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Table S1: Candidate n-type Materials for Power Electronics
Computed lattice thermal conductivity (&) and Baliga FOM of n-type candidate materials. SG denotes the space group

number. The calculated energy above the convex hull (AEn) is extracted from the NREL Materials Database
(materials.nrel.gov) and the Materials Project database (materialsproject.org). Materials that lie on the convex hull
(AEnun = 0) are stable against decomposition into competing phases. The Baliga FOM values are normalized by the
Baliga FOM of n-type Si, the most widely used power electronic material.

Material SG no. x (W/mK) FOM (n) FOM (p) AEpy (meV)
Al,O3 167 35.1 1.7x107 9.3x104 0
MgO 225 41.2 2.4x108 1.9x10% 0
HfGeO, 88 20.8 1.3x10¢% 3.1x103 0
Al;Mg0, 227 23.0 1.1x10¢% 3.2x103 0
Y,Si,07 12 35.0 7.6x10° 5.2x103 0
MgSiN, 33 40.0 3.5x10° 7.5x103 0
Al,Ca0y 15 21.3 3.3x10° 2.1x103 0
NaSi;N3 36 57.3 3.1x10° 3.4x103 0
ZnSiO3 148 46.8 2.6x10° 7.4x102 50
SisNg 159 60.2 7.2x104 7.5x103 0
SisNg 176 132.6 6.5x104 1.6x10% 0
In,Si, 07 12 40.0 4.5x104 8.2x10? 10
Ca,SisNg 9 24.4 3.1x104 1.4x103 0
SnC 216 64.1 2.9x104 1.6x102 816
Be,C 225 87.7 2.5x104 7.4x103 0
Cao 225 26.0 2.3x104 3.0x103 0
AlyCs3 166 42.7 2.1x104 3.5x102 0
ScAlzC3 186 20.0 1.6x10* 7.4x103 0
ScAlzC3 194 20.0 1.6x10* 7.4x103 0
CaZrSi 0, 5 55.8 1.6x10* 6.4x103 0
HfSiO4 141 28.7 1.4x10* 1.9x10% 0
Ba,ZrOq4 139 35.8 1.3x10*% 2.4x103 0
GesNy 159 20.6 1.2x10*% 4.6x10? 0
GeC 216 134.5 1.1x10% 1.5x103 436
ZnGeN; 33 25.2 1.0x10* 7.0x101 0
2rGeQy 88 33.2 8.6x103 1.0x103 0
Al;MgC, 164 22.4 8.4x103 9.0x102 7
B4C 166 27.8 8.0x103 8.1x103 38
Sc,Sir 07 12 60.4 7.9x103 1.3x103 0
BeB,C; 59 27.4 6.8x103 2.4x102 7
ZnS 216 38.0 6.1x103 7.6x101 0
ZrSiO4 141 38.4 5.1x103 6.4x103 0

RuC 216 155.9 4.3x103 5.5x10? 456




Table S2: Candidate p-type Materials for Power Electronics

Computed lattice thermal conductivity (&) and Baliga FOM of p-type candidate materials. SG denotes the space group
number. The calculated energy above the convex hull (AEnu) is extracted from the NREL Materials Database
(materials.nrel.gov) and the Materials Project database (materialsproject.org). Materials that lie on the convex hull
(AEnun = 0) are stable against decomposition into competing phases. The Baliga FOM values are normalized by the
Baliga FOM of n-type Si, the most widely used power electronic material.

Material SG x (W/mK) FOM (n) FOM (p) AEnu (meV)
Al,Os 167 35.1 1.7x107 9.3x10% 0
ScaCs 220 25.1 8.2x102 2.0x10% 0
MgO 225 41.2 2.4x10¢6 1.9x10% 0
HfSiO,4 141 28.7 1.4x10% 1.9x10% 0

SizNg 176 132.6 6.5x104 1.6x10% 0




Table S3: Comparison of Electronic Structure Properties Calculated with DFT-PBE Functional and GW Method

Electronic structure properties of 7 n-type candidate materials from Table S1 calculated with DFT-PBE functional and
many-body GW method. SG denotes the space group number. £ is the band gap in eV, m”pos (CB) is the conduction
band density-of-states effective mass in units of electron mass, and N, (CB) is the conduction band degeneracy. Both
m”pos (CB) and N, (CB) are calculated within an energy window of 100 meV from CB minimum. Compared to PBE
values, GW-calculated £, are significantly larger, and m”pos (CB) are smaller.

Material SG PBE GW
E, m*pos (CB) N, (CB) E, m"*pos (CB) N, (CB)

HfGeO, 88 3.99 0.116 1 6.62 0.067 1
Y,Si,0; 12 4.66 0.170 1 7.55 0.077 1
MgSiN, 33 4.03 0.077 1 6.13 0.044 1
Al,Ca0y 15 4.02 0.136 1 7.28 0.058 1
ZnSiO3 148 3.61 0.083 1 6.46 0.048 1
In;Si>07 12 2.74 0.090 1 5.47 0.049 1
HfSiO, 141 5.69 7.393 3 8.34 4.053 4




Table S4: Dependence of Calculated Effective Masses and Band Degeneracies on Energy Window

Calculated electronic structure properties using different energy windows (100 meV, 150 meV, 200 meV) from the
relevant band edges. E; is the band gap in eV, m"pes is the density-of-states effective mass, Nj is the band degeneracy,
and m"p is the band effective mass. Effective masses are reported in units of electron mass.

Energy window: 100 meV

Material E, m*pos (VB)  m*pos (CB) N5 (VB) N5 (CB) m", (VB) m*y (CB)
Si 0.62 0.65 0.64 3 6 0.31 0.19
SiC 2.23 1.71 0.25 3 3 0.82 0.12
GaN 1.76 2.08 0.03 3 1 1.00 0.03
Ga,0; 2.01 10.86 0.04 2 1 6.84 0.04
d-C 4.13 0.30 0.49 3 6 0.15 0.15
AIN 4.08 1.27 0.06 1 1 1.27 0.06

Energy window: 150 meV

Material E, m*pos (VB) m*pos (CB) N, (VB) N, (CB) m”y, (VB) m”, (CB)
Si 0.62 0.83 0.84 3 9 0.40 0.20
SiC 2.23 1.84 0.38 3 6 0.88 0.11
GaN 1.76 2.33 0.05 3 1 1.12 0.05
Gaz03 2.01 10.53 0.06 2 1 6.63 0.06
d-C 4.13 0.45 0.69 3 6 0.22 0.21
AIN 4.08 1.56 0.09 1 1 1.56 0.09

Energy window: 200 meV

Material E, m”*pos (VB) m”pos (CB) N, (VB) N; (CB) m”, (VB) m* (CB)
Si 0.62 0.92 0.98 3 9 0.44 0.23
SiC 2.23 1.98 0.52 3 6 0.95 0.16
GaN 1.76 2.44 0.06 3 1 1.17 0.06
Gay03 2.01 9.08 0.08 2 1 5.72 0.08
d-C 4.13 0.66 0.87 3 6 0.32 0.26

AIN 4.08 1.81 0.12 1 1 1.81 0.12




Figure S1: Native Defect Energetics of HfGeO,

Defect formation energy (AHp,4) as a function of the Fermi energy (E¢) for HfGeO, grown under the most Hf- and Ge-
rich and O-poor conditions allowed by the phase stability of HfGeOa. Er is referenced to the valence band edge. The
equilibrium Fermi energy is pinned around the mid-gap, which suggests that HfGeO;, is an insulator.

4 - | Hf, Ge-rich, O-poor
HE \\V
3 | :‘-:OHf Ge
Ger

-z\\\

AHD,q (eV)
\}
T

Figure S2: Native Defect Energetics of MgSiN,

Defect formation energy (AHp,4) as a function of the Fermi energy (Er) for MgSiN, grown under the most Mg-rich and
N-poor conditions allowed by the phase stability of MgSiN,. Er is referenced to the valence band edge. The equilibrium
Fermi energy is pinned around the mid-gap, which suggests that MgSiN; is an insulator.
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Figure S3: Native Defect Energetics of Y,Si,0;

Defect formation energy (AHp,q) as a function of the Fermi energy (Ef) for Y,Si,O; grown under the most Y-rich and Si-
rich, and O-poor conditions allowed by the phase stability of Y,Si,0;. Er is referenced to the valence band edge.
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Methods: Defect Calculations

The native defect formation energies are calculated using density functional theory (DFT) and the standard supercell

approach. Within the supercell approach?, the formation energy (AHpq) of a point defect D in charge state g is
calculated as:

Mg = (Epg = FEu)+ ) it + AEr + Ecorr
i

where Ey and Ep 4 are the total energies of the defect-free, host supercell with no net charge and the supercell with
defect D in charge state g, respectively. The chemical potential of element i is represented by g and n; is the number
of atoms of element i added (n; <0) or removed (n; >0) from the supercell. Er is the Fermi energy and the term gEr is
the characteristic energy of exchanging charge between the defect and the reservoir of charge (Fermi sea). The
supercell approach to calculating defect formation energies suffers from artefacts arising due to finite size effects.
Additional artefacts are introduced due to the limitations of DFT, notably, the underestimation of the band gap with
standard DFT functionals such as GGA-PBE. Various corrections schemes are applied to correct for the finite size and
inaccurate electronic structure artefacts; these corrections are represented by the term Ecor and described in more
detail in Ref. 1.

We calculate the total energies of the supercells using the generalized gradient approximation of Perdew-Burke-
Ernzerhof (PBE)? within the projector augmented wave (PAW) formalism as implemented in the VASP software.?
Supercells containing 96, 128, and 88 atoms is used to calculate the defect energetics of HfGeO4, MgSiN,, and Y,Si,05,
respectively. The total energies are calculated with a plane-wave energy cutoff of 340 eV and I'-centered 4x4x4
Monkhorst pack k-point grid to sample the Brillouin zone. The defect supercells are relaxed by allowing ionic
relaxations, while keep the volume constant.



The elemental chemical potentials are expressed relative to those of the elements in the reference elemental phases
as: u; = uf + Ay;, where uf is the reference elemental chemical potential under standard conditions and Ay; is the
deviation from the reference. The values of reference elemental chemical potentials are obtained from the FERE
approach.*

The underestimation of the band gap in DFT is corrected by applying individual valence and conduction band edge
shifts (relative to the DFT-computed band edges) as determined from GW quasi-particle energy calculations (see Ref.
1 for more details). The finite size corrections that are included in the term E.r, following the methodology in Ref. 1,
are: (1) image charge correction for charged defects, (2) potential alignment correction for charge defects, (3) band
filling correction for shallow defects, and (4) correction of band edges for shallow acceptors/donors. The calculations
are organized, and the results are analysed using our software package for automation of defect calculations, pylada-
defects.’
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Table S5: Calculated Properties of 863 Materials from the Inorganic Crystal Structure Database

Computed lattice thermal conductivity (x;) in W/mK, band gap (Eg) in eV, hole () and electron (i) mobilities in

cm?/Vs, dielectric constant (&), cutoff frequency (@max) in meV, critical breakdown field (Ep) in V/cm, and Baliga figure

of merits FOM of assumed p- and n-type materials. ICSD denotes the Inorganic Crystal Structure Database

identification number and SG denotes the space group number. The Baliga FOM values are normalized by the Baliga

FOM of n-type Si, the most widely used power electronic material.

Compound ICSD SG K1 E, y7s y78 & Dmax Ep FOM (p) FOM (n)
Cc1 52054 227 1106.1 4.135 945.15 898.07 5.9 160.1  1.31E+07 9.26E+06 8.82E+06
B1N1 614864 216 830.7 4.47 109.02 1038.61 6.9 127.5 9.86E+06 5.86E+04 5.58E+05
Cc1 27422 194 543.5 3.36 713.35 2186.41 5.8 160.7 8.94E+06 5.79E+04 1.77E+05
C1si1 181128 216 388.5 1.379 27.54 969.48 10.5 96.2 1.46E+06  6.54E+02 2.30E+04
C1Si1 28389 216 388.4 1.379 27.21 992.63 10.5 96.2 1.46E+06  6.46E+02 2.35E+04
c1 66466 194 267 4.558 651.55 155.29 5.9 161.4 1.63E+07 1.22E+07 2.90E+06
C1Si1 24261 186 191.8 2.37 28.32 188.63 10.6 101.1  2.69E+06  5.21E+02 3.47E+03
C1Rul 188286 216 155.9 0.888 21.82 171.82 55.3 73.2 8.52E+05  5.49E+02 4.32E+03
AlIN1 42001 186 153 4.08 16.56 1521.23 8.7 87.8 4.58E+06  2.15E+04 1.98E+06
ClGel 182363 216 1345 1.652 57.2 443.63 114 79.9 1.45E+06  1.46E+03 1.13E+04
N4si3 74740 176 132.6 4.25 33.95 139.3 8.1 127.6  9.00E+06  1.58E+04 6.50E+04
N4si3 98634 176 132.6 4.25 33.95 139.52 8.1 127.6  9.01E+06  1.58E+04 6.51E+04
Si1 60388 227 130 0.62 60.52 124.69 141 62.3 6.40E+05  4.87E-01 1.00E+00
Clzrl 183162 216 129.3 0.336 25 66.21 253 64.1 5.02E+05  5.88E+01 1.56E+02
BelS1 44724 216 109.7 3.148 2.14 34.6 7.4 69 2.40E+06  1.49E+02 2.42E+03
C1Be2 41567 225 87.7 1.166 414.09 1408.13 15.6 86.4 1.16E+06  7.35E+03 2.50E+04
B1Sb1 184571 216 71.5 0.749 211.99 131.4 12.8 72.7 7.66E+05  8.97E+02 5.58E+02
02Til 93098 141 68.2 2.38 40.85 50.25 319 77.1 1.99E+06  2.32E+03 2.86E+03
02Til 202243 141 68.2 2.38 40.8 50.29 319 77.1 1.99E+06  2.32E+03 2.86E+03
C1Hf1 185992 216 66 0.508 21.38 3.8 20.1 66.5 6.01E+05 6.87E+01 1.22E+01
N1Sc1 26948 225 64.1 0.47 183.31 496.87 51.2 37.8 4.70E+05  1.01E+00 2.75E+00
Cisn1 182365 216 64.1 0.655 33.9 6173.68 20.6 66.6 6.80E+05  1.61E+02 2.94E+04
07Sc2Si2 75925 12 60.4 4.7 1.16 7.16 10.6 139.4  1.29E+07 1.29E+03 7.94E+03
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