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Figure S1 (a) Energy and (b) omax convergence test of k-points for MgO. The vertical dashed lines
indicate the converged k-points. The convergence of the energy (a) and pressure (b) for MgO with
respect to the k-point grid, evaluated at the cutoff energy of 400, 500, and 600 eV. (400 eV is the default
value of VASP while AMP? gives 500 eV for the converged E...) It is seen that the convergence behavior
of k-point is similar among different cutoff energies except for rigid shifts, meaning that the converged
k-point grid can be safely determined at the default cutoff energy (as is currently done in AMP?).
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Figure S2 Converged k-point grids for default and converged cutoff energies for 30 randomly chosen
materials. (BaSn, BrCs, CuCl, CaH,, CaNis, H>Sr, La3Sns, Li13Sns, Mn3Sn, PsNs, NaTaOs, SiOa, ZnS,
TLS;, Gajola,Ni, GeLaRu, GePtSe, GeRhSc, Irl;Tes, InTaS,, InoPbSs4, IrnY207, KLiSe, KNbOs3,
K,SnTe;, NaNbN,, NasSn,Se;, NbsSiTes, NiPSes;, and PdSceTe,) They show perfect agreements.
Therefore, we conclude that the converged k-point grid is insensitive to the cutoff energy and the
convergence test can be carried out independently with respect to the k point and cutoff energy.
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Figure S3 Density of states of Ag;KTe,, Ag;TaSs, AlAu, BilnOs, BryTas, CulnsZrs, GaxlrLi, GeTl4S4,
Pbl,, KoSnTes, NaTasNs, and ScZn, with the different k-point grids. As shown in the figure, k-point
doubling is sufficient for DOS figures.
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Figure S4 Comparison of theoretical and experimental band gap.[1-6] The solid line indicates perfect
agreement with experiment.



Tests for gap-corrected band structure

For materials whose conduction band and valence bands are separated or touch each other (ex. Ag,O,
InAs, Ge, and InSb) within GGA, AMP? consistently produced get-corrected band structures as
guaranteed by the proposed algorithm. When conduction and valence bands overlap each other, AMP?
worked well for PdO, PtO, Pb,PtO4, and Sn3O4 but failed to separate them in CdszAs, and CaPd;Os.
While it is difficult to specify and quantify a feature in band structures that splits success versus failure,
we find that GGA and HSE band structures are significantly different in the two materials. For example,
the figure below compares GGA and HSE band structures of CaPds;O4, respectively. Based on the HSE
result, one can visually identify in the GGA band structure the conduction and valence bands that should
move up and down upon gap correction, as indicated by red and blue lines, respectively. One can see
that some parts of the lines are broken as indicated by the dashed lines, which is due to the orbital
hybridization between conduction and valence bands. This is in contrast with Fig. 5 in the manuscript
in which the hybridization is weak. Therefore, the proposed scheme would fail because orbital
characters are highly mixed in the broken regions.
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Figure S5 Band structure of CaPd;O4 using (a) GGA, (b) HSE functionals, respectively.
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Figure S6 Comparison of principle components of hole effective mass tensor between AMP? and
Boltztrap.[7] The solid line indicates perfect agreement.



Table S1. The list and success/failure of 100 materials.

Chemical formula
(ICSD number)
Materials with successful termination (86)
AgAsSer CoGeNb K2CuF4 RbInTe: VPOs
(20087) (623540) (15372) LuN (236553) (75346) (108983)
Cr(Te2Rh)2 K2SnBrs RbSb YZn;
AgBr (52246 LuTIS: (642581
gBr (52246) | 626579 (35557) uTIS: ( ) (280591) | (106227)
AlCs6Sbs Sc(P2Rh3)2 | YsGaCos
15672) | KCs (70020) | MgsAu (58541
(300128) €52 (15672) Cs (70020) gahu ( ) (182778) | (20953)
AlFe;Ni Cs2Ptls KCdsAs3 ScInCuz
MeB: (108064 YsS7 (43620
(57808) (201309) (262032) gB2 ( ) (103009) 57 (43620)
AsPds CusSb La(Ge3Pt)s SiC YIr,
MnPd (247774
(44042) (44479) (174552) nbd. (247774) (24630) (104601)
BoMoolr . La(SbsRu)4 . SrF» YSnPd>
o FeSia (4360) | e Na:BiAu (261790) o, | s
BaNi LaCdP I 7
aNiO2 GasSes aCdPd NasHgPb (261791) Srlr> nO
(15760) (35028) (656599) (104564) | (190802)
GasFe LaGa> SrMnBi1» ZrsSbsRu
BeBr: (02584) | 631756 (103766) NaMoFe (27484) (100025) | (650598)
. Ge2Mo o TaoN ZrAg
Bil (155 LixSi (24146) | NaNs (644523
i1(1559) (16822) 0S1(24146) | NaNs ( ) (185289) | (58390)
Ca(InP)2 HEf:SN; LicBrsN TasGes Z1rNi3
Nb#(BC)s (411624
(260562) (250915) (16798) b7(BC)s ( ) (195542) | (105482)
MnA Hf:Bal LiA TaR ZrSiR
Ca( s)2 3Balrs 1Ag2Sn Pblz (108906) aRu rSiRu
(41792) (44316) (151446) (650690) | (16306)
A HfFeCl LiGa:Pt TaSiRh
CaAgr eCls iGaz PACl, (421220) aSi
(55510) (39817) (106717) (90435)
CasAl;Ag HgoRh LuzReC> Telr
(104173) (106786) (618232) PtO- (77654) (44870)
HgCl LusAL TiaP3
CaSh: (862 Rb>HgF4 (72352
aSb: (862) (157979) (57959) 2HgF (72352) (648219)
CdTe ThZnls
ICI (23886) | Lulns (51969) | RbaTiCls (2668
- CI (23886) ulns (51969) | RbyTiCls (26689) )




Material with any kinds of errors (14)

Material Stage in error Reason Category
BaCoS: (82639) Magnetic ordering Not converge Termination
CINW (165376) Effective mass Memory Crash
Cr(MosSes)2 (626324) Kptest w/o U Not converge Termination
Cr2GaC (419116) Kptest w/o U Not converge Termination
CsTiBr3 (400053) Magnetic ordering EDDDAV Crash
Fe4Os (185514) Magnetic ordering Not converge Termination
Mn2Au (58548) Magnetic ordering Not converge Termination
MnsAs (76409) Magnetic ordering Not converge Termination
Ni2PdSez (419760) Magnetic ordering Not converge Termination
NiF3 (87943) Effective mass Memory Crash
Sr3GeO (413385) HSE Memory Crash
VsGes (44504) Magnetic ordering Not converge Termination
VS2 (68713) Kptest Not converge Termination
Y (Fe2Si)2 (186048) Magnetic ordering Not converge Termination

When we briefly checked for the magnetic ordering from Ising models, every computational result was
reasonable except for FeHfCls and K,CuF4 whose spin ordering are mistaken. FeHfCls was reported as
antiferromagnetic materials but it has ferromagnetic spin-ordering in AMP?[8] This is because the
antiferromagnetic coupling between Fe ions exceeds the present cutoff of 5 A. When we increased the
cutoff distance, AMP? correctly predicts the antiferromagnetic spin ordering. However, energy
difference is almost negligible (only 0.4 meV/Fe atom). On the other hand, K>CuFj4 is a well-known
two-dimensional ferromagnetic material but AMP? predicts an antiferromagnetic ordering.[9,10] It is
known that the ferromagnetic order is more stable only if Jahn-Teller distortion is taken into account
but the structure from ICSD is symmetric without Jahn-Teller distortions. When the symmetry is broken,
we find that AMP? produces correct results.
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