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Development of a computational approach for accurate prediction of material
properties and its application to the search for novel photovoltaic materials
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The increasing demands for photovoltaic cells have stimulated the search
for alternative photoabsorber materials recently. The materials search process is made to be
efficient if the properties and stability of materials are accurately predicted using computer
simulations. In this study, we have developed a first-principles approach to the prediction of
material properties and stability, and applied it to the search for photoabsorber materials. The
results include the prediction of a novel nitride semiconductor and its experimental verification,
demonstrating the accelerated materials discovery by the computer-assisted materials search.



# XL C—19, F—19—1,
1. WFIERAA S D 5
KBGEMO =— 3@ E D, HER RicE
EACAFET Dt RIC K VR S, 24l T
B RMOBHZ & 2 JEW I g O AR 2 HIRE S
TWb, LinL., FEBRICK DFMEOTRRIC
LRICTFNEBETDHZENR MRy 7 L
o TW5D,

—F5. BREFHE L RECFETT L
LRV =Ty FORMEROWEZ )
REPZAZ V== 732 L0 ) RABM, i
REETHED N TWD, ZDNHiE ST
DN, MIT LU= L—F KD Ceder 51
X % Materials Project, Duke K@ Curtarolo
(Y () aﬂowlib.org NREL @ Lany, Zunger
5 ® Inverse Design & Vo 72K [E D KA~
917%?%@\W<0¢@%E%ﬁ@ﬁ%
BINRHE SN TS, & VIS Inverse Design
IaY el b, EBRE OREERIC

D, FHREIZ X0 R S AU K LRI
& DBERE & EEICA R L2 b s S

AU T B[A. Zakutayev et al., J. Am. Chem. Soc.

135,10048(2013)ﬂﬂL
FREFHAEEHNTX M;ﬂiﬁri@mm

AV == 7 HBFEBT D70, kOB

ET@E&%%&%%#M%T%%

(1) BREEINEEIH (DFT) ~OREHER) 72507

L& 2 7= @ 7 i — IR I L 0 |

Wtk a T HIRY KIS TS 5,

(2) EBEMMESCE )L EMED 72 BT,
BT REGOREEZBET D0, =%
NE—LEHHR I 2L — g b DE
BEZ LD 2 AR ETT O,

3) +oREE R MR L oo E 2 EE LT
HZEIZKY, ZRELEE A E & Y
M TE 5 L9127 5,

2. WO HBY
PLEDOIEEEZEE 2. RO B THFIE e
L7,

(1) FB—FHEFRE IS\ B S T
T OREE L EHME DA AN—T
AT Y ==

G 7R o — R R IS L D T g
Wk, B ENE, KRBk
AN FRO TR TIEZBRE L, B
B U, JRE 72 E RIS R IS E 9 5,
TR XD ERFCRE RO WIUE I
LB R0 AT,

@) FREEFERR & BEREH R ~D 7 4 — Ry 7
A7) == X EEN T E Y
B ORERSRCTHERE A /ER L R 7eE
SHY - ROl 21T S, ZhC
X0, RRIUERMEE L C oM IE % KR
FINCHGET D & & bz, ZORER % iR
FHEOFIERCET M T 4 — RNy 7§
%,

(3) T HLA 5 7B M e R I 00 B 2 &

Z—19,

CK—19 (d:m)

Al - BERIESI DR

O, OQDORAT v 7 EHMEVIKL, BRE
WEET 2 Z LIk v BRI R
I LBt 2@ ET 5, £o. £

ﬁt%%ftﬁajﬁ%L 1%557!:7& ﬂﬁ%ﬁ"%/ﬁ\
WRREFOBLNNOBLET L2 LITLD,
S ER B DG « PRER DFREH 2 175
T 5

3. WrgED L

F—REE I X B HuEmE, BJ5nE
T, BRSO FRIOEREEIC LY .,
K%%ﬁ%&ﬂﬁﬁﬂ@%ﬁ%#oﬁﬁf
TRl 2 Al RE & 9 5 B T AL A g
L= DOTFIEERFET 5, BAEMIZITRO@E
DCTH5H,

(1) KM O IERIEA B O FHIIIZ 5 T
FBERIEDMEL 2 DN Ry v 7|
WA, A E

(2) FHELIRRERIZ I B HEAARIC KT 5 &% 0E
ﬁ&w%%%@ XY B R EME

(3) F—r3r b BLOEA R XLV RE
SINHF v UTIRED LR

4) ~Tua#ESERW S
ES= U NCRAVANZE N i e N

Yo 72 BRER T 21T O T2 DIZiX, B
DEWVEHERENERIND, arm%ﬁ@
A ORI CTOEER) 72Tl TH 5 LDA X
GGA Z W= —JFHEHE TlX. N F¥y
v TR EN, D FFBIER N A
7V v RS2 R E#ERIZE SV - GW
AR5, £7-. F—230 B X O
A RO R I, Kk o&EERAERH
ERIET A2 & T, fHEKEEZR ET 5,

INLOFEEHREL, EHORFEE A
b3+ T, A AL—Ty AT Y —=
IR D EIRGE A~ L RT 5,

B 51

4. WIFERE

K b5 BB e W U B A EHIC B o 2 FE W)
P o B TR b P E OO B R T T HAR OB AE L
MEHER 21T - 7=,
HEFEORRRICE L L. O 55N
FRON v MEEFHE O BEE EsEimscd0)
SRMEREMERE OB ENER T VT Y XL O
B (HEERLO®), XU RTTIA AL POG
e EREE R A IO SRS, ®)
I U8, BEx 2 B MRS 1 R RFE D
5 BT BT 2 R BN 2 fe st LT,
%%Lt%ﬁi%%mwf\%%&%ﬁ%

IR DRI ) —= 0 T HFEIT LT, &<
L@%kfwwwhkﬁi%%%t/ﬁ@
BENOAEREEZ NS, BHEhEETe 3 T
ZREMMMZER L TAIZ Y —=2 T 51T-
oo TORER, YERE L THERME L L
T, AROBE LD 2 03B A S R BRTR
7o A FEFAOWE & BB G T — & X
— A (ICSD) (ZH# STV 11 FiFEHD



HEE RS L, (1)

54
T 44 ZnTiN, ZngWN,
n (ZnHIN,  © Zn,TaN,
'%t 34 : 39222"‘:2 ~ZnzZN, ® Zn,NbN,
°w n
3] 92N % ® Zn,UN,
< ® CaZn;)N; | @ zn,LaN,

1. E-REHEZAV:-RIY—=UTIT&
YEE SN 11 BEOHRZCLHFER

%@‘:F"C% W CaZnoNy 1, HIER BIZ
WCHHET D THEORI L VRS, 7
o I\ffrﬂ? v 73 1.8 eV DEAZBEBDO /NN
i, NEREF - R—VORRERE, K&
IR E b O EnD ., kb A &Kk
Ehtz, (M2) 22T, ZOWEOEGEH
e L TEEARFEREZIToTE 2 A, Gk
WA L, Tl S 7= il i & et mEn
FiEE iz, (X3, HEasimscD)

(a)
Zn
CaZn,,
CazZn7
CaZn;"
CaZn, i}
(Zn3Ny)
CaZn : y ) y
\ ! CaZn/z'

2 'I‘CaZvaNz
N 1

Ca Ca:N Ca:N, >N,

()

. THRAF— (eV)
S bk O N A O ®

M2 F—REHEICLSYFASAEHYVE

CaZn:No D (a)REERZ & 1T B REE. (b)iERiEE.

(N Rig&E

(a)

NaCl (90 wt%)
+2Zr0O, (10 wt%)

A4+

T

-

e CazZn,N, (80 wt/)
>0 +Zn (20 wt%)
AN
~n 05F
< 1|
5 0 .
= < - R
;;( YIal—vYav ‘ Cazn,N,
- S —

}\ Zn
A AI
10 20 30 40 50 60

B (R )
8
e

w
b
N
w

HFLHILF— (eV)

X 3. (@@EEROFEMEIL. (b)CaZnaN2 FHE D
X REHF/RE—2, ()74 FILERYEVRAR
7 FLRUFBELDEE

Sn(INARA L} O b -8RI B LT
BERWE DN RS, JLEEME K OVR BT
BN OEHLCHER 7 Y —= 71T LB
FE OYRRE & ARk - WVERHT ., BOEIEREHE
SFOBEICEAT DR AT, MERER O,
®. @)

Flo, BZEENLIRTHNNRT T4 A

BT AR OGHR T — & &S h g
D F o TZHEASNT, N Ty R
7' A A b CH:NHiPbls Z 3¢V E & L7k
BRI D a &7 MNEOF T
#@g@%ﬁ%ﬁ—’of_o (%uunmi@)

PLEDRCEIE, K ER WIS R B
RN T B EEORBOBLLTET TR L,
R A TG LI T B R R NS
~TafED AT ) —= U TR EE R L
D B ATIME S & < L FE T KSR
REWEEZILND,

5. E7pFEIGm L
(BFFEREH . o
(=)

Gy K OSEHERTIEH 1



UesEamst) GBE 11 R)

@D Y. Hinuma, T. Hatakeyama, Y. Kumagai, L.
A. Burton, H. Sato, Y. Muraba, S. Iimura, H.
Hiramatsu, I. Tanaka, H. Hosono, and F. Oba,
"Discovery of earth-abundant nitride
semiconductors by computational screening
and high-pressure synthesis", Nat. Commun.
7, 11962-1-10 (2016). [# A ]

DOI: 10.1038/ncomms11962

@ Y. Kumagai, L. A. Burton, A. Walsh, and F.
Oba, "Electronic structure and defect physics
of tin sulfides: SnS, Sn,S;, and SnS,", Phys.
Rev. Applied 6, 014009-1-14 (2016). [t
A
DOI: 10.1103/PhysRevApplied.6.014009

@ S. Katayama, H. Hayashi, Y. Kumagai, F.
Oba, and I. Tanaka, "Electronic structure and
defect chemistry of tin(II) complex oxide
SnNb,O¢", J. Phys. Chem. C 120, 9604-9611
(2016). [#wHif ]

DOI: 10.1021/acs.jpcc.6b01696

@ K. T. Butler, Y. Kumagai, F. Oba, and A.
Walsh, "Screening procedure for structurally
and electronically matched contact layers for

high-performance  solar cells:  hybrid
perovskites", J. Mater. Chem. C 4,
1149-1158 (2016). [##if]

DOI: 10.1039/C5TC04091D

® Y. Hinuma, Y. Kumagai, F. Oba, and I
Tanaka, "Categorization of surface polarity
from a crystallographic approach", Comput.
Mater. Sci. 113, 221-230 (2016). [#&#FA]
DOI: 10.1016/j.commatsci.2015.11.042

® F.Oba, "Predictions of point defect, surface,
and interface properties in semiconductors
using first-principles calculations", AIP Conf.
Proc. 1763, 040003-1-5 (2016). [&#HA]
DOI: 10.1063/1.4961351

@ Y. Kumagai, K. T. Butler, A. Walsh, and F.
Oba, "Theory of ionization potentials of
nonmetallic solids", Phys. Rev. B 95,
125309-1-10 (2017). [&#HA]

DOI: 10.1103/PhysRevB.95.125309

Y. Hinuma, Y. Kumagai, I. Tanaka, and F.
Oba, "Band alignment of semiconductors
and insulators using dielectric-dependent
hybrid functionals: Toward high-throughput
evaluation", Phys. Rev. B 95, 075302-1-10
(2017). [#&&Hif ]

DOI: 10.1103/PhysRevB.95.075302

© H. Hayashi, S. Katayama, T. Komura, Y.
Hinuma, T. Yokoyama, K. Mibu, F. Oba, and
I.  Tanaka, "Discovery of a novel
Sn(II)-based  oxide  B-SnMoO4  for
daylight-driven photocatalysis", Adv. Sci. 4,
1600246-1-8 (2017). [&#HiA]

DOI: 10.1002/advs.201600246

Y. Hinuma, G. Pizzi, Y. Kumagai, F. Oba,
and I. Tanaka, "Band structure diagram paths
based on crystallography", Comput. Mater.
Sci. 128, 140-184 (2017). [##iA]

DOI: 10.1016/j.commatsci.2016.10.015

@ KGR, HEEER, RERAK, THEEERO
SLHEVE < B R B RFIE D e K P AR T
W EWE - MEHRE~DRB] , BT
v 7 A 50, 542-545 (2015).  [EFA]
URL:
https://member.ceramic.or.jp/journal/vol no/
50/07/50_07.html

(Fa¥R) Gtoff)

(D F.__Oba, "Accurate predictions of defect
properties in semiconductors: Towards
understanding and screening of materials",
2nd International Symposium on Frontiers in
Materials Science (FMS2015), F-fifi K%
Pa G 2 v o8 2 (RO TE X))
2015 4= 11 H 20 H (plenary talk)

©@ K, PEEROYNETH & WERRE
— BWEHEBENSOT T —F ],
63 [Fl B P RPN 2, B
TERFRMILF v X2 (REHERE B
X), 201643 H 20 H

@ F._Oba, "Accurate predictions of defect
properties in semiconductors: Towards
understanding, screening, and discovery of
materials", The 5th International Symposium
on Advanced Microscopy and Theoretical
Calculations (AMTCS), VA v 7 HW\H

(EFRA ) L2016 425 4 12 A

@ KRGHEE T JRBREIC L2 -8R0
Wtk < R O m RS BE ) & B B R
%1 , The 27th Meeting on Glasses for
Photonics, MR TR KN L% v > X
A (HOEHHEX), 201742 A 3 H

® KFHE, 1y Varys)—=v7(C
K DHHE DGR ORTL ) | 55 64 [A]
IS B RS RN S, NV T 4
SRR (A1 RRRIET), 2017 45 3 A
15 H

© KIGHHE, 15— RBEEHRIC X 2 5Ky
PED SRR T ] & T E IR ) , HARS
B2 2017 FEWGEH RS, BARTFH
FFEKIRF ¥ oA (RSN ETLTH),
201743 A 16 H

(X=F) o)
(PEEIA PEHE)
othFEIRTL (Rt 0 1)



ofUfFIRTL (Rt 0 )

(2 Dfth)
R e
http://www.msl.titech.ac.jp/~oba/research.html

6. AR
(O ES

K% HEE (OBA, Fumiyasu)

HUR TR - BHREIRaIRRAr s - 8%
e &5 90378795

Q)BFZEr A

M 182 (HAYASHI, Hiroyuki)
TR - LSRR - B
ot Z =« 50727419

QGEHENTIEE

HYE ¥ (HINUMA, Yoyo)
ALK « TR 2ER - R EBh#
W85 80648238




