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REBEHNLIBEF FesGeTe-CsBTBT 43 FaE B LIEIR
HE BEERBEE LR

FEiE D ﬁid\ﬁf,” ﬁiﬁ§ﬂi 1)2) %i?% 1 ﬁﬁd\ﬁqf”iéjﬁﬁk,nzﬁ
DEFEBERFZYERZERAZR, SEKF 830046)
(PRI REYIEFRE, K7b 410083)

3CHARs TR RFHME T S5MIEFR, Kb 410205)

HE

ETH-MEEEEZ KR (DFD 53EFE&ike s (NEGF) Tk,
ARSI IT T PR B A A R SRS SR K YRR R FesGeTe 5 A ML
73 Cs-BTBT MJELHI 737 REEGUK G, B AL 75 ARG & 0 X a1 B e
Az M RE RO RE ML o B FERR B, SRR G o B2 BE ELIES I S I I LA e A
H SIS T y: AROEM AN, SRR SR SMAG: eSS
BT, Harfeiae /) SR EERI. b TREERT RS 5 FaEAEME
AR ZR, MG TN ZRIW RS, FE RAERE (ZTy) M 0.71 32713
3.45, R, BT KILE RIRE & PT e B e BT & B oA, R B0Z
A E e B IRAEAS RIS S AR 0T IR B IR o A, B2 BB
Iy HL R AN o ACHIE TSI SR A TR BT, AR, AR E i i R Y
R AR L 7 BRI .

XHEiE: F—MFRE; FEBEEHE; BERAEMR; BIeREiE

PACS: 63.20.dk, 73.50.Lw, 85.75.-d, 72.25.-b

E&: WiaaRsszts GlS: 20221030049)  WIFAEE TROIES (S
21B0581) AIHTEELEE /K HIG X HABFATHRIE fOTH Gt S 2023D01D03) f5CHF

Til{E/E#& E-mail: mglong@csu.edu.cn
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1 5%

TEAERBETR R, FABEMIHSR 5 LUK, S AR K Hh S i RE IR V3 F R0 WAL
R, 20H 68.5%M AR A LLE R BRI, X R 4 4y Re U5 B4
WA PN IS IE ™ N RERIR 2% . Frl B E N LR RN K =
VLR SRS, SR SRR AW m, I 51 R 7™ IR I ) J 4 A I £
R R SRE MR OCHE. AT, A HERIER SEUE/RKER (Moore’s
Law) R FEF R —. BIELLEEIRE BRI N s R, R
TEAIARLKS R AT S RE B AL SR o TEURTS SR, #A AR 3L RE S 2
e B O AR, SRR — HARHR A T ACE I 7 1 B A2,

HLF ELA R AT B A P BRI o ERGTE Y SRR R, R AR IR
ZE BT DL S SO A R PR A SN s[RI, AT 9 RN B A e
Jii. E T4 (Spin caloritronics) i/ %: T HJiE i 7% 5 #0752 Wl K B
AR HTESURE, w BN B e SR B R, BT B e ZE DU RUN
SEARBIOHESL, FEANHEIN AN AT B SR A T, A T T i A FAR
TR 25, IERIIREN [ BE RN EARS . X M IR 5T U A 2 # DR
FEROR IR SRS 15T AR 5T R K 161,

FEFPEMAE R 2R, —4ibRl (2D materials) PRI H SR 1) J 140 )5 1 A
Gy v R 52 B )2 ORTE o X AR AT ASE I BT 2P RR ik — 2B AR AL AT 4R
JlAL, A ERHER) A T BE N . SR DR = N T R R . Her, AERR R
FORLS 2 A 10 SR 45 B e P 2 R R AR B T A1 6 o IR B8 e J 45 4
TR | TG R ) T S5 A A P B A5k 8 T A B AR - 5
T FesGaTe,/WSe,/FesGaTe, (MRS TE 45 7E % I T SEIL =L 50% ) BEIE 1
B (TMR) [7; FesGaTe,/GaSe/FesGaTe, WitkREiEZEH, TMR £ 2 K £ 160 K
[ D 4 B YL PR R AR . (IR TMR 4 47%, =IRZ 17%) , X NREEELF
il #4217 T RER); FesGeTeo/f1 550 i 45 th R F B Ig-BUE AR &, IR T S8
T KT 9400%[1) B R HLBAY; WSe,/FesGeTe, 5 5 45 A1 B T30 Fi &b 39 56 1) HL -
RO 45000 25 IX 3P 67 P BEL B AR X BE SR D00, DA Bk e B T R R A R
ERBEEN . Fig SN E R 1, N BARRSE B e 148
PHRAL T S REM R &
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FesGeTe: (FGT) & —FhgL B (1) —4eBkmatEp L, &5 Hofh =4t SR K
20 Ji YO A A e I 5 AR R AE B e LT S AU I AR MR RE . FGT/W Sex 5 i 465
Hh B I T R S SIS BN e SN A R AR R0 FGT/ A 820 7 B 46 1Y
H e R, AT L FGT EA 4k R A BGEN . Fiz izt A
AERKB TG ). FB FGT A& AA RN EREE (24220 K PR
(RITED Ak o5 1) Pk, 6 e T38RI SR A5 LS 1 Tz i o, D SR B
PRI RHR A 25 AR « R PRAMIR T AE IR s 4. 2006 4, Deiseroth Z51°1 &
WA TR FGT (WA, LA NELGE 2016 4F Zhuang Z50 0L T35 5 72 pR FE i
THE FGT WA TR, IEW R Z S5 R B AR 2 MM 2023 4F, Wang 45
Uk T FesGeTey/h-BN/FesGeTe, a1, fEARHR FREZFRE (TMR) L[
% 160% , K] FesGeTe, F ARG H e 3, ZBAER B REAMEL 2025
%, Bomin Kim 50T 55—V R H TR A 52 FesGeTe, IIHE 17 7 At
(MAE) HEE 1158 weV / fu. , XFE KM & M e aem iR 1 EMEEGIKRR
FE PRSI E

H e L5 DA R KB B g A% O S BUIR D FE (S BAL B, 2 B AIC L T4
REREMIDGEEE T ) s [ @A FEL 2% ) AR B)) [ @iz i O SEDL R #4 m i, A2 R
VR R E B RAE, —EW UL AR E BEE, BA B R
HLr i A% S VR o o BB A 5 DASE A L B R 1) B e g, R B
FHER L AREG T S ARG R g, BT B e E A AR IR T 7 &
(Z) WPURTT, P ToHLE ARG KA RL 1 1) B e st P8 TR A A A A 8
J, ST TSR AR N F I & A7 6 P2 I L0 s T AL S B U
BT, AR B st B A A DY Fan, G Algs TEH
WLANK LR I e st PRt TR AR A, AT ms 1 1 s 2 (0], F HAE 100 K i
TR ERY, =iE T B ANIHESE (MOF) A I B e i i 18 =HE 0.98
ustPH, XL TEHL TR GaN ) B g IR ) (~300 ps) P 1 LA
%o

¥ FGT Sm#ii FITB BRGNS Tl JEE /R W (Vander Waals, vdW)
TERIMHZE G, ARV E R B B e s . 2,7- ek
[112K - BEWY[3,2-b][1 PR HBEW ATA 4 (Cn-BTBT,n=8,10,12) & —KEH R
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EE. TR R AR RIS g A Lo T 2 4A ), H Ce-BTBT
(Cy) HEHH BEMIRN A, P PAREERF o Rl 02, AL ZEMIL 5 St
REAT B BELAS ey R PR 5 51 S 75 AR5, 2 3B ARG, XL 35 ff Cs-BTBT
B R — A 1t Be A DRI 9129,

HAl, % ECE WM&l T FesGeTeo f1 88 45 — 4 7 i 45 U7 LA K&
FesGeTey/BirTes R4, (HRTE ERIVEMBL-B WL T RIAL KRS, KT
J 1) R 5 B AN APT SE 0] BT LT e A% B RERR A AT 9 DA S R AL B R R A, Ll
SV EEMLE] WA A, AESSI) RS HEERHE TR Z . TFFUR B, G SR
T RS B TE SRS A ROT R, IFREIE 3 E IR TT n) B 5 U Tl
S PR A FT AT LT, i, CEARHEIG FNE A, G Sy AR AN E TV S
EEGER SR T WNAPYE <= W Eh et E i E 2 S AN e ) iwag m il g
(281, Ak, H ikl B EEE R G BN HARTIE (52 AR R T R A A
FEREU A HBH I R I SRR FH 290,

BT EIRTE R, AFARFHZEEZ KL (Density Functional Theory, DFT)
APk MR $ (Non-Equilibrium Green Function, NEGF) J53, it 1 ifd
AR SR A FGT-Cs/r T8+ F 5 FGT KT EXT L, AR T 2 A
AR AL T RS . IVE R . Seebeck AL, AT K AU SO I
R . BETORIL, RhA SRR A A e B SR IR S M SOT ok,
FFREVE 3 B T 1) B 5 A R R AT T LR A AR S AE S L
FERURNAFFE AL AT 0 B S e B 28 AR S AL 130 R B R4 5 e J e
2 HE T RS

ARSCPFRTHE, GRS BiefiatERE. BT A B e P R
# & 8id Atomistix Tool Kit  (ATK) FEFHEATHIRY, ZFRF 4G T % EZ R
WRIE P BT A% MK 58 B 55775 (NEGE-DFT) BY, Ay 1 P 580 10 338 B A AR RfR 1k
FRATIEFER WA (DZP) FEEERAR Tk sk B, S H oG bR A A B i
WALIG T B (SGGA) B LR 1) Perdew-Burke-Ernzerhof (PBE) {2,
TR R IERISER RN 107 eVe A THETITE EE T vdW JIHIgk
MR PERE, R Grimme () DFT-D3 (A UE 1EBY S 5 47 3R X i 55 41
HAER . ABMXEH T 1x1x137 ) Monkhorst-Pack W%, #ilbiaeistEE 125
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Hartree, JUPPALISIARAE & BTN R T8 K52 J17/NT 0.01 eV/A. N T
MEEH, f£x. y TREEADT 15A HEZZE,
A B 5 R80T B R SRR B,

T, ()= THT ()G, ()T o(£)Gy . (£)] (1)

ok, 72 RAT L S e B X (R R 4 P T M T %65, GR,

FIGA, 9 B HEM AR / BRTH R AL, o T AR 4 S0 Hevi AR BT
)t Landauer-Biittiker 242 AT LA S HERR AL B H B3 L4,

Iy = [T T) - file.T)Me @)

T, 5T, RS A ERIIR I, ), R 7oA PR B R -IKHE 5 70 A R AL
e 147 LA LI o, AT AR AR FRLIR Ly 73 S0 R -
I,=1+1, 3)

I, =1-1, 4

Sy = _F_ ®)

A D REON S, = (5, +5,)/2 . EIERETERYAS, =5, -8, 59,

APLT NiBe 2k 8, AR TR A SR ER A AR B &, 58
SR
. 1 , 0
L, =—Zj(g—y) a—ngm(g) de (6)

AL ST FRA: 0, =10, T itie Eie L B Sk, K
G, =0y o, REMFHESE, o, =|o, o | REAIEBT,

FERE TR RIS U5 TR B i S A THSE, R Caroli 22 245 Hi
TIEH A HL:

T,,(@) = Tr{T (&) G ()T ( ()G ()] (7
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Ferpry, g ARFR A A HELA AR 2 58 R GE/A?%/%%%FEP'D%&%IX INE{ISINFERTIR YIS

B, R GRAIGAT 23 AGR=GAT,  vhLa U X FOHREAE A K bR BT LA 207
H:

1
(w+in)*1-D¢ -3, -3/,

Gi(@) = ®)

D= DCL Dcc D,

0 DRC DRR

)

DLL DLC 0]

Horb D NENTIEAERE, o RoRFE THR, IT R R Al AT AR I H fE
#TF Landauer A3, 7GR AN

T, 4,

=—IM> (10)

Horb fp_p R NI t-Z T H AT . TSN K, =K, + K

L [BuwD]
’(m(ﬂ,T)—F{Lm(ﬂaT) W} (an

IR AR E AT R A AR AL RCR I 2 by, et D ZE DU R
RS, BTAAE TG, RN EENRE, AT AR

(391,

S .. T
ZT,,,, =~ v (12)
K+K
ph

3ERGH®

T2 FGT 2 H ALEG M0 4R EL, RIS I %42 1) FesGe %
EWZE Te 200, BN 5.22 AW, ACHRAGSE 0 48 FGT ML &A% 540N
a=4.059 A, b=16.336 A, 5 CHkZH (A (a=3.991 A, b=16.333 A) FEHHixl>41,
—4E FGT 49K v] LLOEd VR € J7 M BT # — 4k FGT #2453, RIWEEREN
514 A, AWFFRBET T PIRAHRE G RIN FGT-Cs #3144 546 FGT 4K 5347 % LT
Fo, e Mo R4EFE FGT 9UKidfl, My jg FGT 55 Cs 731 ELHEHES 150 %
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Gt My e MERL ESINAIBR (gap) MIRISSFEE#1F. B 1 Jds b
RAMALIE, L XEARERRIR (EHD , EEXEARAE CHEID .

. Fe
E 1. EATEIREFEARIH FesGeTe,-CsBTBT HIZRHREL,
TERRRR (ZBRR) , EERRRIE (BRI (-(0773A Mow Miv M KU E
Fig.1 Modeling of Fe3sGeTe,-CsBTBT devices with different interlayer coupling modes.

The device comprises a left heat source (red region), a right cold source (blue region)
(a)-(c) Side view of Mgx Miv M

Ee, BAVHT T AN-THE B R E B, X #FET T Bader HAfif
AT, B2 T My M 280510 Bader FLGT S E AT . WEIHRERATITLLE
tH, My # R, FGT M) Cs 3488 T 0.766 ¢ HAfi &, 117 Mo A (AR 2 (1) i 5%
BELN M =2 — (L 0.256e) , XULEA FGT MR S8 T 814 A Hl-
THUEZ R ST A A 5946, My 2 —Fp RIS G, IESE AR AR E 2
AT M . 5 FGT/MoTe. 7 i 45 H HLfT 7 7 1755 2% ) s Y8 Bk Pl e
IR SAAI3Y, A= AT e FHIRS & (R T A R 42 1 s 1 S RS, JRAE Mo
Frif 3 B e PR

B 2. B nEE. RERTREET, EBRTEAERT,
SEMmEEA 1.5X 103 /A3 (a) My; (b) M,
Fig. 2 Charge density difference diagram of (a) M; and (b) M». Green denotes electron gain, blue
denotes electron loss, with an isosurface level of 1.5x1073 ¢/A3.
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Bk, JAVEE T SBT3 R, ST =8
AAE HLTE S, 7E SRR RESL T35 Hh O e B 44 10 0B St i, W 3L 1 e A Ak
B, BRI S, WK 3 (ab) FrafE FoKaEgIiT, Mo 5 My #4410 244
SRIE ST, RHBABLF A7), W 3 (o) Fin Mode 4 55
A T IE SR SR, AT RS TR AR 22 S B T AR RE I T R W
B3 (d-D , HUOHUR X B IR ALY A% (Projected Density of States,
PDOS) 7 A LA i, =B RSB TE 2ok B IR I 42 21 1 Jie i) b 1 i
5] E E B 20, ISR VIR T F AR AL I P IE SIS . 418 3 (o) R,
£ E=-0.05 eV 4, 7£ M [ HE e FIg(E (27.8 eV KT HBEM FIEME (96.1
eV, XNEJER T 3T RHE AL 7B AEA, MR 3 O s MeAizkt
H e LIEE (380.6eV1) LN HER PR (49.3eV) [ 7.72 %, FRHM
i DA e [ L 3d 3 B E 5 o T DA SR A 0 R 55 A (8 P oK B PR IR 5 E e
RS,

6
200}
3 (1] M, - 0 1
- Pany Uy |,"’ .’"'“fl"";f‘.' T
o sl VTR
b < 200} .
2 > (e) M,
53 % o S T T S, 4
2 } w o' a | 1 v deduhowy a
Eop T T ] B A
(c) M2 : = Spin Up 200}
sl = = = Spin Down 0 \
i [V T Y " ""u'“l'l"":u'l\‘" Y
o). 200} ""’. nh YooYy : ) 'l'”.ﬁ' :-‘ ';.:,.:I"
-0.8 -0.4 0.0 0.4 0.8
E-E; (eV)

& 3. (a)-(c) B Mov Miv Mo BYARAERR FIESHET,, F(d)-(H P O BET XSRS EE
(PDOS). EEELNRREKERFL)
Fig. 3 (a)-(c) Electron transport spectra T and (d)-(f) The projected density of states (PDOS) in
the scattering region of Mo, M1, M> devices. The black dashed line represents the F.

ME 3 (b-c) WEF B A al UG L, 6 F oA 24 My RS & 45140 M2
M5, Biem A E R R FERE R A 7RIS A . B, FATLL
E=-0.04 eV 2y, 1EE 4 s HARMES 2 B A AT T VEU . B 4 75 AR 2
BT M (@ (© MM, (b) (d) HAFEEIESIHTTER, B My GRS
i1 Spin-down I EA /M, 1M Spin-up AR LA R, M Spin-down £
B g Tk 1 Moy ORISR S IS 2 AR, Spin-down AR
FL# e, 1 Spin-up FEEHRE, M Spin-up ZS%F H iefiiz 4 5 T ik

P
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U, SRS My 2155885 Mo, a1 B iehmia ek 4 17 B IE T 2 A Jie L

Spin down Spin down
Phases(radians)
[
0 b 2n

& 4. E=-0.04 eV B M, 1 M, B B FEARALIE ST RS E
@+ (M BHEBELBIE;(b). (d) M, BiEE TIRE.
HhHEER 0.3 au, NEEEXSRAE R & AL
Fig. 4 The spin-polarized transmission eigenstates for Mj and Mz at E =-0.04 eV
(a)~ (b) Spin-up channel ; (¢). (d) Spin-down channel.
Isovalue is equal to 0.3 au, the various colors correspond to the various wave function phases.

e ok, AT LRSI AT, S i TR RIR %
(AT =T, =T, AT=20, 40\ 60 K)T H e AH B FHIRIE T (T = 25

AR, WA S (a-b) FoR, Mo 5 My a4 B e ) T i B b 7 2155 1 7
I KGR, RIS BB AL, (NDTRO M1, o E g R 1 f it
I KAE 5315 306 nA 1 267.6 nA, Ff HHFEARIG SR 7308 175K 1 213 Ko
K5 (¢) MafEAHEIR AT AT F BT FLiAL L Mo A1 My #/h— D24, A g
RS B R R R A BT TR BT R e RS ), R NDTR &%
i, {E T=130 K I My 5K H igal T N 20.35nA, £E 181 K I oK A igla |
HIJi 9 31.36 nA. WKL 5 () Fiior s Mo 5 My H e IA) b FRLjR- R B2 3 2B L& M
Her b Biem T - SR, RS T AT R RS 5, BRI
LT 5 SRS AR & ES, S e EBURE/N, 8 NDTR 40858 5 95 55 R
M2<Mj .

EARERMZE, My I E A XAT N (Spin-crossover) M9: 7E T =65 K [ff
i, Ber b Eien T BRI AR, EE R ) B R R . X R R
£ LeClair P 050 -0 A BRI G47
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— 1 1, AT=20K (@) M,

300f—1: - 1, AT=40K, == = =eos _
— 1 - I, AT=60K T

250 .

200

~

20 N\ - = Mparzar (d)
3N - = =M,dL/dT 0.8
25 VAN M,,dL/dT
’é‘ 20 ﬁzi/ \“ ........... Mz,dII/dT 0.6 g
E ST :
- 15 %1 5
10 =
5 0 4
0 1 19,
0 50 100 150 200 250 300 50 100 150 200 250 300
T (K) T (K)
5. FRIFHEEMARREME AR BER L/BRE TER. BR-BESHE;
(2)-(c)A Moy Miv M ZEAT=20, 40. 60 K BHEUAIEEIERER . EREE T ERRER;

(d) Mo 5 M Y B FERE LB IR-1&

ESHE. kM BiEE ESBEETER-R

Zs 8

g SFHIE

Fig.5 (a)—(c) The thermal-driven spin-up current (I) and spin-down current (1)) at different AT
values (AT =20 K,40 K, 60 K);(d) dI/dT as a function of T

N T EEDHTIX—FIF, A5 T =R+ B etk b 2 (Spin Polarization,

SP) HAFHARN: SP(%)=(1,—1,)/(1+1,)x100% , Frf [ FI1 53514 A g

EEER TR, K6 oy E R RBEIR AR KRR K6 (a-b) Fr,
£ 0~300 KR EIEH N, M5 Mo [ HBERILE P <0, RUZA R LA ER
NHAAES: ME 6 (o o, MiEE T>65K, MM P>0, RUIH BN
JiTa A T R, B BRSO ET . BRI R AT S 1 SR R ] AT A A
9L REAT RO B iehis MLy 1A o

50% -40% 60%
- (a) M, (b)M, 50%
£ -60%} -50%;
< 40%}
600 L
'é 0%} 60% 309% L
3 0%} 20%}
< L
g s0% 500l 10%}
= 0%
£ -90%} i
g 0% 0%
-100% L s -100% AN 20
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300

T (K)

T(K)

T(K)

B 6. (a) Mo, (b) My, (c) Ma i [ el A 2 5 B 5C R K,
Fig.6 Temperature dependence of spin polarization for (a) My, (b) My, (c) M2 devices;

BV B ARSI R PERE, THIE T 2E DU R E(S). LR (o) MTR
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K7 (S0 EFIJIRE (T=300 KD S8 u 50 R . MRHH e RE ) n]
DLE I 2 D7 R K Nk s B A RIS, W 7 (a-o) Fiw, fEFOKBEZLIT
I, Mov My #fHHIZE N REZE R AR, MR w28 Vg 2% (S,
=0.299 mV/K, S, =0.211 mV/K) , HJgn LT RE (S LM (S,
=0.12mV/K) HIMfE. RIEHRMEREAIL (12) , SRR EHIBEA
52 8 U5 REGEN, 1852 L ARSI, DRI IRATRE AT T B R AE T IR
FE (T=300K) H5{b53 () MRR, 4R WE 7 (d-D Fim. £ T=300 K i,

Mo 5 M1 7E FOKBER M () B e 70 # L S IEEAR 2 (~90-100 pS) , M:FJ[AIK
CEMER AR, SRBFREE TR (~40-50pS) . E7 (g N
SABRAEF IR E (T=300 K) T Hifar Dy B 5 5 e D) B 7 5022 340 5%
FEL, My DIRF AT My, o 2BEE S FIBGINTG 2 BH0H]0, AT My
Kt o BZEIRGE KT S B3I, Fr LA B Be )5 B 5 SR 3 2 308 Mo>M, >
Mz

3
(a) M, T=300K

-0.8-04 0.0 04 0.8 -0.8-04 0.0 04 0.8 -0.8-0.4 0.0 0.4 0.8
1 (eV) 1 (eV) 1 (eV)
B 7. Mo. Miv Mo22td(a)-(c) Bl L. BIEE T, Bf. BRENZRZELD-() BhE
EL. BrEET. B, BERESQ)-()BaMERNERFEARFIIEE TS5UFES
HEBXER, UEBNFTLRREKER.

Fig.7 (a)—(c) The thermal-driven spin-up current (I+) and spin-down current (1)), the charge current
(Ien) and the spin current (Isp); (d)-(f) spin-up (0 1) and spin-down ( 0 ;) conductances, charge ( ©
«h) and spin (0 g,) conductances; (g)-(i) charge (S?ccn) and spin(S%osp) power factors as a function
of chemical potential at different average temperatures for Mo. Mi\. M; respectively
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PR A TERER) 5y — R SA SPGB ZORIET W, —
w2 3 R e R AR T, R TG () 5 73— HB 2 fik
WAL T, FAFE TG Gon) o B 8 = Fhaf 1075 715 5 1l il A 26
ALK 7T AT IS REA A A AL . S A IR AR e, AT
FEF AR ANESE, JUH AL im0 1 57 T AR A S BRAR AR, AT e —
SERRRE E AR P 2B, Rl MR- T E AR R T, SSRE M
PGS HE B AL T A ZR R, fE75 Tl (B 8a) My W s &)
FGT-Cs Z [8] HRENAN LA, ERMEAN (<5 THz) BEWSORIT — & MIIEH &, U
W F T AR A7 AE — 8 B RS s il T Mo (R B39 RE &) Al & 591k,
JE AR AR ks, IS = B SR (e & R %, JCILEAE > 6 THz [
PRBL o IXRYIFHIER S 7 RA R E WU, (CEDRURA. K1
REWEIE I 2218 10 /2 A A AR PR3, HOE I R KR A

ME 8 (b) G EE 7 (d-0 S UE SRS SRS LEHK
BOHRFE, v 7Rk 7 5 RN RARBANIT S TR RISIe2AE L, %55
7 RAE Wiedemann - Franz( WF )5E & 75 BOZ ISR FE AR 1R B d i 51

S

&

K1Y Sommerfeld BB A L, = 27k, /3¢’ ~2.44 x10°W - Q- K2, TEA LI 3R AT T
MHBEFRGF K, =k +x, SEHEMHE S 0, =0, +0 RN BB AN L=x,/0,T,
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Abstract

Addressing the demands of global waste heat recovery and low-power spin-based
information processing, this paper designs and investigates two types of molecular-
scale nanodevices composed of the two-dimensional ferromagnetic material Fe;GeTe:
and the organic molecule Cs-BTBT with different interfacial coupling modes, based on
first-principles density functional theory (DFT) and the non-equilibrium Green's
function (NEGF) method, aiming to reveal the influence mechanism of interfacial
coupling strength on the spin thermoelectric transport properties of the devices. The
results show that the interfacial coupling strength directly affects the interfacial charge
transfer and spin transport behavior: the charge transfer amount is 0.766 €™ in the strong
coupling mode, while it decreases to 0.256 e~ in the weak coupling mode. Under the
strong coupling mode, the device exhibits high electrical conductance and thermal
conductance, whereas under the weak coupling condition, both charge transport
capability and thermal conductance are significantly reduced. Due to the trade-off
between electrical conductance and thermal conductance in thermoelectric performance,
the thermal conductance is markedly suppressed under weak coupling, leading to an
increase in the spin figure of merit (ZTs,) from 0.71 to 3.45. Notably, the study also
reveals that interlayer coupling can modulate the distribution of spin charge density,
resulting in a significant polarity reversal of the spin current in the molecular device
under different coupling modes. In addition, the thermally induced negative differential
resistance effect is observed. This study provides a theoretical basis for the development
of high-efficiency and tunable spin thermoelectric prototype devices through interfacial
coupling engineering.

Keywords: First-principle theory; Interlayer coupling; Spin thermoelectric properties;

Spin polarity reversal
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