(b),
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Figure 3. (a) The spin Hall effect converts the charge current density j, into a pure spin current
density j, with a spin direction of s. (b) The inverse spin Hall effect converts the pure spin
current density j; with the spin direction s into the charge current density j,

3.(a) BIREERMAGEFTERER j, HiRABIEAEA s WABIEREE j;. (b) %8
EERYBEBBRAE s WABRRERE j FUABTERERE |,

3.2. BIEENRHR

FE VU SE N AR A SARTCE TR BEBE Lo P A e . AR 28 IS R4 S 2o, 2 RBUE XN
7 R U SR 22 Y AR, F SO SR A T LT R DR [21] . T 2E UL S RN R ) R AE R B A
oheR] DL R it AR B A E B, RN R S HETE A RO BRI, SSE R T HIRRIE A BIRNZ
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Figure 4. (a) Longitudinal spin Seebeck effect and inverse spin-Hall effect, E,

ISHE

« VI. He M
and j; denote the electric fields, temperature gradient, magnetic field, magnetization vector,

and spatial direction of the thermally generated spin current, respectively. (b) Schematic illustra-
tions of the anomalous Nernst effect [22]

B 4. () PEIEHEENRYNFLEBREERBBL, Egy o VIV He M j S RIRTRFE
HBEIERAERY. REMHE. 7. BURKENMBER. (b) REENFNREE22]

PRI SSE FEEA WA SLIn R B, 4 @M [ g 2E D5 (TSSE) 2 B AN ) [ i %€ D1 5 (LSSE) R [ 1]
[2][3][22]. Wi 5(b)Afi7, fE TSSE $&E H il RS BBy MAH BB, SSE A w2 fEix —4514
HHORIL, AESRTERE IR B, BT TR S A 0 RSN A S AR — AN G\ ) i B R R [23]
HAI7E SSE SE3Hh A sein st B R Mm% E, W S(a)fiR. LSSE 5/ N #, TR\ M i 4t i+
TREERE S B e T 7 °PAT .
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Figure 5. (a) Schematic illustrations of the Longitudinal heating Device for spin Seebeck Effect. (b)
Schematic illustrations of the transverse heating Device for spin Seebeck Effect [22]

E 5. () BRENEYIEAEMBREREE. (b) BRENEYNEEMEEEREE22]

i 40)Fas, BT R BEITRESUR(ANE)-S5 A 1) [ e 2€ DL 5a 208 54 A0 [ 1 25 1 2828, I SSE
HI RS 5 I W] 38k G (1 52 31 ANE 155 1075 3%, % B @ 28 DL 5 208 MR BRITTARE 2800 Hh 43 B 02 24 4 it
TR [24] [25]. TEYNIA] NiFe/Pt £5F0H3di A\ NiO JZHERR T NiFe #1575 BERAS 20N LA K Pt FRREIL A8 3L
N5 Y261, 27 TH W C R YIG ' ANE XAl SSE HiJE [ 520 n] L 2B ANiH[27] [28] [29]

4. YIG/Pt B[R4 SSE =4 5 BERIELHR
4.1. BiRFER
4.1.1. HEERZETF FMIUNM RE
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FEMER 5

2010 4F, J. Xiao %51 INFEMEMEA S04k YIG HHOWLI 2 SSE, ER] [ 4 3 7 HIAAAE IR/ 2 SSE 1
WEFAF[5]. J. Xiao B U FHUH FR 1R T PR 79K 30 SSE 52284[30]. Wil 6 FizR. I TE:ELZ(FM)
JZH HIRER T 5 AR R Z (NM) )2 1A% 5l X A AN R R N, Fri shFERCe BT &1, FM 22
MARTIRE T, 5 NM 2 A 8E R FIRE T, KA FE SR T FM JZ IR BRI NM 2 A 7S 31,
FM JZ KIREAL B ZhBR 5 F BTN FM 2 NM 2, X—HRERRELT T, . BT NM Z g
FAFAE, EBERH NM Zin FM 2R E TE R,  H e[RRI/ IE T NM ZE o 20k 5 iR
FET . FEXNBEFERIKANN:
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Figure 6. Spin pumping current I, and fluctuating spin current I
in SSE [30]
[ 6. SSE Hh BRER MM S B iEELR R EE[30]

TEX A RBIR T, ¢ REAMRAHES, K, RBUREEHH, V,, RUAHTAR 8 R
R/ MEKH T FM 2= R ROk IR T, 5 NM 2R G RE FBRFIRET, .

H. Adachi 7ERMEL S Ak b Al A VE M R B0 58 38 1 OX —ARAL, JFRH 1 RS IEEAN SRR A iz
N, A7 FoR[32]. JREEREANDEREN P, BIE « F, M FZEJFERESLHR, FJES N ER
M ZE IR B AR 7 R IBEN o AR B e RN :

N o_ Nint‘]szdSOZNTsf
L= 2211 (3N/a)’ 7K (T =T ®

N, BRI B J,, B FM/NM S s-d 2B & S, R R E RN, «, B et g &,
Ay R EUES BB, gy AL 2R

M F 5 N REMEIR, B THR AR, BlieiiEk, B CRE7 SEARMRE YIG
JRE B2 ) Pt B TR ANAFAE IR Z2 1 200 AEARRI B RIEANL B o, Ty v Ty B Ty A $AVE AT HR,
TR T RS2 R T A P S PR FEE s 58 T O 25 JR0 3 RPN, REAIR HETA A A% T X R B e N TR
[33]. EIERIIRANIN:

Ja- meJszdSOZNTs/
C8ar'n (A /a) a

T, R0 T, 53 ) R AR AT PR DX SR B, B IR (4 DK /N I BU Tl 2 v A 48 X3 i 2%

L. Chotorlishvili £ J. Xiao 1 H. Adachi B HIFERNE -, - T E R KNS SN NG AL 17 53
PEG IR [34].  H S BE B REIR TR AT e i R, LRI B A G R 5 1 S A P 8 o T 35
[ BN IR B T 2 P e 8 B AN AE AR S IR BE VS Bl N R, SISm0, e o 7 B 1 5 S AR 72 K
WA SN (3G 5, 2R PR B B S  SE IO R AT . GRS ) S R RLSIE N T RS s, e

7Ky (T -T,) (6)
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Tni=Tg1= T Ty =Tpa =Ty T3 =Tp3=T;

Figure 7. Feynman diagrams expressing the spin current
injected from the ferromagnet (FM) to the nonmagnetic
metals (NM). The thin solid lines with arrows (bold lines
without arrows) represent electron propagators (magnon
propagators) [33]

B 7. NSEEEMBIFE#HEERBNM B BIERES
B, HEKIAELCRBE R KRB FEEG
RF1RIB) [33]

4.1.2. BRER~ETF FMI
W 4h—Pf LSSE #i#Y, YU NTE FMI/NM {6 & 1, LSSE #2i T S EiEE S0 H 5 TA A% AN
ERRETR TR, R T REIR T B A T S AR A, (HFE FMI 5 NM 28, PURIIE H et
HIELEVE[35]. FM 2 HIHER T B BEioN:
Jf@@:-{ivyr—n?ﬂAeﬂn+n?ﬂBaﬂ% 7

BB N A FE X AR T BETR IR, S R 4 B TR T BRI = AR S R . D,
NHR T B RE, 1, = ‘/Dmrmp RUIRTY KL, Hd e, ABRT - B TR IR . 4 F1 B
FMI/PM 45 ¥4 1130 546441k 58 . EMI/PM 51 ORGSR T 1 @i a5 A -

z BIBS N
JL(0)=—F—25__pellyr 8
O G v
PO cosh(tF/lm)—l . . M s gt e v
F 5MELE S TEREFESC, ,0=W 5 FIRBREMRIRER, g, NHUERREGHT.

B, (n=0. 1. 2. S)S5EEFIRAR T b RIAH . X — A AT LR SSE 5 FMI JZ 1 JE FE M55 & A
TRERI R R

TEfmREA T, BT PYYIG XUZ S5 #h LSSE 5% 5 B RIS R, 1EIL50 b e R 145
A T EAER, W& 8(a) A 8(b)FTn[36]. TE 300 K~5 K I/ v Fl P it in s id 3z 40 LSSE 1%,
B PUYIG S5 AR FE PRI, XA 3G 5, I EAER—IRE N, YIG8)E, Frillfsr) SSE MIE(E
SRR, REUEAMBLR 74 LSSE $@ it — AR BTk, 1Mk SR 7. LSSE 155 KB K%
YIG 5B s, AR P RER T B B BRI K, SSE AU F e % 80k 5 AR T X 40
EHAERENRR.

4.2. HiRT - FTFHEEER

BN BRI AR T SSE (7 BN, iRl 1 UAMRLIR TAR A, (EIX LR AR T AL E AR SSE
7= AL WL AT A il IEMBATHR, 757 ST 2 B A b ik T, EREVER R, RRIR
T(EBRPERBIO WSS B RIS . WM TR B A h A R A e T, JF H T A& 78
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— IR AW, BUEBRRLA S kb SSE 177 AE ML I 70 B2 sS EREIR T - A P& [37] [38] [39].
BRI FE R, kR Xt BRI A AR IR AL A T DAY [ 8 FRRE, X PR T VE M RR O 7R 2 @ ZR T (ASP),
PR & SSE MFEHRSEANWI[40] o ASP (1 FE AL i) e 20 ik i 5301 P 2850 I H48 A i e (P 1) R @ i (R ) )
e, BIRT BTEIRMA BN AR B R RLR T - 75 ARG B e BT AR T I R iR R AR R 1
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Figure 8. (a) H dependence of V' in the Pt/YIG-slab sample at
T'=300 K for various values of VT .(b) t,, dependence of

S atT=300K [36]

[# 8. (a) T=300 K Bf PY/YIG #@A VARG T H {K#H
. (b) T=300 K BF S X ¢,,, BIIREIRFR[36]

4.2.1. HEFNHERT - FFREER

PR A% SSE P AE NI — /N Sl 2 BEAR B e - SRS A BARE A, BNREIR T - 5T IR
G o HEHR T A EHEE S MBUR BTG, TR SRS E 7. BAVI7ERE A PYYIG 45849+, SSE
(7= AR MU N R A4 2% P rp I 1 RN S 1 7R IR B R B2 A7 AR 22 . M. Agrawal K F A HLIH K
SSH(BLS) G 28 I FH R ) s 3 2% ] SR 3l A PRy A AS 3 -, I SRR T IR T, [RIP A 204 (IR)AH AL
M BT ROA R, RIS TR T, B R A, RSN &N 9(a) AN 9(b)Frs[41].

(a) Probing
laser

light 1
R T

Scattered e B
light

Infrared (b)
camera

Peltier element o 280 - ‘ - 400
— Temperature (K)
Figure 9. (a) Two Peltier elements are placed at both ends of YIG/GGG to produce a
transverse temperature gradient. The temperature of the magneto is measured by BLS,

and the thermal image of the system is obtained by infrared camera. (b) Infrared im-
age of the YIG film shown in (a) [41]

& 9. (a) AMIERIGERLE YIG/GGG MR~ E — MEGARGREWE, BLS 3k
MEHIRTHNEE, FAIIMBEGVIFEBSRSENAEEZ. (b) (2 YIG EEMLT
SNEE41]

MELERRY], F PR YIG KT M A28 S, EE YIG MR T &, Bk 10
FE TR, X2 W T IR T AT I RS T RS RIWAALSRIE . BORBENR TR K S T A el
IR REAAE 9 ME— AR B OGO B, (H R BT OR B WAL . SR IR T 0 7T DL TR 9 IR 1
FET, BB E. 7P T, AELIR TR T, Hh 5 1 BUR R IR (BSM) AR 2l 5 434 1) = 22 T 2oL 15 o
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B, R0 YIG BRI B RS, T, M T, Z IR KEROONT, 1 2.8%, SERTHUIAHR[42].
AT 388 P 19 T8 2 DL e S 2 1 7 A DAL PR T B R e P R 1 A TR R R R B AP E IR, X
—WELERRWRARMESR . 5 M AR GIR TRE S ESRART, =T,(K,) » FFERIRT
IR A ) DX AT AR ST RERS 7 AR B e ZE DL RN T, RN T, 2 IR 22 5 [43]. IXRH], 55EHTH
IR, 70 A3 EREAIR T WK T Bl 9 AR T 512 1 SSE Fh R 715 7 Tl E 2 (A AN T 48 o

4.2.2. BT —HRTIIREH

P. A. Deymier S5 NWFTT 1 H A PIFMRESRIERE & T2 s BRRE A I 22 i — ZE MO, #8011 75 1 ARG
PR IRV [44]0 IF HAEZ REZMILEIR AR, 08T 17 B B B H B2 B bRl BRI D9 s 1y IOUF) 15
DUT BARZRIE R 7 - BAIR A ELAE o ERXAEOL T, — AN T 5 A REIR T IR R A EZHLH
B X 0 BIOR AR (M IR T 75 1 AR TS0 B IR (K7 05 SRR 7 AP AT 2 MEAT T AR
TR AR - R 53 300 «

o (k)= 0} (k) - K* 25! [ P(K)] ©)
40
of (k)= o, (k) + & L 73 [P(K)O(K)], (10)

Eﬁ%%ﬁ@%&ﬁﬁﬁﬁ%ﬁ,%%¥ﬂ%?WW&z%ﬁ%JE,%ﬁ%ﬁ%ﬁ%m%¥
m

AIFE T HIHRIE, P Q)73 7 A& AU R B, Ros N

Pk)- sin (2ka)—2sin (ka) (11

ka ka
in® (ka)—sin®| — |- psin| —
sin” (ka ) —sin ( j psm( )

_ sin(2ka)-2sin(ka)
O - () pn[2)
1 (cos(ka) - cos (2ka) sin(ka) + psin[’;"j(sm(zka)_sin(ka))
m{?j

%%%%p=%ﬂw,K%*¢E%ﬁ%,Q%ﬁ%%ﬁ%%ZﬁﬁmiﬁﬁMo
0
—5
h z
R A RN e A e A A LR 2 P T — B AR T 6 ELBE A
BT, BT — SRR TR TN . B R A 7R R T T AR T (S B MR
RIS % ol = o I, A 2 (075 TR TS0

(12)

X

8 0 np2
” 2 —s,B
, oy tay 1 o 2\ R Z ,
0] —Tia\/(a)o —a)o) + - @, (13)

fEIX B B = 4K, Sy sin(ka) , K, RIERIH S BT T SMBRIZ LI F AR RIS, et RS
KT WA BRE AT R T AR LN RGERIAT Iy AN IR 18 351 0k ] 5 AT F 5 2 AR A vl DA SR 18

DOI: 10.12677/cmp.2020.93006 50 EEREYH R


https://doi.org/10.12677/cmp.2020.93006

RGAIIRTTFI25), NI LSRN F) 5 P2 B 5 75 R (R B n i #0441

4.2.3. BIRFRLT

T N 7 - 2 [R EIARS A SRUR T A E St A b ) B e RGE AR ELAE F . AR - RROAE B A R RN A2 i L
YER[45]0 IXFRRA A IR 5 B AE R AR G IR 7N S T EL B A8 U IR B K o TEAS X3, RS HIbrRitE
B A P A A REVE R B S e 1Y), TR X PR AR VR & . IX R & 5 BUR A RER T 1 TR U
TERL, FRONBER T AL F[46] [47]

Takashi Kikkawa ZEU1/ 10(a)Fi7n i PYYIG/GGG &5 K4 Fp A 2 7 AR IE BTl B A5 5 B 7 3
U, SE IR T - A TR ARG ORRRE T SRR S5 (48], UG sEE, T ESM IR, HiRT
R I ST A S, TEE 100 Pl VB R, M H < H,,, WERTEOBhZs TA-F 7ol
AP, M H=H,, WRTFOEINLES TA-BFaihZMy), U H>H,, BERTaihgs
TA-75 T B 28 B B AE p H = H,, =2.6T 4, MIL—DFH &, FRAEE 10(c) bl LLE B
UH = Hy =937 (b LR g . I v DURITE AR+ - 75 I S /E R 5% SSE KM E(ES, #H
i(i=0, 1, )RR T RS TALA)S T ERITZ A S, MR BEEGES V(1) >V (2)>V(0).

(b) et HeHw o ek (€)
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= magnen 26T £ phonon -
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Figure 10. (a) The longitudinal SSE in the Pt/YIG/GGG sample, the close-up of the upper (lower) right shows a schematic
illustration of a propagating magnon and TA (LA) phonon. (b) Magnon and TA-phonon dispersion relations for YIG when
H<H,, H=H,, H>H,. Vg, ofthePt/YIG/GGG sample for AT=1.73 K at T'= 50 K for —6.0T < y,H <6.0T .

(c) Magnon, TA-phonon, and LA-phonon dispersion relations for YIG when H<H,,, H=H,,, H>H,,. V, ofthe
Pt/YIG/GGG sample for AT=1.73 Kat T=50K for —10.07 < y4,H <10.0T [48]

[ 10. (a) #h[E SSE 1, PYYIG/GGG Z#REE, A LA (TH)ERTHIRFM TALAEFRERREE. Ob) &
YIG F, BiiRFINETHGCMXREH <H, , H=H,,, H>H, R%F -6.0T < u,H <6.0T , f£ T=50K, AT=1.73

K PYYIG/GGG ¥ u H 5 VIHHIXFR. (c) #iRT, TAET, LABTGMEAREH<H,,, H=H,, , H>H,,
B3F -10.0T < u,H <10.0T , FET=50K, AT=1.73K PvYIG/GGG ¥&H u,H 5 V(H)EIF*F[48]

ST EIEFEVUSE RAL S, Hyg A1 Hyp g A0 0PN AN [ DR FE AR, HEy AL P 05 B 5 0 T2 D AR K B
SIGHE, (E T<10 KN, Hp, AbHUEERE 35 76 T 1 PR s o IR RINFE H = Hyy M H = H 73301
AN AR FERE R R R ERART-LA 75138 5 MHE B G & M RR T MO goR s M, S8 Hyy
B IS T Abiy S WEiH 2k . [RIE, SSE W] DABEHRIN BIAMUA R BEAR T3 1%, 10 K B30 J1%:[44] [49].
5. 128 YIG/Pt RHBRERESES
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PR R N REAE SE PR BT P TIAR AN ERAE, O HCR SR T R AL . B e 2E DL e R ™
Az R/ T LR AR R E[30]:

v O pg ekl (14)
M-V, A
TEIX B p SRR T-F FIRERIEL, 6, RAEERM, p RHHZE, g RARRAMES, y 2
BiLL, e SEHLT LM, ky RIURZZBHE, [RBN SRR, M RWHEAGRE, V, R Tk
L, A RYBENYE S A0SR 2 T 2 R B A T A
P e FE D15 AN ) — A B S il R A R SR A AN AR R G ST R BER A A R[50] [51].
FEIX IR AIBIEAE PUYIG S5 BASE . - SRR BB R IE R PUYIG 5 45 (10 A e iR &
e RN A TR, M 18 5 e 2 DL 5 R

5.1. £ P/YIG FiAE Fe B

Y. Iwasaki S5 T Vg M g, XHHBA Fe J2 BRAKIGR R, K 0.3 nm JF[] Fe i PYBi:YIG JZ
Ny, AR HACRIA B, WA 11(a)FiR[52]. T g, T BLERE BUR A kAT o 5
_ 23nM,yd,

8, —(WFI/PM _WFI) (15)
gHpW

Mg ys dps g pp B0 WSS BRMBARELSRE . FERALL. BiYIG MEMEE . ¢ T BURBETFI5
BN . Wyp W, 53502 PY/Fe/Bi:YIG/SGGG I Bi:YIG/SGGG ] FMR il 5ifE AH. ] 11(b)
R TR FMR 1061, [RIRPT A S H /N A T84, T [l e 7€ f =9.44 GHz .
Bi:YIG/SGGG .~ 1 4 ) FMR Y63 55 & w, & 11(b) 4G R AR . 78 Bi:YIG 2 _EVIRHZR, FMR
TG TEEHEOR, 24d A 0.3 nm Fe )25, FMR D635 96 B2 — 10 K o 8 i K ax S8 00 2 1) 56 BEAR N TT AR(15),
ATLMGE] g, o B DU TIEE A A E TR R EREZ T DR AR A S, IS s B im0
N

(a) (b)
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Figure 11. (a) Fine dotted lines and thick dotted lines represent the size of Vssg measured in Pt/Bi:YIG/SGG and
Pt/Fe (0.3 nm)/Bi:YIG/SGG structures, respectively. (b) FMR spectra of Bi:YIG/SGGG, Pt/Bi:YIG/SGG Pt/Fe (0.3
nm)/Bi:YIG/SGGG in plane and in-plane magnetic fields [52]

B 11. () dHEELEFIHELZE 2K PYBi:YIG/SGGG 1 Pt/Fe(0.3 nm)/Bi:YIG/SGGG 45447 ATl 1 Vege HIK
/INo (b) “FIHIN4MEY Bi:YIG/SGGG- Pt/Bi:YIG/SGGG 1 Pt/Fe(0.3 nm)/Bi:YIG/SGGG ] FMR Jti£[52]

5.2. £ Pt/YIG H3ANE NigFey B

DOI: 10.12677/cmp.2020.93006 52 EEREYH R


https://doi.org/10.12677/cmp.2020.93006

FEMER 5

NiFe /& — Pt (ki g, BN R0 — MAEVR R —J7 18451, 0.355 nm (103275 NiFe
TSRS A 18 pg/mm®. Hiromi Yuasa 257E YIG(1 mm)/Pt(5 nm) %t F1 A3 A 0.6 nm JZ NigoFen )2, 0
K 12(a)fT. L% bulk-YIG/Pt (5 nm)-5 bulk-YIG/NiFe (0.6 nm)/Pt(5 nm)ff] V-H HiZE v %1, £ AT=13K
M AT =18 K T, A 0.6 nm [ Ni8OFe20 ## /2 J5, HIe%E IR 1 2.1 5, Wikl 12(b) &

12(c)Fr7s[53]5
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Figure 12. (a) Schematic image of sample structure and measurement configuration. (b) Generated voltage V'
dependence on a magnetic field A for bulk YIG/Pt 5 nm and bulk YIG/NiFe 0.6 nm/Pt 5 nm when AT was 13 K
and 18 K [53]

E 12. (a) HREHWENELERERE. (b) £ AT =13 K # AT = 18 K T, bulk-YIG/Pt (5 nm)#
bulk-YIG/NiFe (0.6 nm)/Pt(5 nm)BY V-H BiZk[53]

K 13(a) 5K 13(b)7R 1 SSE R S SRR & FE MK R, —TJ71H NiFe FIHTAR R 1 #HE
WL, P 1AV S ARMEE B SR AL A IR A . ST, BEF NiFe (02 S INE 0.6 nm 5,
H i€ Seebeck ZEL S J/IN. XAZRIVEIE I G EFEAC 7RG AP, ARIERRUER, P A
JEFRAG, WAFEZSFEAE NiFe 24 0.6 nm Abik BIWIAI[54]. W ERREL S 2 5 4 8 J2 2 A) i b (0 Rl e 2
M 5w At B R &1 T — MR L, W@ B LR &E E R X B e 1
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Figure 13. (a) Spin Seebeck coefficient S dependence on the inserted
NiFe thickness. (b) Behaviors of the magnetic moment density and the
resistivity when NiFe thickness is changed, and schematic illustrations
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of NiFe coverage [53]
13. (a) BREENZHEZH S SN NiFe EERXR.(b) 2T NiFe
EE RS E BT LF NiFe B SeEREE[53]

5.3. £ Pt/YIG HiENEC,0 B

Th 4% m) e R LE R 5 YIG/Pt £544 i) LSSE A HEAE A o B 7R L&) & a1 R4k, YIG R )
HE ELE S ) R R (PMA) 20 H iedifiis, MImsZm LSSE 17 4. HT YIG ) PMA £ YIG 5H ek
FHEE Ak o ] B8 R A U, TE LA AR (YIG) R4 & (PO Z A1 JTAN Cop - SR AL IF [ i€ - 5 R AT v 851 28)
[54]o EBEIRAE Coo HABKMP BKE, KZ1N 100 nm, HHLAFE Coo FIAFAERT LLELFE YIG/Pt L1
1 H e &S .

Das 7E YIG 1 Pt 2 [A]46 N\ 5 nm [1) Cyo )25, YIG/Pt ] LSSE HLE H 150 nV BEH1E] 240 nV [54].
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Figure 14. The magnetic field dependence of LSSE voltage taken at 300 K for the temperature gradient of 1
K in the (a) YIG/Pt and (b) YIG/Cyy/Pt systems [54]

14. (a) YIG/Pt #(b) YIG/Cy/Pt G+, HBEHEAN | KK, 7£ 300 K B, LSSE HEAIFEIAKER
4 [54]

5.4. £ PYYIG FIEANE NiO B

Weiwei Lin ZiRIEAE NM/YIG FHH A NiO 82, SSE HIEESH —IMEKIRS, HHEK
BRHE)Z Neel S FERUT, BTl B A5 518 BB RAE, @&l 15(a) [55]. 7 15(b)FIE 15(c)F T LAE S, H
T NiO [i#f N, Ta/NiO/YIG H Vg M{ES5H 7 RIRER S, HEHE Ta 5 Pt B HRIEEE/RA,
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FEMER 5

Ta/NiO/YIG H Vigyyp W15 55 PUNIO/YIG W HIAH S . FERXPIFESL T, NiO [ FREHIAFERRZ | ANE 15
5, MRARE SSEfES, Vg (858 THKIHRET . FIFR CoO [ kML HEN PYYIG JZ2 i T AR SE
BRI LR [56].
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Figure 15. (a) Thermal spin transport measurements. (b) The functions of Pt(3 nm)/YIG, Pt(3 nm)/NiO(1
nm)/YIG and Pt(3 nm)/NiO(1 nm)/SiOx/Si inverse spin Hall voltage V" and applied magnetic field H. The tem-
perature of the metal layer is about 303 K, and the temperature gradient across YIG is about 10 K/mm. (c)
Functions of Ta(3 nm)/YIG and Ta(3 nm)/NiO(1 nm)/YIG inverse spin Hall voltage 7 and external magnetic
field H [55]

B 15. (a) REEHEMNEREE. (b) Pt(3 nm)YIG. Pt(3 nm)/NiO(I nm)/YIG F1 Pt(3 nm)/NiO(1
nm)/SiOx/Si FEHIEE/RBE V 55MMHES H HEE. €BEMEELA N 303 K, Fil YIG WEMNEE
BREZA 10 K/mm. (c) Ta(3 nm)/YIG F1 Ta(3 nm)/NiO(1 nm)/YIG i B EE/REBEE V 55Mn#ii% H B9
#(55]

6. BESRE
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