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Discovering High-Temperature Conventional Superconductors via Machine Learning

CUI Zhigiang', LUO Ying', ZHANG Yunwei '
(1. School of Physics, Sun Yat-sen University, Guangzhou 510275, China; 2. Guangdong Provincial Key Laboratory of
Magnetoelectric Physics and Devices, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Searching for high-temperature ambient-pressure superconductors is a challenge in materials science. Machine learning has
a promising application in materials discovery. A data-driven approach that overcomes low-data limitations by computationally
inexpensive descriptors based on the Bardeen-Cooper-Schrieffer (BCS) theory and semi-supervised learning was proposed. The
accuracy of the classification mode is 72%. This approach can screen over 10 000 binary and ternary BCS compounds in the Material
Project database, thus identifying some promising superconductors at ambient pressure. The compounds in B-C and B-C-N systems
have a maximum superconducting critical temperature (T¢) of 60 K, which is greater than that for MgB, (i.e., Tc=39 K)

Keywords: high-temperature superconductors; semi-supervised learning; materials design; neural networks

B F AR T AR IR T 2 FH,
HAE—E A T BA =5 BRI R ) e Puie It |
Josephson RN 46 B SRS B4 1 MUK 14, ALk
TE1E Z U R T NN AT, a0 By 45
IR REFEIR BARAX, S M ARSI KA &
f L P05 R A SR TSR 1) v B I R T
1911 FFfaf 2B K7 ORI 4.2 K T & 87K
AAESBIELCR, AR FAIE8U T AR T

AR B 2022-11-27., BT H#: 2022-12-25.

BEE&EWH: TTREBBEWME SIS 8 E SR E I BOR
(2022B1212010008) % BIIE H .

H{EF. BEMA997), B, WiLwIRA.

BEEE: KEp1989—), &, {d, Ei#ER.

S SR, RN RS R R S AL .

1957 4 Bardeen-Cooper-Schrieffer (BCS)# F
HAE P ST B R T H I S AR b A T
HFEE S B . BCS BISHES T2 — M
Ji BE AR n] DL A A A A0 R R A 1 S A
B (Te), SR, 757 Z ARl 23 (8] R R R IBTE
L AR B A B, KRR
7 VAR HE B T S R R B Sk,

Received date: 2022—-11-27. Revised date: 2022—-12-25.

First author: CUI Zhiqiang (1977-), male, Master candidate.

E-mail: cuizhq3@mail2.sysu.edu.cn

Correspondent author: ZHANG Yunwei (1989-), female, Ph.D., Associate
Professor.

E-mail: zhangyunw@mail.sysu.edu.cn



. 412 - (RERR Sh22 30

J Chin Ceram Soc, 2023, 51(2): 411415

2023 4F

VAR, Z545 — Ve IR B R R R 1 S Ak
gk K 4 22 75 1k E T 2 v TR R SRR T
157 RESERE B fn 2014 4F Li 28] CALYPSO
TIETE T mACE AR R R T SR SR
PP, 5% T Drozdov ST SRIRIRER, FASE 155
GPa FIiZAk R MEE 1 ik 203 K 1 Te (i
X RIIAEZER TRZEZRANE T BCS HigiH
(1 MacMillan B%FR (39 K)M, I HATHE T AH S
PRI S RRE T 10 2 AR EiRE
Salxk.

Liu #l Peng 5715 1 =ikt 210 GPa | LaH,o 5
AT IR R AR IR (274286 K)'PL, 2019 4Fi%
FRBTH E BB Drozdov BIRASEEGERE . I B
ol IR SR T 5 A W s OB S A ),
Hig EABRGEE s S, JEREEHE
i S S B e S AR A% GE I 85— 1k SR B A
TR Te, TEFETRREMTHE IR KA H
ZITVEAE ORI R e v T e vl v S RO
S MR A P

BT KB ML 88 5 ) J7 iR RE S MO T A R
AN, AN 75 35T Ge 22 B8 B T i 2 AR
SRR, B AEEA R B0, TRk,
JUFRBE % FRIGE S AR Te (8 AL 88 27 > BRI ol T
RPN BRI, R A A R HR P A TR i N B/
S YEALHE S B T AT R AN
R, ek, TR ERFL, T EOH PR
R AN, S EUX LR R AE X 51 LA A [
WA R R ARG . T, AR
TR M SAEL, W BCS A8 S AR B &
s, TRIMRE AR T R L R S AR 2 R AR I
kb SR, FEH KU TR} R AL AT A T BT
H S 08 SR GV T B T AT BIE - Xie
L2010 FE T LR B S B IR BN (R8s 27 ST R,
HEFR R T Te M5B AERMEHRERMNE R KR 2R
M, BRI e rh /D AH R I F S R 25 0
DR A2 RS R AT 3 LS. FH T KA R 2R

BCS i FHL AR BULES 2 S B8 (1 i\ R4
BT EIE S . YR BCS Bk, W SIASHE
TR TR B DIRC, TREH S5 T A%
AT EE R BN S LI SRR o AT ARSI Te 115
RS T R A S R R S R
534S, B EAVEN R RO N BT

SR, SEEGERFE S E ORI BCS B SR 3ES
PR, T/ INEIRAE SRR OHL s SRR EA Pk

PEo EAFESEMNE, RECHE SR EEAR,
{EAPRIEEE A G Materials Project™ rPfE7E K& 1 HL 1
H5E1EdE, SHESMWRAEFEERE KSR, ATE
FE ) FH 2 BB A ) D7 ke v i N B T vl . i
ok, CRIEBE I AT HARE E AR R R ]
AP, 8 A D BEAROREAS, K Bm 42 bR
OEOL R, o] LIS W B 2 21 07, T Tobric i
ARG HRCFE A Z [ FIARACURE  TohR e AT LR 1 7 A
X2 MO AR, XNTARE AR T AR IC . i8S
JRARIE IR RIE e ADRAR 23 H) b 5 T34, DRI %
FEARARSEL S, R TR AR 2= [ AT X1 43

FIFEIR B 22 S R T AR, T
PRLI) -5 75 1 0T 5 R S R e ) PR S G 2R
AR AL G ) B 2 IR S, AEX 8 SR
AT KBRS e . gk, R R R
AT Materials Project 1 10 000 F — oAl = ot
EYAT TR, FERALBIHT 20 M-S YIEAT T
—PEJFEHETHR, RIF T Te, RN EXEATTRE S
PEREAT T30 UF . ABIRAE 2 Rl T S A B AL
Yirh TR 3 T BHA B Te (20~60 K)RIEF R 1%
U B-C F1 B-C-N 2 SEBRALYI NG, 2t — B EAR o #r
TR S L .

1 AL %

1.1 FEEBAE

5T BCS #it, ML T — RIIRAE BT HFE T
PEFR B R O 2 I R R N . LR
&3 MOAFEYIEE: Fermi MALSHEM, LMLIR
TR LA Fermi THMHEMREHE. R &N
U

1) Fermi AR EME. T BCS HiRH
McMillan 2 RPOBEE 5L Gl S ARG T A :

TC _ a)log exp| — 10*4(1+ﬂ,) (1)
12 A— i (1+0.622)

He: o, 2 TEIFFIRIMA;  u* 2 Coulombic
#e ARHETHEFRAEEY, EWAUE T I
HHSRRE I e A3 4

R4 McMillan-Hopfield A=Y, 775 748
&2 BAm NN
N(Ep)!?
M o (2)
Hrp: N(Ep) & Fermi HIMAEEME: M 2F T
B (@) A TR TRIME: | REAREH
%, HR(D)FRQ)ITH: Te 5 Fermi AL ¥

ﬂ/:

=



5% 51 55 2 )

R S BN SO SR . 413 -

N(Ep) BIELL, DRV EUZ Y HE S /E AR i N
BZ

2) ZJE T E

WRIE(), Te 5FE TR o, A5, RiMHF
FEFIETHEEOFERT, X BIRATIR L A Y T
RN UR Te 5 o, FIRR. BLoote
GV, 2 BT RBLE A mATM , gy
FREA MM /(Mm+M) .

3) Fermi [fi B i/ 57 (i

MBI RET i thoE T H B, Z2Hh—1
RAEHE FRE W EEY) R . 0, BCS #SAM
Fermi [fl P8 3 23 tH I By APaty o R By &
Wl T AR I iR, 1P B R ¥ T
BRECK I AB L. M, L Fermi BEZ Ffir
5 ZRAETTTESS H R AR S B BUE, 1ENEE 3 Pl
R N ERR To SRETMTIRIN ST KR
1.2 FEEEIERR

BRS 7T, R 0B 2 2] O ik R 2 e e
PEr R ER(E B, BUBR R B iR N &
LA, H Te ARFNMEHE 55 . MAFR 2 e % 3k
32 KEE: 1) RALE T8 BR8] 2
FUIFHICHT, AT B SCAL H rh — AN\ & 1T AN R
HmdmNg, B, REREAGEEEE AR
AR F4509 5 T AR R, 5] RLE B 5RAA
[ AR H 7 S50 2 0] 58 RIAE R, AT 42 A2
HERATE; 2) BA A IR BHE S 4E A B A 2
[ HAH RGO, A 2 AT AR R T, 5B
G DR BRI AR, B R T Re
K. NIUER] FaRHEWT, FIH t-SNE 773200 4
RN E AT R AEAC T, R IR RS S A RHEAR
HERPRE A S R A T R (W 1 ATR).

2 ZER54%

2.1 HEBUEMMY

HT RN SR SuperCon Y12k T
B A IR, AR S IR TR 53
ANE R BCS SR 42 AN BB SR, JERR2E
#4954 Material Project 12 7 000 4~ GF1 =0tk
G0, FTABACN 3 EATme S s, 25
16 MIZIG. FT 0B 2 5] MixmactchP 7 ik
HI IR RN L AT B 2B A0, BRI A XS
PREE IR 2B A R0, 1 ABE Y e 8 v 4 I L 2 15
A BCS i Sk, K] 2 ML) Receiver operating
characteristic curve (ROC)HiZEkfl Area under the

curve (AUC)H, [FII 5 B2 ST i AEmR I 2047 1 B
5. WILF|H T Materials project H 7 224 MNARIRES
e, I B ) 4 R UER It v T R 5 2T 10%
HRTHE 72 %.

1 IRHEARIRE 23 1] o 3 Hh 20 R bR 2 45 (O e
AR SRR, KO TEAR (DT S
RH Te FIRFEL

Fig. 1 Two-dimensional materials space. Red (known

superconductors) and blue (known

non-superconductors) marks represent labeled data,
grey marks are unlabeled data
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Fig. 2 Receiver operating characteristic (ROC) curve of

semi-supervised learning and supervised learning
methods
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phonon coupling integration of A(®) of B,CN
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