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I. BAND ENERGY DATA22

The data used for estimation of band alignments is presented in table I. Where possible23

experimental photoemission data was used. The data from reference1 was estimated based24

on Mulliken electronegativity and should be treated with some added caution. The data25

along with a simple python script for aligning to a given absorber material has been made26

available on an open repository2, we encourage the interested reader to test the effects of27

varying sensitivity and band positions.28

Species Eg EA IP Ref IP Ref Eg Ref EA

Al2O3 8.7 3.72 12.42 3 4

AlAs 2.36 1.71 4.07 5 5

AlN 6.03 1.9 7.93 6 7

AlP 2.42 2.51 4.93 8 8

AlSb 1.6 3.6 5.2 9 9

BaO 3.99 0.57 4.56 10 11

BaS 3.81 0.84 4.65 10 11

BaSe 3.66 0.95 4.61 10 11

BaTe 3.4 1.43 4.83 12 11

Bi2O3 2.77 4.63 7.4 13 13

BN 6.2 4.5 10.7 14 9

C 5.48 0.37 5.85 5 5

CaF2 12.1 -0.3 11.8 14 15

CaO 6.8 0.7 7.5 14 11

CaS 4.60 1.85 6.45 16 11

CaSe 4.87 2.32 7.19 17 11

CaTe 4.07 3.53 7.6 17 11

CdO 0.78 5.24 6.02 18 18

CdS 2.42 4.5 6.92 8 8

CdSe 1.74 4.56 6.3 8 8
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CdTe 1.44 4.28 5.72 8 8

CsI 6.2 -0.3 5.9 19 19

Cu2O 2.1 3.56 5.66 20 20

Fe2O3 2.1 4.85 6.95 21 21

Ga2O3 4.8 3.2 8 14 22

GaAs 1.42 4.07 5.49 23 8

GaN 3.43 4.10 7.53 7 10

GaP 2.26 4.1 6.36 8 14

GaSb 0.73 4.06 4.79 8 8

Ge 0.74 4.01 4.75 5 5

GeO2 5.35 2.93 8.28 14 24

HfO2 5.7 2 7.7 25 26

In2O3 2.7 4.3 7 20 27

InAs 0.36 4.9 5.26 8 8

InN 0.65 5.8 6.45 28 29

InP 1.34 4.38 5.72 8 8

InSb 0.24 4.59 4.83 30 9

KBr 7.4 0.8 8.2 19 19

KCl 8.9 0.5 9.4 19 19

KF 10.7 0 10.7 19 19

KI 6 1.2 7.2 19 19

KTaO3 3.53 3.8 7.33 13 13

La2O3 6 2.5 8.5 31 31

LiBr 7.6 0.2 7.8 19 19

LiF 13.6 1.35 14.95 19 25

MgO 7.8 -0.65 7.15 5 5

MgS 4.87 3.15 8.02 25 11

MgSe 4.05 4.5 8.55 25 11
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MnO 3.28 1.8 5.08 21 21

MoO3 2.8 2.20 5 32 33

NaBr 7.5 0.4 7.9 19 19

NaCl 8.5 0.5 9 19 19

NaF 11.6 1.35 12.95 19 25

NaNbO3 3.43 3.8 7.23 13 13

NiO 3.6 1.73 5.33 34 34

PbS 0.4 4.6 5 14 35

RbBr 7.4 0.4 7.8 19 19

RbCl 8.2 0.5 8.7 19 19

RbF 10.35 -0.1 10.25 19 19

RbI 6.1 1.2 7.3 19 19

Sb2O3 3 4.17 7.17 13 13

Si 1.17 3.98 5.15 5 5

Si3N4 5.3 2.1 7.4 36 36

SiC 2.36 4 6.36 37 6

SiO2 9 0.9 8.1 38 38

SnO2 3.6 5.3 8.9 21 21

SnS2 2.1 4.2 6.3 39 39

SnSe2 1 4.35 5.35 39 39

SrO 5.2 0.67 5.87 14 11

SrS 4.3 1.35 5.65 40 11

SrSe 4.42 1.77 6.19 17 11

SrTe 3.73 2.4 6.13 17 11

SrTiO3 3.2 4.08 7.28 13 13

Ta2O5 4.5 3.2 7.7 3 41

TiO2 3.05 4.2 7.21 21 3

V2O5 2.30 4 6.3 42 43
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WO3 2.95 3.33 6.28 23 44

Zn2TiO4 3.21 3.25 6.46 13 13

ZnO 3.3 4.2 7.5 45 46

ZnS 3.7 3.8 7.5 5 14

ZnSe 2.82 4 6.82 8 8

ZnTe 2.26 3.53 5.79 8 8

ZrO2 5.8 2.6 8.4 36 25

CuI 3.37 2.43 5.8 18 18 18

CuI 2.18 3.02 5.2 18 18 18

CuI 4.62 2.28 5.3 18 18 18

BaTiO3 3.3 4.21 7.51 1 1

CdFe2O4 2.3 4.89 7.19 1 1

CuO 1.7 4.89 6.59 1 1

FeTiO3 2.8 4.56 7.36 1 1

Hg2Nb2O 1.8 5.05 6.85 1 1

Nb2O5 3.4 4.16 7.56 1 1

PbO 2.8 4.46 7.26 1 1

PbFe12O19 2.3 5.2 7.5 1 1

YFeO3 2.6 4.6 7.2 1 1

FeS2 0.95 4.96 5.91 1 1

HfS2 1.13 4.63 5.76 1 1

HgS 2 4.74 6.74 1 1

In2S3 2 3.69 5.69 1 1

MoS2 1.17 4.43 5.6 1 1

ZrS2 1.82 4.28 6.1 1 1

Ag2O 1.2 4.69 5.89 1 1

AlTiO3 3.6 3.64 7.24 1 1

Ce2O3 2.4 4 6.4 1 1
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CoO 2.6 4.39 6.99 1 1

CoTiO3 2.25 4.64 6.89 1 1

CuTiO3 2.99 4.32 7.31 1 1

FeO 2.4 4.33 6.73 1 1

Fe3O4 0.1 5.73 5.83 1 1

FeOOH 2.6 5.08 7.68 1 1

HgO 1.9 5.13 7.03 1 1

Hg2Ta2O7 1.8 5.34 7.14 1 1

KNbO3 3.3 3.64 6.94 1 1

LaTi2O7 4 3.9 7.9 1 1

LiNbO3 3.5 3.77 7.27 1 1

LiTaO3 4 3.55 7.55 1 1

MgTiO3 3.7 3.75 7.45 1 1

MnO2 0.25 5.83 6.08 1 1

MnTiO3 3.1 4.04 7.14 1 1

Nd2O3 4.7 2.87 7.57 1 1

NiTiO3 2.18 4.7 6.88 1 1

PdO 1 5.29 6.29 1 1

Pr2O3 3.9 3.24 7.14 1 1

Sm2O3 4.4 3.07 7.47 1 1

SnO 4.2 3.59 7.79 1 1

Tb2O3 3.8 3.44 7.24 1 1

Tl2O3 1.6 4.55 6.15 1 1

Yb2O3 4.9 3.02 7.92 1 1

ZnTiO3 3.06 4.27 7.33 1 1

Ag2S 0.92 4.5 5.42 1 1

AgAsS2 1.95 4.51 6.46 1 1

AgSbS2 1.72 4.51 6.23 1 1
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As2S3 2.5 4.58 7.08 1 1

Ce2S3 2.1 3.59 5.69 1 1

CoS 0 5.17 5.17 1 1

CoS2 0 5.49 5.49 1 1

CoAsS 0.5 4.96 5.46 1 1

CuS 0 5.27 5.27 1 1

Cu2S 1.1 4.44 5.54 1 1

CuS2 0 5.57 5.57 1 1

Cu3AsS4 1.28 4.75 6.03 1 1

CuFeS2 0.35 4.97 5.32 1 1

Cu5FeS4 1 4.55 5.55 1 1

CuInS2 1.5 4.06 5.56 1 1

CuIn5S8 1.26 4.09 5.35 1 1

Dy2S3 2.85 3.36 6.21 1 1

FeS 0.1 4.97 5.07 1 1

Fe3S4 0 5.18 5.18 1 1

FeAsS 0.2 5.01 5.21 1 1

Gd2S3 2.55 3.57 6.12 1 1

HgSb4S8 1.68 4.81 6.49 1 1

La2S3 2.91 3.25 6.16 1 1

MnS 3 3.31 6.31 1 1

MnS2 0.5 4.99 5.49 1 1

Nd2S3 2.7 3.3 6 1 1

NiS 0.4 5.03 5.43 1 1

NiS2 0.3 5.39 5.69 1 1

OsS2 2 4.74 6.74 1 1

Pb10Ag3Sb11S28 1.39 4.59 5.98 1 1

Pb2As2S5 1.39 4.71 6.1 1 1
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PbCuSbS3 1.23 4.61 5.84 1 1

Pb5Sn3Sb2S14 0.65 4.95 5.6 1 1

Pr2S3 2.4 3.43 5.83 1 1

PtS2 0.95 5.53 6.48 1 1

Rh2S3 1.5 4.61 6.11 1 1

RuS2 1.38 4.89 6.27 1 1

Sb2S3 1.72 4.72 6.44 1 1

Sm2S3 2.6 3.39 5.99 1 1

SnS 1.01 4.66 5.67 1 1

Tb2S3 2.5 3.51 6.01 1 1

TiS2 0.7 4.76 5.46 1 1

TlAsS2 1.8 4.16 5.96 1 1

WS2 1.35 4.86 6.21 1 1

ZnS2 2.7 4.21 6.91 1 1

Zn3In2S6 2.81 3.59 6.4 1 1

TABLE I: Band energies used in the initial screening for con-

tact materials. Material chemical formula, ionisation poten-

tial (IP), electron affinity (EA) and band gap (Eg) as well as

the source of the data are presented. All numerical values

are given in eV. All values from reference1 are based on band

gap and Mulliken electronegativity rather than experimental

measurement of IP/EA.

II. VALIDATION OF SITE MATCHING29

We can consider an illustrative example of the ASO factor to test its robustness. We look30

at the heterointerface between ZnO and GaN, this pairing has been reported with several31

different crystallographic and chemical interface compositions. Notably the (0001)/(0001)32

interface is commonly reported and in nanowires the (11-20)/(11-20) interface is observed47.33
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GaN ZnO Strain ASO LS

Surface Multiplicity Surface Multiplicity u v

(0001) (1,1) (0001) (1,1) 1.96 1.96 1.00 33.78

(0001) (1,5) (01-10) (1,3) 1.96 1.97 0.36 12.14

(0001) (1,2) (01-11) (1,1) 1.96 3.76 0.50 12.95

(10-10) (1,1) (10-10) (1,1) 1.96 0.46 1.00 45.25

(11-20) (1,1) (11-20) (1,1) 0.46 1.96 1.00 45.25

(11-21) (3,1) (10-11) (5,1) 1.89 0.88 0.38 15.93

(11-21) (1,1) (11-21) (1,1) 1.96 0.88 1.00 41.32

TABLE II. Lattice and site matching factors for the GaN/ZnO heterointerface. Miller indices

and supercell expansion for each material is given as are the strains (in percentage) of the surface

vectors, the ASO factor calculated as described in the main article and the ELS (here LS due to

neglect of electronic offset) factor also calculated as in the main text.

Starting with the lattice matching criterion we identify a number of different possible34

combinations, they are listed in Table II along with the strain in u and v surface vectors.35

The experimentally observed interfaces are identified along with (0001)/(01-11), (0001)/(10-36

10), (10-10)/(10-10), (11-21)/(10-11) and (11-21)/(11-21); in total 7 possible interfaces.37

Of these the final three are not reported to our knowledge, this is probably related to38

the lack of any GaN (10-10) or (11-21) oriented substrates on which they could grow. We39

calculate the ASO for the interfaces, they are also reported in Table II. By combining40

the ASO and lattice strain components of the ELS (here we ignore band offset as we are41

interested only in growth) we calculate values for each of the interfaces.42

Of the four possible interfaces identified from the combination of known existing GaN43

substrates with the appropriate orientation and lattice matching the (0001)/(0001) and (11-44

20)/(11-20) interfaces have significantly larger LS numbers than the alternative interfaces.45

This matches with the experimentally reported interface structures.46
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