—_—

[\

—_
[e>RNeRe RN e RV I

ek
NN WA=

—_
(o)

B W W W W W W LW LW N NN NN NN NN == =
SO O 0 3N N kA W~ OOV ION WU A WD~ OO 0

[ S/ B
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

£ J73H3Z FePSe; S IRAVB S
B, T8, HE, REL

emsE ER 2 A, JERT 100093)
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DAC (Diamond Anvil Cell EJ 4l % THifY) , % FePSes BN ERE i m 15 4 4E N s i 4T 7
RAMFMESHT . ¥ FePSes HUA I 2 A% i i £ 4 Fi B FE 264005 FE 06 LL P 8 O EE 2R R 8 Ry, B
JE IR R I, FEIRFEIXTE] 50~200 K P, K7 NI E RS & B -5 O, s U
JUT-TERM, (B 3 2R 5 i P S B B, RN SR FePSes REMAH L, T EA R m B B Al
HF - 75 RS R, BSSEE, RINE SRS T, WK, Ry BEE IR ES B E TR
o AT SR 2 FePSes 15 i I HL IS M ST 78 7 TH i 25 A o

1. XWHE
1.1 HMREIE

ARSI K H A1 1200 K S AR B (SEMD) K HFLE e LR (EDS),
TEZ HE N ARG FePSes BTG, 70 545 2 H R T SE AR Ml T R 4. TR
TE. LRSMER. HEFENTEESE BN EH Asylum Research Cypher ESNR% AFM I #1531,
1.2 EEHRHIEER

HEFE I H % 5 DAC S 7k KRB K 1(a)~(d) B . 1 Jas ORI PRSP 5 = IR A i
L, i 1)f; REHAE ISR (PDMS) K AREE HE PR NI 278 21 T8 fORE A b,
L(a)~(b)F7s KRG 2 & F PDMS F3an FARAE 2 2IRE Sy DA W&l 1(o)Fn: 2 S S Akl
HARMEE R EHCT, ¥ DAC [ piston it [ 2 7E 4015 1(e) RN @~ 77, FIH PDMS MEFE & Ffign
A [F) ) e 7% B T3 WA i b, ol LR, B Ny WrHaE A I B R B e 4 G, T ftk
FFEmESNIA G BRI A, B BB 352 A ik, 8N & T O A I P44 ) 25
B ERE S . ARSI T BT 3M A R AE P2 Scotch Xy, SE6 AT 1) PDMS [ 4 7 JE
FePSe; F it KR T B s BRI OK B A IR A A

@) fS:mele (b) Sample (@)

Scotch tape
[

(C) @. micro/mano’ (d) M micro-/nano-
dlettfode Samples===""T"" dectrode

Sample § «l»\
A N

A7 T TON

P 1(a)~(d) BRI S Nl 2 A i LSRR S Al FE AR e R B M BB E SRR R, ()i & (ALt ilfE A
37 PR A Tl AT FLRE iR AE DAC R & T IR 1, £ 68 75 AE P 9 OB B 925 ) %t T/ FePSees 7ERE P L AL B IR
e
Fig.1 (a)-(d) Schématie.jllustration of the operations for exfoliating thin-flake specimens via micromechanical cleavage and
transferring the sample—micro/nano-electrode assembly onto the diamond anvil, (e) transfer stage. The red-circle inset shows the
optical micrograph of the micro/nano-fabricated electrodes and the sample on the DAC platform and the red-box inset shows the
thin-flake FePSe; prepared by mechanical exfoliation on the Si substrate.

1. 3 & E IS E KL

ARSI o 7 FLARTIE PR I R AE T BRI 95 Quantum  Design(QD) 2 ] ) PPMS 45 45 1 F H1 %
DAC Fot B S HEAT FLARIE M B R A . L 15 2 DAC SR BIAR 28 {5 At kb, 0 4T Hh
Lo (EBIAL B A FE IR A — 25 7 BT (c-BND, I35 75 38R ol FEAT HE 438 /NI FLAE St i s,
DA (293 GPa DL ER4E) RN, UAEA (ALOy:Cr*/Ruby) NHEbR. TEHAA FePSe; £ 1)
SIS R e, A RS R R SR R R 4L: FIREEAN D PR T OB 4 MK =
IR ST, 4 BE A — R R okl P AB AR VK — Uk FAR 5 7 TR S 1 G £ 6 e
FRERGEUR IS AB Kot — U v b 1 5 76 FE 502 TRk U 4 2 P R IE T, SR FIT5 PR RO — T LB A1
St R 22 5 DAC WIBZREEBE, T UM 5 — PR 60 346 B 0 2 300 i T A 4 e 2 0 14 1 g
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NG A E R SZI . 722 FePSes FE & 1 F iz TR FE 00358 F % m 16— Y R R U e rl A
RE BRI AE), A AB B R AR A e R4S 3 BT, O 042000 2 15 1 A 22
Jigz MTHANIE T A 502 BR/KSEBLT . £ RN 2 i@t PPMS, KA Van der Pauw 7%, #H17 2~300 K
T DX 1) PR PR w4 1) 1 v P A 0 P s I, 0 e R R A PRI AR SR AS R S ZEAS [ 0 T R PR
RS2, FIREIN R 7 [ e iR N -9~9 T RE37vu [ P9 FI 2 /R FL R .

2, #ER51e
2.1 BEF FePSe; HmMIYIHEELEELER
K2 45 T EiR . T FePSe; HUMA L AL S FIIAH S e IS5 R . Hor 18] 2(a) s FePSes £l 1 HL
BER R, HAEHIE N ABAFERIEERSA. B 20)RAME T 28 (SEM) B, BN
9000 fi%, FI3H X 35 P FE S R T HDEHE o ] 2(0) % H T 2(b) R i X 35 2 [ e i Y6143 (EDS)
W45, 5% EDS fig i B LA K Fe. P. Se =Floc &Ik, Hoh EDS FERE B B R i3 X ik
WEE KT Few Py Se =Mc&M, HITREBEIKLN 1: 1: 39 E\Fey P, Se =Mc&EM4
A B 7R = Rl e R S A A TEAE TR
il

|
9 w0
e

| I
il
b oot

I Map Sum Spectrum
At%
60.3
20.0

Spm Spm

YR | A F.

P2 Bk Bl FePSey (MPIARSE L. (a) BB, (b) SEM fi T, (c) EDS (#1145 %
Fig.2 Characterization of bulk single crystal FePSe;. (a) Optical image. (b) SEM image. (c) EDS map scan results.

K 3 A H TSR WEZM NH AFM I &7 )2 FePSes £ I EE R, 14 3(a)F11&] 3(b)HI46H K
BN IR 2L B8 )2 FePSes A K HE R BIRE A /a1 A, R BORRSECN 50 5,
B DR e X EoniE R, Ea. RAG R ERAINEE S R B ) )Z FePSes FEfh, 2435
HERE R E R FIR, HAE RS N EOMEIEHAR, HAARNEEBA, FEMRESRECEEEE. &
3(a) T 3(b) 3 B A I RE S I R 23 508 40 nm A 60 nm. {H & i1 T8l AFM 05 3 246 5 10 5
SNERE SR IE IR, SR IORE S VAT JE S v R FARE AR, (RIS AR s i B T e R
Kz MR ) )2 FePSes #£ 4 Thin-S1 A1 Thin-S2, HSZPr/EE ik . SARAT DB b H e 8 i A
FR) o Rt BE BE B4 7 4 R B0ty 25 HG JE B8 0 U E BRHIT 40 nm AT 60 nm,  {H 2 38 5 3 b 05 15 HY A 445 S T Rg
FEE—BRE.
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Hm j1Ti8]
B3 HI AFM =72 FePSes K i K B REGS S, 47 BN HIBUMR] B VA %t )2 FePSes fEfE v LRGHIBER R, [&Ith
ZLE T SR AR F A7 1909 x ilIE 7 1)
Fig.3 The thicknesses of the few-layer FePSe; flakes were measured by AFM. The,insetds optical image of thin-flake FePSe;
prepared by mechanical exfoliation on the Si substrate and the positive x-axis direction is inidicated by the red arrows.

2.2 BRUKFNE R FePSe; # MBS E BIERIE

T RGBT YEZIRM L FePSes 2 FE i i I SRS T A AR L, — LT T =4 m K s
FAESEL, Hrp— 2 NEUA FePSes £ 4, FE5 B N 17 nm /P21 N # 2 FePSes £ 4 (55 —41°4 Thin-
S1, #—#H°% Thin-S2) M EHEENE. Kl 4(a)8 177 9.06~23.3 GPa & /73l 2~300 K i & X B P
Bk FePSes £ il FELFH ML FE 84k 28, 1<) 4(a) RHEIEUAE 20 208 2~10 K (I RERBOR K . R LLE
2|, Hfk FePSe; FEAufE 9.06 GPa i O B L R IF I RAT N, 4k J1i8%) 11.0 GPa K, FePSe; Ff
MR PSSR, BSERDEE TN 276K, HBEEEEE— 518N, FePSe; FEM IR T
MHESES—BHAE. B 40)4H T Thin-S1 7EA12~32.9 GPa JE /JJaHE . 2~300 K i X [8] P L BHBE IR
FEIAR L2k, 4@ FePSes £ Thin-S1 7E DAC WA [ FELBE IR R 40 Bds 2~8 K Rk B . A
A LS M E B, 76 112 GPa B/, )2 FePSes FEM BRI G BAT N 245 kL 1m ) 13.9
GPa I}, 2 FePSes #f i /EMGIR M SIS, @ SFHEE T8 2.36 K. {H2EE 10—
Wi, EMRRAEEX AN, HARUSLEHZE FePSe; Ff M RIR T SA, BEIE i —57H 3
27.7 GPa J&, KR FHIESEAEIHEI, - H—ERERRIMRE Bl A f 5 s K 74 32.9 GPa. |4
4(c)4 1T Thin-S2 7 9.1-23:9 GPaVE /17E . 2~300 K 755 [X 7] P H BEL G 6L 2 A AR Ak b 2k, 48 N6
I BUHE 2~10 K {5 3 i oK s S 4z 17 8 5 Thin-S1 BI4T AZ5L, #£ 9.1 GPa /5 /) F, Thin-S2 B84
B4 EAT . 76 13.3'GPa M1 13.7 GPa JE /1 F, Thin-S2 EARIR NI SELR . BEE T I —
SN, ZEIR PR SEONE Y, FIRER LSS Thin-S2 FERKIR T I S, ERE gt —2 7 &5
19.8 GPa J&, R PHHE SAA FHHIL, HH—EORERE 52560 & 1) & sk 77 23.9 GPao, £ =451
55 (P REAN TRy DOfa], Ik B Y Y A SR B R FHIL G . 14 4(d) 7R T = FePSe; FE it IR HL
FHELRRR ="R(300-K)7R(10 K)BE & /1117840, —ANFESh I RRRENFE S H 77 I3 0 i vk /) o



—_— e —
W INN— OOV IN N B W=

—_ = =
N L A~

—_ = =
O o0

N NN
N = O

[ S/ B
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

0] 16—

() —*— 906 GTa

a1al —e— 103 € - L et
—e— 1100k N D=t
124Gk ks h
Iy Sy i3
w12 i
- 1
|
[
233 GPa

—— 134GPy
Thin-5] —e—19.4 Gl

006

o4 -
S 000
=

1.055]

0.02
0
[ 0 1400 150 200 250 3(H) 3 ) W0 150 200 230 3k
TiKi 1K
© oy idy
—— 9.1 GPa +— 179 GPy Thin-52 #® Bulk
+ 99GPa e+ L5AGPy ® Thin-sl
s INGGPD e 189GPL 6 . ® Thin-5%
LGP 2.2 GPa
= R ) ) = 21000
—e— 125CPs + 23AGR o
—— 133GPs —— 238 GPu
. 127GPa s N
. 141G =T
an b a s »
e 1e10p
+ 166GP -
L]
.
+ .
= .o
& . -
L]
sse
L]
L ..
L]
LA L]
e
LET Y
.o
He 00 ®ee o0

EN

. . . . ALY}
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B 4(a) LA FePSes A Rl PHL- I 22 T 25 , Sy AIRm X 18] 748 23 Bl 1) )R A OR B (15 B EREE— 20, (b)# )2 FePSes
Fff Thin-S1 F) e BH-I5 B2 2k, AR X 1] 0 Bt 0 R A sOR 181 (2 b, 5 IR FF— 30 Al Thin-S1 72
DAC ARG (F ), (o) = EePSes #f i Thin-S2 ) FfL BEL-T 52 i 2k, 47 P I, DX 1) 358 43 H5cHfs 14 s s oK P&
(RS LB R —E0, (AR RRR T )1 HI2E4L
Fig.4 (a) Evolution of the electrical‘resistance as a function of temperature for bulk-FePSe;. The inset is enlarged view of the low-
temperature region data forjbulk<FePSej; (the legend remains identical to that of the main figure). (b) Evolution of the electrical
resistance as a function ofdemperature for thin-flake FePSe; Thin-S1. The inset is enlarged view of the low-temperature region
data for Thin-S1 (upperlefis the legend remains identical to that of the main figure) and the optical image of Thin-S1 inside the
DAC (lower right). (c) Evolution of the electrical resistance as a function of temperature for thin-flake FePSe; Thin-S2. The inset
is enlarged view ofithe lowstemperature region data for Thin-S2 (the legend remains identical to that of the main figure). (d)
pressure dependenee0f\RRR.
N TSP GHEATEZ FePSes # 2 &5H) LIl Yy, (L Biisryscsed e, 2HlME 21.5

GPa. 13.9 GPa #1 21.6 GPa Jk /3%, HANAMINGLI, FEARIR DX I 1 AN [R]H4 37 1 v B B it 2 7 32
o B 5(a)~(c) 7 4 H T Yefdk FePSes FEARTE 21.5 GPa JE /1R 0~1 T B37 75 M, Thin-S1 7£ 213.9
GPa JE/J . 0~0.2 T 37361 9 A Thin-S2 7E 21.6 GPa K3 F. 0~0.5 T Rty Fl Py e BEL B 2 1) A2 4k

T

1250 P S(a)-(c) MO A B T LI AR T, AL R, FIJTRRH o(T) = Hop(0)(1 - 1 )"k etk
FePSe; £« Thin-S1 A Thin-S2 fEAFIWLS T T, MEIREATIE, W& H RIS R D5 8H ,(T)

= 12.40(1 - 555) %5, Hop(T) = 020(1 - 555" RIH o (T) = 4.17(1 - 5715) 2, SEH 5(0) 4 51y 12.40
T. 020 T A1 4.17 T, 554 1.65. 0.39 F1 1.2, SHARESARLL, HEFEM S EH ,(0)Finti A %
%, HAH,(0) M T FEXHEPULIF SRR AE 11, HFRR R I Z R 5 A AR S 252 23
Hl, S En R AT BE S R S8 R kT AU %
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(a) e l P-215GPa ) T l P=13.9 GPa tc)
oE e T 1265
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1Tyl | 02T Gt
"\ r 651 w.”
05T - AV
; Q" s £ 12.60
s o Bulk N 4 Thin-51
03T 011% o S
Lask ' f ' _ _sof B o e ,
Z 0T ,l.u S 0 il: Pat, & o ¢ win & s
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* & HF12.40T ¢ Su
$ as o S5t . = TIN5
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5 [EE 1. WESATER T (2)B 4k FePSes, (b)Thin-S1 Fl(c)Thin-S2 HFH B iR FE AR 06 & AR A T, BEREIA AR Ak
Fig.5 Temperature dependent electrical resistance of (a) bulk FePSes, (b) Thin-S1 and (c) Thin-82ihder magnetic field at a fixed
pressure, and the inset are 7, dependence of external magnetic field.

] 6 45T FePSes BRI JZFE i IS YE R MR EE R, 44 INCRESEAIR T T, 5 & 1107481k
KB, o ar o B AL 1 [ R4 B S SR 18N 19] b B A B R RERA T T BE R SIS LR R M
FRRT DA 28 M BB RE S T, BE K 7 AR S, TR R Thin-S1 F1 Thin-S2 fIi#E 546
JE ST AR RS K . R IR B i A, Thin-S1 HREBSAESE 13.9 GPa HiHl)E, HEZJEHIJL
ANE S5, FEARTEN R BV B I 20k 5, HLAE 27.7, GPa Bl 25 — B AR FFE] 32.9  GPa;
Thin-S2 [FH FAE 13.3 1 13.7 GPa HBLE, TEZJGMALAYE /7, [RIRE AR AR DU il v ]y 0l 1)
S, HAE 19.8 GPa EFMIMNEE —BEARRF] 23.9 _GPad\ BHARFE BARLL, #ZRE N 10H G628 15 i
HHN, BB S A0S

7 © Bulk-Chin. J. High Préss, Phys.2023, 37(2): 021101
} © Bulk-Nat Comuman,9, 1914 (2018).
© Bulk ° o
6T Thin-si 0020 00%
| © Thin-S2 80
o
5 _
&
=T 0o©° °
F
44 (=]
[+]
L o0 0 o
oo ©
0 (=]
Al 3 o 5658 Cogd
o0
ooty
2 | 1 1 1
10 20 30 40
P{GPa)

Kl 6 —2H FePSe; HL4iiz S0 FHE T HE AR U - AR 1A
Fig.6 Superconducting transition temperature-pressure (7, -P) phase diagram of FePSe; electrical-transport experiments.
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Fig.7 Pressure dependence/of‘parameters (a)-(b) B, and (c)-(d) B, for bulk and thin-flake FePSe; in different temperature ranges,

respectively. The inset is‘temaperature-dependent reduced resistance of thin-flake FePSe; (Thin-S2) at 100-200 K and 21.0 GPa.
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Pressure-Tuned Superconductivity in FePSe; ThinFilms

CHENG Yi, LI Meilun, XIAO Hong, LIN Chuanlong

(Center for High Pressure Science & Technology Advanced Research, Beijing 100093, China)
Abstract: Two-dimensional layered materials constitute a unique class of compounds in which strongly covalent
or ionic atomic planes are stacked via van-der-Waals forces. This weak intetlayer coupling allows the thickness
to be precisely tuned down to few-layer or monolayer, giving rise to awich'spectrum of dimensionality-dependent
physical properties. In this work, we take the prototypical van detr Waals Jayered compound FePSe; as a model
system and, by combining mechanical exfoliation with high-pressute techniques based on a diamond anvil cell
(DAC), systematically investigate the electrical transport properties-0f both bulk FePSe; and thin layers with
different thicknesses under pressure. We focus on the>combingd effects of external pressure and reduced
dimensionality on the normal-state transport behavior and-superconductivity. Experimental results show that bulk
FePSe; exhibits pressure-tuned superconductivity, with the superconducting transition temperature 7, reaching a
minimum around 15 GPa, accompanied by a concurrent minimum in the Hall coefficient Ry. This behavior is
consistent with previous reports on bulk materialsj\and suggests that pressure may induce a Fermi surface
reconstruction. Compared to the bulk, the thin-layet>EFePSe; samples show a suppressed superconducting state,
characterized by a reduced 7., and a monotonic decrease in Ry with increasing pressure. This indicates that two-
dimensional confinement in thin flakes suppresses the occurrence of Fermi surface reconstruction. These findings
provide key experimental evidence for understanding the pressure-driven evolution of the electronic states in
FCPSC3.

Keywords: high pressure; 2D, /layered materials FePSes; thin-flake; electrical transport properties;
superconductivity; hall coefficient
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