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Abstract

This study systematically investigates the effects of Bi substitution on the superconducting
properties and low-dimensional behavior of the strongly disordered superconductor AgSnSe..
The crystal structure and chemical composition of the samples were examined using X-ray
diffraction ( XRD ) and energy-dispersive spectroscopy ( EDS ) .The results indicate that
excessive Bi substitution and compositional inhomogeneity represent inherent limitations of
the synthesis method, which may lead to the formation of non-superconducting secondary
phases and consequently suppress superconductivity. Magnetization measurements reveal that
an appropriate level of Bi substitution effectively enhances the superconducting critical
temperature, with the sample at x = 0.1 exhibiting the highest T.

The lower critical field H.,(T) was determined from magnetization—field (M-H)
measurements and extrapolated to H.,(0) using the dirty-limit model. The obtained
H.,(0) exceeds the value reported for pristine AgSnSe:, indicating enhanced stability of the
superconducting state.Combined with resistance-temperature (R-T) measurements under
magnetic fields applied perpendicular and parallel to the sample plane, the upper critical
field H.,(0) and coherence length £(0) were estimated using the Werthamer—Helfand-
Hohenberg ( WHH ) model. The results demonstrate pronounced magnetic-field anisotropy,
reflecting the quasi-two-dimensional nature of superconductivity in this system.
Furthermore, by combining H,,(T) with the dirty-limit model, the London penetration
depth A(0)and the Ginzburg—Landau parameter k., were determined, revealing that Bi
substitution reduces kg, from 55 to 45.9.

Analysis of magnetic hysteresis loops yields the critical current density and vortex

pinning force. The field dependence of the pinning potential exhibits behavior close to that
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expected for a two-dimensional system and shows pronounced anisotropy. Surface
superconductivity analysis reveals that the ratio H.3/ H,, is lower than the value predicted
by the Saint-James—de Gennes theory, with the ratio further reduced in Bi-substituted samples.
Berezinskii—Kosterlitz—Thouless ( BKT ) transition analysis confirms the presence of a BKT
transition in this system, with the Bi-substituted samples exhibiting a higher Tgk. Moreover,
Tgxr IS found to be insensitive to low magnetic fields, indicating effective suppression of
phase fluctuations. Magnetoresistance measurements reveal a pronounced weak anti-
localization (WAL ) effect, which is more prominent in Bi-substituted samples and gradually
diminishes with increasing temperature, reflecting its quantum-coherent origin.

Taken together, the magnetic, transport, and critical behavior analyses demonstrate that
Bi substitution not only introduces strong spin—orbit coupling but also significantly
modulates the superconducting physics of AgSnSe: in the presence of strong disorder,
leading to clear quasi-two-dimensional superconducting characteristics. The observed
anisotropic upper critical fields, quasi-two-dimensional vortex pinning behavior, robust
BKT transition, and temperature-dependent suppression of the WAL effect collectively
indicate a reorganization of superconducting coherence under the interplay between disorder
and spin—orbit coupling. This study establishes Bi-substituted AgSnSe: as a tunable platform
for exploring the relationship between strong disorder, low-dimensional superconductivity,
and quantum interference effects, and provides an experimental foundation for further

investigations into superconducting materials with potential topological relevance.

Keywords: AgSnSe,, Type-Il superconductors, disorder, 2D-like, pinnig effect, BKT

transition, WAL effect, Topological superconductors
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NMR Intensity (arb. units)
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\
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APl 5o Hijikata & 4k Supsm 3 Bt B2k St #43) én
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¥ - 2 5 o i7# {p 42 % (topological superconductivity ) F1H i £ 4F § 378
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WE RO SR e MR TR 5 RGE e i g nl
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PRSI RERL I DE AL EREL o HERA T NPT R
A A VR S S S IR P ) R U S R4

EiTap g 7 504
MAZER G - AR T AR YRR B R (Critical Temperature, Te) 1477

¢~ Tz | (Superconducting State) o Az i T enT S € FE T K] o o)

13

doi:10.6342/NTU202600632
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Ochsenfeld £2 Walther MeiRner #H4g ¥ i ™ e4¥ {rén ik & b shge e (T R pIpF >
SERAREFMET T §F 42 TP, p i egdez 2 in
Bl AR G AR R cn SR o

% 2 Pups ak EALAE 5 AT & (Meissner state) B84l 4of] 2.3 o g R

H-53 & (magnetic induction » B) 22 gi3-% & (magnetic field intensity » H) =i %
o

B
H=—-M
Uo
(2.2)
d A RPN R B=0 TR e BE o R M %
H=-M
(2.3)

Foo A ERE PN IR 38 R (magnetization > M) 3K T BH R R He LT 1 T

EY AT (magnetiC susceptibility, X) :

(24)

W23 7hE AT » & Sk 2 A gl o
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2.2.3 520 & on (critical current) % §&.# 3% (critical magnetic field)

B RAZ W E T s Heike Kamerlingh Onnes =%2 7 B 1y #& 142 %
BB erip 8 S BRI R IR S e dmt DT A A RS RS R R
REAERFLARERR P QEL AT AR TR I E ﬁ*uﬂ
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Fobou FRESEE BRAZ RS R EW IR PRERT LA L F - ik
- AFAZEH - % - dpAg #48 (Type | Superconductor) ¥ o EAH- X N TRR EPE €
RAZFLE =24 0 2 RAERFFBAES (H) o % = g4z %% (Type Il
Superconductor) ® o ¥ EHFH D TRh B A LF BT E S A E
AZERP N B RIRR EAATE S TWRARE (Ha) » ¢ B2 S AR = 20U
PR T RS (He) PAgdEsd 50460,

Ting Fle LR BA2BI KA AR E ) SR 2T TN 8T TR
PR Mo AP T RERKP T PRI L B TR
Biemg - 25 r2 (IR ERBEAP TR Rttt g aiad

n A2 R RESH

_Hol
2T
(25)
b BESE R IRT > RURA A TR LA RN A G BRI IRAES 0 F R

BARA Y Tl iRl RO RIRT AR S AR A e B i e Hseh
)%’SA fElzlj}'ZP( t"l'i"'!—"’ FE'/Limi%“;‘ ° fiiﬁ@ T, e E@i‘%?ﬁg lé‘ mr]/}\‘ ¥ "(;JLE ?@-ﬂ@ﬁ‘iﬁ’ ?J‘}?-
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(2.7)
o 1] 2200
224 % - AR ¥ (Type | Superconductor) £ % = g2 ¥4 (Type ll
Superconductor )
dodi - ) B P AT UGB BRI R, B A R - R

8 (Type-| superconductors ) ¥ % = #p4z #4% (Type-ll superconductors) > H k&
IHHOTF AR T RAR I REFEFL ¥ ARG APRd il ob §
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/1> ! <0=% Az H 4

->— ,0 = % - R
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Fh g hgimaond (o)

’
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AN - gARENS S M RPERAE o bl4osE (Al He=99mT) -
45 (Pb> He=64mT) 2 & (Hg > He=41mT) % - 7 2 B4 ®(24) (a) B
FoNARERMOR G R L AR AR RELfer FAT R
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Bl 24 (a) - sgAg it R (b) - Mo v R B9 R
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2.3 AR YRR fIRH
2.3.1 = ;ns#3] (two-fluid model)
Z ok EAd = 12 & 7 _C. J. Gorter &2 H. B. G. Casimir ** 1934 £ £ 3

DB o A RN PBET I AR LA EBE AL 2 FETF ()

BREFETF (ns) RELTFAAFERQERLPT R ARFLEY RFLER
FAR AT Y ErEme i E o A RN R EfrR E B ALY AT

FEABBHTR A ARAGIOID K £ B o B TEOKPFRET T TR
MEFE AR AENR S 0 P T BAFR T 20
DT A ERDE KRR P 2P
SRR S e e L R RS A Te
BRF A NS00k ne =1%o R B AT @I R e,

¥R R Ol
(29)

(2.10)
Lt O<KT<TcpF>0<nm<l-0<ns<l:>d & #Mfriz%@ﬁgkiiﬁL,g

FARRTIEES o Rk G s R - LGS SFER (29) 7 W

1
4172

A(T) = A(0) I1 - (%) l

(2.11)

A0 AT=0KéF HFR -
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2.3.2 B %% (order parameter) -~ 4p > (phase) & 1 eksk (symmetry
breaking )

B Landau 4p I EET 03 PARET %ﬁrj if § eh 5 % #c(order parameter)
e H A o AZEHARD - BEFERE AT ARG T T A - JEa

B AR F RO EE o B A WFE-PE DB > AREL AFES 2 Y0 K

() = [P(r)]e?™
(2.12)
He PP L E P FERQERROP T RRI DA A 0() Pl R
FEPEREF et jp 2t - 3 A Sficejp > @ A4 <~ & Cooper pair
A8 R RS R - Bapp d RIS
BARES AR BRI FELE > a §EAMIRRER T
T hAiE AR EAR 0 BB 2 B R AR o 2 BT U (1) AR
PR FERY BRI ALY AAERE BRI AL AAS L - BEW
WAL 1T 4p 1+ (phaserigidity ) BY e 4p = p] {21 F Az R h kR o Gl4od 4P
FATEY AAPAEAR S BERKLTINGAL A AR BET O Ef 2
Feg L Pl ERELITP >R EBEF T EHFRADNIR - SRR LENEF G5 42
B EWE-E A - Hump 8.
b B S HenZ B TR pAR R R T A 8 2LiE {8 F &
Joo WIFHARY o B SBERT N FR IV 2 A X FIFF oA AR T R
FlEd R ik m A2 F R L FEHE - RN Sl FaA S

A
CEARE SRR WAt LR Rl

g
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B BT s L KA A kT e d X S ER o kg AR
MpF g 23 A7 i X DA ERGERBFIRE = Al B
Loodrs Az AMAE - Az kY > RHEE T J Berezinskii-Kosterlitz—
Thouless (BKT) 414 309200, # & 9 2 i - F F et R 82 fagGfe o 4

WRIRTETRETREF AT -

2.3.3 £ ##F-¥ i ®% (Ginzburg-Landau theory)
& W Ffe P AT A S HchPR L 0 - B UL (Ginzburg-Landau theory
Fé?ﬁd{- G-Ltheory) » * mifsitAg R B A LT HE L 0 112 H o p g

T o IR TR R R ToHiT 0 RIEAE S AT Y hRi G

SRt BN EMIFERERE D N ARm AT EEZFIRT AL EM R
R T T ER LA Sl SR A& o A
2 ﬁ 4-
f() = fatalpMI"+ S Y@ +

(2.13)

K-

He LA FEPI R BAE MF TR afcfAfril Rt Mehdgdk 2 >0
FEFpY o ald ¥ BERARAM D Na=a(T-T,) > #1174
T<T, P> ssiihizt2 B 80 44 RIS B S8R 8L R
SECRAP PR KR R R B —dAV B 5 —AV — 2ed 0 b P4~ BB

NEIS o pd AT A

B

- 2 T AV — 2eA 2 1
£:0) = fu+ alp P + S0 + = |(=ih¥ = 2240w +

(2.14)

He cH kg o mHrid g 20 GLELHY RLET T ImH =7 1152 BCS
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Wk A BRI eXfEnRE T Apaltle gragp d i npd
F(p,A) = f L
(2.15)
o o Hrpd LIS WA SRS IR, VED S RE-P
feo AR HERA AT T T2 BT B R RP .

Bl LSt E L AL E R - 4 UFPE R

2

ap + BYlY|? + —ihV — 2eA(r)) Y =0

(2.16)
PO RHUER FEEZFY DA o
Bdailde o gL BRI E O FINFI AW F-FE A2 T
LRI IADREERE S 8E TEEZM G
. _ZehI { *(V ‘ZeA) }
(2.17)
2.3.4 4+ & B (coherence length)

Bh - EWEFE NG o F5 AARQEEPER T R p R

Rt

(P#0pfd i mafdhlia) Rax-a(l-7)<0 F4ak

c

“E’ga_

=k

mt

b0 e S AT ERB AT R R AT E X pd RRAR R R T
KB=Po>0 27T EIREPFDPALT T REBFI T OEREL &Y
A=00 578 bAgER R A PHIT o 7 L BYI2 AR L B FEIE Lok H 5 #G-L
S AT G APl e @ 5
1
Eaﬂ—mv—mmY+azp:0
(2.18)
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?E:/:.I;ﬁ;"
h? d?
Tomd ¥ T Y
(2.19)
v EN T ER
) h?
= tix/§ =
p=e 3 2m*a
(2.20)

W ERDPFELEGARERRE L AEFP T Bab ] 2B R - § 5 pH3 Y
RSP PHARET AR S R AR B F TR AR
B4 B AR A B A BHBN T E R s

1 2eH
En=hwc<§+n> yWe = ——

(2.21)
FERRPE NG AL a /PP RDT ABFETRE SRR F > n=0 >

@=E,fré= |——> Fma

2m*a

@

H),=——,6 &y =—
27 2mE2’ 0T 2e

(2.22)
HP o, 5 EF (magnetic flux quantum) -

Bis ke BCS ik @ 42 4 enFH 4p+ £ & (intrinsic coherence length) 3

_ 2hvg

0=
nEg

(2.23)

B E R vp A2 25 RO gt BCSdhinin? BB % -
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235 KRB THEIFR

G-L im0 — By EAZFRRE hb- rE A= > 7 5FOLHAGL 2
W SRR R Y R T R 0 (RRE AR MO R A
&b e ) VS, b B Sdiem B S

Y(r) = [ple?®

(2.24)
F % G-L A (7P
2eh 2e
o = 2 (Ve——A
o = — WI? (V0 ——A)
(2.25)
T IBALTE R B HPER auE i
dj, nge?
2 E
ot m*
(2.26)
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o Ad E=——on ARFLFRA S ALERLEMT DR

3 <
r
gy
P
¥
|
d
S
s

] nge?
]S=_ m* A
(2.27)
74 (2.21) PR B 1
2
e
VX]S:_ S*
(2.28)
L3y o ool
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= Fl# g 7 & (Ampere's Law)

VXB = o]
(2.29)
fe BB E LTV XV XB=V(V-B) — V2B §2 35|
VB=—B A= |
A? Uonse?
(2.30)
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0 —— ///// /
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2.3.6 ##&*2 (Dirty Limit) #-3)
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’l;/__‘ HCl ’ ‘,'g&[ ]

Pl & X FIBEER
AT THIEAT R L)

-

T ’ﬁ 3T

£ B2 R EAT R

A58 Aegr > B

k| (superfluid stiffness ) "%

BLIRY ML E

CFUEGTEIFR A

S RH 4 s F P A B

mMle 1% - e A 2 0 T RAES
26

doi:10.6342/NTU202600632



0
H.o=—2 Mnk+C
c1 4nz§ﬁ(T)[11K ]

(2.31)
B @y aBULEF kg, =A/ER £ W E-FE S C 5 B e iAo
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2.3.7 Werthamer-Helfand-Hohenberg (WHH) #-3)
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2.3.8 Pauli ¥4 (Pauli Paramagnetic Limit)
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Fo —J ¢pd?

~ Fo - ad4

(e)
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2.4.4 Bean 5% £ #-% (Bean model)

Bean 7&® it #-%] (critical state model) ¢ C. P. Bean »t 1962 & # #1571, g &
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wBean A Y o F BRI HAAE T RABE Hy 6 B Fap A doo
ErAZEMPA N T ATHEEY AN DRSS o d BB At

poj(r) =V XB
(2.44)
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-148°
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— 4 - —
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By =% pod
0= 7 Hole? Bo=poJca By = 2u4J.a
Figure Dependence of the internal magnetic field B,(x), current density J,(x). and pinning
force F,(x) on the strength of the applied magnetic field B, for normalized applied fields given by
(a) By/pod.a= L By/pol.a =1, and (c) By/pgJ.a=2. This and subsequent figures are drawn for

the Bean model. There is a field free region in the center for case (a), while case (b) represents the
boundary between the presence versus the absence of such a region
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(a) (b)

T B“W L- q
By - B*I R B, + B -
B - B 4
A L
0 x 0 x
Figure Examples of (a) shielded flux (shaded) for an

increasing applied field. and (b) trapped flux (shaded) for a decreas-
ing applied field.
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2.45 % & 42 # (surface superconductivity )
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BT A AEGET N B L R T ERF R M S

HAE hnaFRiitg BOEFERS R BFAE IR § p o F D
dA AR G RO IR R F FR S A R A2 P BB E

B AT EAp R 2R M KA 513 BKT 4p % 0 4B (2.18) #77 - Eh R

B Tekr o 4B k-2 0 &% BB 5N

kgTpkr = gps(TBKT)

(2.57)

B¢ ps(Tgkr) = Tprr FFerdp hft o F o > BKT p% % 2 M a2t g
TR

V o 19T

(2.58)

B dpdca(T) > Tegr TR F R > L AR T ERUFEa=3"

prh s IR AR WY A TREEINEV IRFEF OV F PR S

g FE 2R R B s gt PRy 2 4% BKT 3% 17 5 &y if e E4p %

e & v if oz 2e (19200 6
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Single vortices

Tight pair of vortices ~ ~ 1. ‘)

LOWER TEMPERATURE <+————— TOPOLOGICAL PHASE TRANSITION

HIGHER TEMPERATURE

B 2.18 XY model ¥ - =8 2k & 2 3 8 F %% - Illustration: © Johan

Jarnestad/The Royal Swedish Academy of Sciences

2.5.2 33 B8 s (Weak Localization » WL ) £33 & B i 3 ( Weak Anti-
Localization » WAL )

LISE S MEBHEET BT I eAt EAMFA S RFTF AL
FOHEARY T LI F R P £ RIL B A A

dOR T eral o BT B0 SRS 53 A B o e(WL)E 53 F A 8 2% ls(WAL )

Nhud

R P*#i%’”‘{j\ﬂ THAdMETE R E S B ET

( quantum correction to conductivity ) 17181 .
TR DA ET AR SR T (RS G ) Y - e

HFdrtg o w2 AT A e ARFpHAp L eniRT » B wiE 3

P= (A +A") " =44

M S B LSRR B TS v EROHOB S ies Sl E R B0
L

Az p 8l .
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PR oo g kWY 33 Adh poEdniE 8 & (spin—orbit coupling, SOC) BF - 7 5 A
FebtiEARY Hp D e € B ey a g2 > Tgpetsl o Bz (Berry
phase) o Fp ¥ el ERA EEFFFBEREFAI AP LI PIviES IR 2

TN 2 2

s T n
P= (A*elZ +Ae 12) = [2Acos (E)] =0
(2.60)
SUPET I L BRI W drdlw AT A T S AR B R L el
B - AR T 0 F 4 g ¢ sepiid £ #7310 » 5 Aharonov-Bohm 4p i ¢ 1 &

PRPUEME Y IR B RERSFT RS

2

P = (A+ ‘ﬁe(g+A e Be” 2) [2Acos(¢+ﬁ)]
(2.61)
BT AT S WK R R S I £ S o T
2 WAL 354 M8k 5 acp .
dRERE A RNRET T AT G

0 =00+ 0w, waL T ON =0p £ a(T)VH + (pno + ANH? )™t

(2.62)

H?Y 0558 Drude ¥T 5 oyl . waLpr EFFHB I A oy Bl A T ¥ B

BEIEFRE ¥ B8 0 SR ON AR Bl RALSUL S TR AyRUE R AR M TR

H00 o g B A u R WL 22 WAL (75 od 07 s WL A S MEsT e %

i % ¥
AR A P2 om WAL ARBERET FCEFH on T % oo
4B 2.19 (a) #r7 o

prrh o d 3 F TR AR AR R R R R AR

* OwL . waL TR TR AL

SR R M o B219 (D) A AMERSE BT IEEA S L RHESS
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P oah gl B30 0 @ BT FABT G i w1 09
B220 7 LREM 7 5 e p b B4 LT R T PRI R R

FHER WL @ 22§ 3 SOC & p % 8 4 b i std > BURET KR ER

WAL o d »t55 SOC # B3t Mg ~ ik et & § dpf & 6 Genitl o A

WAL % ik 5 287 4 583 & & M d p A £+ e & 451507180 .

do - - (a) ol (b)

SOWL -~ WAL

AT - -

. Y ~ .
U - .
A

WAL WL

I 0 1 B 0.1 i 0 T

219 (a) 0B *80=0(B)—0 (0) - WAL fv WL 1 5 E F 253 4
DR e 2 SIS SRR BT B B LE (5) o (D) 45 i WAL

fr WL @ 5Pl 2B R en® A% BRBEF A Lopdsf e 1.

b
% n >2\<
ﬁ”" e ¥
\ \

% %

Weak Locallzatlon Weak
Anti-Localization

Bl 220 &7 5 b p B EH TOFIRT ORFR T RS TuE RS O ER WL

@ EF 5 SOC 2 p -t 84 T en ks » AR T R % WAL - 2
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Y& RHRZ

ARk PRI R EM R AR E TR E R E T G

o2 AR ERT EFFERE AL PRE - AR EIFH A 27 XRD

&
—=
N
%\

ERth 5 8 2 Rl W o ¥ - R iR RIS S Y I g
$E3F %k (SQUID %/5. MPMS3) & At B Rl ki To &3 B &R - &
FArALEEFFH KR (SQUID 4150 MPMS2) g {7 R 422 ] » Bl & hR I

F Hyp MR2 BR o % Fat o bois @ ¥ it £4c5 X 54303# (EDS) i 7 =4 A

170 FERE { g~ F E o i ARAcoR 3.1 -

& M AgSn,_Bi Se,

XRD

==
o
| mewE
o
e

£ %

EDS

Bl 3.1 7 % A2
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32W#
3213 FEARE

KT G AR R nB R P IV PR A b e % B i i R R e
FRERE P E R RIE R F S AR R e S E AR R
Feingplo gt KEF M4 £ T 1100 °C» 2 e f2 TR &R asF L FE1°Cup - KR
% 850 °C¥] 1000 °Ceif & 4% B M i€ * IR i€ (74 2850 °Cr0 ™ * AL w i

Bk & apEis - @ I‘#f*/i‘ BlR TR REEFERGTHRM 23 '/EQ% b B4 R

(3.2) :

BI3.2 % 8% % 2 ingtl®

3.2.2 #l42

Ay 2 Bl et g v L Aurt e 52 8 B x (A,
99.9%) - 474%_(Sn,99.9%) ~m 4 % (Se,99.9%) i it F AL Rfr - % £ HH
o BRI REZERE R RE FNET BROEEE T FIRRE AR
FEHE AR EAEY RA4cT B o F ] P 150 °C chiE F oA ] 970 °C 18 #R
6] % 15| B00CC (SHEE AB [ BF 0 2 (5P AR T 2R o HUT R L AL

—

PR RS S HE TR F RSRE 0 btk BT 5x10%torr 24 -
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970°C 6/]\iF

800 °C 48/\HF

i ]

Bl 33 B AR T & H

ESURENRERS £HEE T B BISROERS AR T 2 B

AXB o CREAXE > R PE o 2 S4B (34)

Bl 3.4 % &1 ELE
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33 B A

3.3.1 X sk ¥4t % (X-ray Diffractometer » XRD)

1913 # » W.L.Bragg &2 W. H. Bragg 45 ! » § % 7 #F 3t & h X L » 6t &
0 PRETT L ABRF > S AN RPN DS RT G §#F N X kAL H R
BE o BB RT G rRE btz Xkajhfgd L 2n & H BB o £ ok 2 B
FAARE T KA A8 PR eSS o 4o B 35 #ror %o stz 2 v 4 Bragg
TELT

2dsind =nA(n=1,23 ..)

(3.1)
He on Z4strigeod 2 MY ELRT G ZFFE LM G 28 X k2 & o

o RS S A R BT - H P E AR B £ AT

A i Bruker 2 7 2 32 D2 PHASER %] X %46tk (4@ 3.6) i&f7
2R

BloZREBUT T A AT A Y XK1 88 7 Ky (ML=15406A) ~ K,y (A

=1.5444 7 ) = K (A=1.39221 A) S EHadg st > (75 S5t 7 071 * 2. kiR o

Incident X-rays Diffracted X-rays

2d sinB
= total

‘ ‘ path length

difference

® O 0 @ @
d sinB

B 3.5 # £ 2 5 R 4547 R B o Adapted from Anton Paar Wiki: “X-ray diffraction (XRD) ”
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M 3.6 D2 PHASER X 35t %

3.3.2SQUID & p] % sb

Az - F + F # &k (Superconducting Quantum Interference Device » SQUID ) &_—
AL B & &L 426 (Josephsonjunction) #rf = h@ & ST R B P
Ao B RIRIDGEEGRBELE DR > TRE R HEHT RAG T

8 AR R A BRIP4 SQUID P AR 2 E AR B SRR BE

= >
\QN

6
BIER > T W RS s 1L 85,

A %Y o B T R R A B3 * Quantum Design o 2 #r8]i$ 2. MPMS2 #2
MPMS3 i 5t (4 3.7 (a) 28 37 (b) “t7 ) ig il 2% 22 h v i 0 2

6T eth sl > ¥ 2 % 20K 1 350K ehif Ry dlic 4 o BB RIS 5

e

/‘.

&h

~ FORGR 2 4k S BgERe vt #2 Keithley 220 F iR 4R «Lj e ¢

kg

oo e pER B R Keithley 182 7 R 28 P33 7 B EL o 5 "8 M b 3RT 3 522

6”34
11\«

RGP R 2 B BT ML AR B DA RRE AR LERE
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(a) (b)

i

B37REE+F &R (a) A5 MPMS2 (b) MPMS3 -

333 T8
THRRERY e BERE > FARAT o d 3B 5 BRARET I 1
2R R 2 BT RL F F MR T IS 4 BRAT o L SRR B R

el TREG AL AT 0 DG T A5M 0 1FL LEA 2 BLERMDE Y

B 38r ZERTLE > Ad B 2HES FRLER-
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3.3.4 it B ic% X 43z (Energy-dispersive X-ray spectroscopy » EDS)

o B AT X SaGH (EDS) - % * 2 F @it § 2 & 7 i
HRELERES AL T~ 8 X BREF 0 T F 8 18 omast ) e X &
ﬁﬁi’%&gwﬁgﬂ%gﬁiéﬁﬁoé%zki%&ﬁ%%ﬁ&éﬁ%%ﬁa

B oty g

@

e X ARG LA > F T RS A F w2 &k o

EDS s 5Li & d gt il ~ X STAUR R R ~ "R iredT 8 700 2 g0 47 % S

o X FELENFT AN HHE (TEM) &5 2 7 3 His (SEM) % &
Be o AF i * EDS 2 OXFORD X-MaxN TSR ]85 » £ 74k e % A 45 o

Ap g R £ F 4T X AR Sk 3% (Wavelength-dispersive X-ray Spectroscopy * WDS ) »
EDS & i iEiieff if 2 B* 4 2 123 FRu 8 o B 347 RApHH I gt 2
B &g @A A deg % F 3 A3 (Auger Electron Spectroscopy » AES)
2 X BH&E T+ i % (X-ray Photoelectron Spectroscopy > XPS) » 7+ % # 3t 2 % &

SEALE £ ¥ E3 Sl 228 T
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Srd RRBEAHB
4.1 Agsnl-xBixSQZ «-%"}#—-ﬁ KR
4.1.1 XRD # ¥

-

SO HE Sk F A FE 5 AgSnaBixSez 0 A FF 3 %% 7 https://www.crystall
ography.net/cod/1509540.html #% & 7 AgSnSex #% % » ¥ 3] XRD pattern » ¢ 2 % &
=% (20) 2 (hk!l) -1 2475 PFa XRD gttt 0 407 B (4.1) :

AgSn, Bi Se,

l x=0.2
PSR P TIATere, T | L e i P ~
2 “l e 0 15
C _____
L
= P = 0.1
A L J\
= .05
d .._J AL R
m —_—
oo i
l DataBase
i JL A i A
) 1 5 l:1> | :'> 1 '> 1 '> | >'
10 20 53 40 % 50 %60 % 70 % 80

Bl41l4# 5 XRD Bl > 2 ¢ 9 554345 - 55 XRD eosg )75 H 6 gr¢d 9 s4cBlHE

BT o
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AgSn,_Bi Se,

Intensity
8
| I
¢ o
,—\
ot

J\,L DataBase

29 30 31 32 33 34

Bl 42 20 =31°%pitamc B » 229 a(h k, 1) = (2,0,0) -

B (42) 7 P g dlx=0H &= 2 pEETFRIOBIH - TF BB P 4%
R AL RS x=0152 B4k b DIRATHE 5 L7 P AT 0 d 3

AgSnSe; fr AgBiSez T 4pcrip fE R (XM > TUEE K B B RE o BT é[l?%a‘;q a1

\"1-
~=h

BRRTTG AR BRE  ARFLY AR B B A

SO TP - R =g PR
BT RFwP A RETR R TR - I A B F r»n=12Z8%L37 vz
ﬁ 20 > %EE'JEﬁBEB*%Fé&ﬁEd s i_” Be ,J (CUb|C> mga’}é#ﬁ(‘ ‘\‘:

1 R+ k*+ 1P
az - a?

(4.1)
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fe P a=b=ced » A HREFHETI SRV FZaT 4L

241338 8 B ¥ R 4
o A

1 & x =0 x =005 x=01 x=015 x=02 x=025 x=0.3

a 5.678 5.727 5.694 5.703 5.710 5.716 5.732

TR = 04k E ek e F Bt £ IERIEE (a=568A) EFBRE R
= ’aﬂaﬁﬁﬁi%* ’%fp%’g;—iijf_‘_ﬁi{gg'% ‘:"f”é&:}?}%a@aaa ;'“; ) g Baaﬁ"%"" >x=0.05
Pos B ¥ e 1 ¥ o SRR BBk R G RRI RS o R

eit B =4 JF fais F e EDS ) o

4.1.2 EDS 4 45
% (42) LEDS #1718 > L &BREZEFBRLIDHRL - EDE =L
AN BRSSP R R

42 E- NS 0 1R A

AgSn1xBixSe, H %
#reg Ag Sn Bi Se ERBeE | REAR
x=0 25.19 25.89 0 48.91 0 So
x=0.05 26.33 20.18 5.85 47.64 0.234 So.25
x=0.10 25.33 24.05 2.56 48.07 0.102 So1
x=0.15 25.86 22.47 4.00 47.68 0.160 So.15
x=0.20 24.88 20.89 5.20 49.02 0.208 So2
x=0.25 27.96 26.08 1.30 44.66 0.052 So.05
x=10.30 26.83 18.92 7.49 46.76 0.300 Sos
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F 53 d 0234 kb &% Soxs e

4.2 A 45
421 i R¥ER M-T W

AZEM L Te T ¢ RMFRM S EFEA T B F ARl A4 2
g MEFRENRARERR AR R ARSI ORRT AR ET 2K |
40 50e gL R ERE 0 A RNERPEEBEEME I SRTPE A
246 | & ¥ A5 ZFC iRl o & I hpAEtS L REAR 0 7 SIRAR AT % R My s
FF T O

4ATMy meas

Xvmeas = T (sh+#1)
(4.4)

B H g H s WERAE " S Aymeas * BER Y ZEFT BT 0 LB

FI

FikgFnB e ko> v 3 Mo 2R RERETES 08 2ax2bXx2c®

@}i}-:;:_’gi‘%"ﬂ}:ir%’ \:‘a<b,§,\ﬁ,| ﬁ‘fpﬁ,Ck}g_}im«i’fiﬂg};“

~ 4ab
~ 4ab +3c(a +b)
(4.2)
y, = —Xvmeas
v 1— NXv,meaS
(4.3)
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T3

Bt oy, o BB Shy, $ERGREIR (43)

o
Yt

AgSn,_Bi Se,

Bl 43t 5 50e BT gt ¥ v, 48R B (ZFC)

B¢ ¥ g 3975 RS P RORERE - RERSBERHERISREY G5
FERAMESL R R AREIREE x, =02 B2 B R AL LB SDR
BRERE T, (&rB437 87 ) o B2 £ (43) & iTH:

A3 EFRERRER L

¥+ K
& So So.05 So1 So.15 So.2 So.25 So3
T, 4.34 4.78 4.88 4.79 4.80 457 4.49
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AgSn, Bi Se,

4.3

1 1 I I 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

IR (4.4) ¥ R T Bi 4250 € 1@ AgSNSe, i T, 2 > 50 E x=0.1 pFif 55
BhT, =488K > * x=01 it « afbtpd ER - $ 5225

#0257z (8 0 T, 4T "% o

0.3
FC {

Magnetization (emu/g)
o
&

025 | Xo=1° H =10 Oe
AgSn1_XBixSe2
-0.3 1 1 1 1 1
0 1 2 3 4 5 6

Temperature (K)

Bl 45 :cihp = [}?&[21] B & M-T B
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e §)

B (45) »3zv e R hT R&E 23 ko #-FC {o ZFC it & s

BEEEL T, @45 0501024003 chTch 5 47K 52K 51K fr4 K

AR R RIc AT T R T, R E@ N ip e ARR S THeE 201

T

WRBRERE T, T - APy 2 BpEEAT g F L AL RAM

422 Rt 5 & SRS

=T KRBT Sor RS R BEAR M B2 RERT O M-T FRH > #F 3]

B (45)

» MY Te T Sorn"EFBFTRE AR BB > TR 2R

Bt m BRI - TR BERR DR RERME S L EFORESE SRR

TEF SRR B Hey o F H RS B NS T A R R P

BRIy - *ﬁi’é%ﬁ'mﬁ AT E e #-H.q R R TE > 716 (46)
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0.5 — ]
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= o
&
5 o
=15 e
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25
T
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H (Oe¢)
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Bl (46) ° 2¢ 9% 2K THhen® T BB 8 fre ke R A R 2
WO F AR T S 0 0 RGBS L B 5 TR R N3%FENH B
FLmE R TREBEE Hy %73 PR RSP H, $HER FH > FF(46)(a)
BEFEYHBEBEULONESE T UED Hq0) @ % BERUEE 2 > F T A
AgSnSe; t2 e @ 510 G-L $dickg, = 55 0 AAp§ R s C A

Hpe a5 o 3l S-wave $HAE o BRI E 24 5

Hoi(T) = Hoy (0) o) o (A
cl - cl A(O) an (ZkBT)
(4.4)
He o AT) 5% R Az it i 0 37 BCS I3 chif 13
A(T) /Tc \
m = tanh [174 ? -1
(45)

@ R Mg s BCS &L T a2 e A(0) = 1.76kgT,.» i » T, = 488K %t &
t5 > B3 So1ehH(0) X5 25306 LB (47) » % tgAQiE = fgwﬂﬂ AgSnSe; 2

B3I 15 Hep (0) = 15.8 0es < ik i¢ # 4a ke e S ffrehis & 2 FI(4.7)(b)e

(a) (b)
. Sus 5 ‘
' (b) %= 44K
4| 5 1
e"
g 3 i“; v
o 9 3 v 118K
= ;H (c")g)o 1 2
et H(10 Oe)
0 i 1 1 n 1 1
UO‘O 0"5 W.rE) WTS E‘IO .‘!TS .’,TO 3:5 4:0 475 5.0 0 1 2 3 4 5

T(K)

Bl 4.7 (a) So1 7™ A B3 ¥R 2 B (b) AgSnSe; T Tt B4R A B> H ¥ & d

P S5 WEFUR S (b) AgSNSe, T TR BHSHE R Bl (AL BB ) o ity B
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YU R SR B Bt So g8 4o 1) 12000 Oe 8 B et MBS B DB
B i BSE %4 ¥ - 2 w3 120000e 0 £ 5 Med B R S A B E o
ARl E A ARSET FRET RIE 9 iR PR RS OEE T8 e B
FUSEH (48)  SEHR ST @I L IR DEL - 0T I F RS LR
P B 550 0 30 W 4295 Beammodel i i ;¢ (2.48) it (249) kR E

Wh LA HAJ 2 Ed R,
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WARBCHBRR TN RRIER S S4T 0 T IL R AL -
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o TRFARAEN O BRETESH A RF o METTRE R w7 AR BT 5

[AagFd Raff > §RARA AT, (B® 55K) k&2 EH P s k-
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%3 (248)

B (4.9) % So1 7 iR
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o BREER
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B RAT T, FABITH R

ERRYEE S
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e
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e
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