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SC-CoMiIcs: A Superconductivity Corpus for Materials Informatics

Kyosuke Yamaguchi', Ryoji Asahi’, Yutaka Sasaki'
!Toyota Technological Institute
2-12-1 Hisakata, Tenpaku-ku, Nagoya, 468-8511 Japan
“Toyota Central R&D Labs., Inc., 41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan

[ 1. Tagged corpus development ]
Annotation .

: T what
| - _ guldﬁl}_r?e o m | .
el -.'J < |
Scientific abstracts — i_-% ~
on — — —~ |

superconductivity — *fr \* -

Manual
annotation

[ 2. |[E system construction ]

Train
independently

Extracted Main Material Element | Tc | Dopant| Site
|Namcd Entity Element set ain Wlateria YBCO Bi203

Relation E— Classification BI25r2CaCu208 | 60K -

Model Lal5BalbCu3n? | - | Ca | La

Event NdBaSrCu30T— & 77K | Ca | Nd
Extraction Model _ L

Rule based slot extraction

Extracted slots

Xk, FEFN L —T 0 R—YtET—2R—X 1t
Yamaguchi, Asahi, Sasaki, Adv. Eng. Inf. 54, 101768 (2022)



-xample of the corpus construction

Document collection Annotation design Manual annotation

Named Entit Two workers

Characterization, o O
evorl e mm

Value, SC
..
L5 o

1,000 abstracts Doping || Equivalent "o B
Dopant Target

Site Condition

ScienceDirect
Web APIs

on superconductivity

Tagged corpus




Annotation examples

Target
T Cig

In the history of superconductors Fe-based superconductor LnFePnO1-x F x (1111) has the highest T c at ~58K except Cu-based 0>(|de superconductors.

Dppant

'Electron‘ dpplng by subst|tut|0n of 02 with F was essential to induce superconductmty

 Materlal]
Local structures around iron are found to have a good empirical relation to T c.
 Material [Material  [Material)
Maximum T c is observed for 1111 materials having nearly regular tetrahedral FeA54 local structures.
The T ¢ and upper crltlcal field of 1111 compounds are very attractive for power cable under high magnet|c flelds although fabrication of practical
Mad

superconductlng wires is a tough challenge due to the difficulty in controlling the F contents during a processing for ex-situ powder in- tube method.

brat rapid annotation tool: https://brat.nlplab.org/index.html



- xtractions of superconducting materials and 1c¢

v'Construct a new corpus, SC-CoMlcs, for superconducting material

information extraction and apply deep learning to confirm the

usefulness of the corpus in the superconducting materials search.

L Extraction

‘Abstracts wrt. | _
“superconductivity|

Material Trans.Temp. Doping
I A Il_l 1 A 1
Element Tc Dopant | Site
YBCO - Bi203
Bi2Sr2CaCu208 60K - -
La1.5Ba1.5Cu307 - Ca La
NdBaSrCu307-& | 77K Ca Nd

and doping information

\_

= Prediction of characteristics of candidate materials
(Semi-)automatics population of meterials databases

Extraction of the set of main material, phase transition temperature,

~

J




Extraction of superconducting transition

frequency

temperature (TC) comparison with existing
%
extracted data database (Supercon*)
1600 SuperCon(blue):N=26045
N=23653 .

«Ti-5r-C3-Cu-0(125K) | Extracted(red):N=24042

1000+ Bi-Sr-Ca-Cu-0(115K) 1400

-~ d
+— YBEgCUgO';_a(gOK] 1200 -
500" < LaFeAsD(55K) 1000 |
c
a MgB,(39K) v

600 - < g _

La-Ba-Cu-0(30K) g 800

400 NbsGe(23.2K) E 600

Nb(9.2K) .

200 -
200
O_
0 20 40 60 80 100 120 140 ° 0 50 100 150 200 250 300
Tc(K) Tc(K)

- Each peak corresponds to representative superconducting materials
- Automatically extracted data is consistent with the existing
database Supercon* that has been manually constructed.

*https://mdr.nims.go.jp/collections/5712mb227
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Performance of the Tc

prediction model

Extracted slot data —I
- , ------------------------- \

compostions Magpie* descriptor Tc Machine learning
“YBa2Cu307"—» [X11, %12 %13, ) X4 90K o
“MgBZ” . [X21,X22,X23, ...,XzN] 39K [ 2
& - o o
“Nb3Ge" — [X31,X35, X33, -, Xy 23K 0
“BiSrCaCuQ" — [%41,X42,Xa3, ) Xa] 110K Trained with
. : : random forest

/

— o - - o o -

Predict

160

140

120

100

80"

601

401

201

Test

N=3143
R?=0.708
4
" e
0 20 40 60 80 100 120 140 160

Target

- The model can predict Tc within an error of 14 K only using automatically

extracted data.
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