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Supplementary data

Table S1. Calculated lattice constants a and ¢ (in units of A), lattice constants ratio c/a, the A-B layer spacing d,_g, A-C layer spacing d,., and B-C layer spacing dp., along the polar

axis (in units of A), ratio of electronegativity difference Ay = (x5 — x4)/(Xc — x4), band gap Eg (in units of eV), elastic constant Cj;, (in units of GPa), and spontaneous electric

B
polarization P (in units of C/m?) of the hexagonal A'BIVCY semiconductors. The available experimental lattice parameters (NaSnN,! NaSnP,> NaSnAs,? KSnAs,? and KSnSb?) are also

included (in parentheses).

a c c/a dyp 9ac dpc Dx Eg Ci1 Cp Ciz C33 Cay P
LiGeN 2.98 9.32 3.13 237 130 098 045 146 252 50 13 115 19 1.8
LiGeP 3.56 10.01 281 202 1.78 121 0.63 021 123 24 23 48 20 142
NaGeN 3.07 10.41 339 257 171 093 045 1.70 208 44 18 131 26 185
NaGeP 3.62 11.32 3.13 236 212 1.18 063 054 109 23 18 61 18 138
NaGeAs 3.76 11.41 3.03 228 218 124 064 025 92 21 18 51 16 130
NaGeSb 4.02 11.80 294 213 240 137 071 002 72 18 15 39 12 118
KGeN 3.16 11.54 3.65 2.88 1.97 091 048 1.64 150 41 20 132 32 170
KGeP 3.73 12.28 329 265 235 1.14 066 077 8 25 19 64 23 128
KGeAs 3.87 12.36 3.19 257 240 120 067 042 70 21 18 55 20 120
KGeSb 4.12 12.82 3.11 245 264 132 073 035 59 18 15 43 15 110
LiSnN 3.24 9.90 3.05 265 1.13 1.17 037 1.03 181 49 12 67 7 138

NaSnN  3.33(3.33) 10.89(10.89) 327 279 158 1.08 038 1.05 158 38 15 88 15 147
NaSnP  3.87(3.88) 11.64(11.66) 3.00 2.58 192 132 052 056 81 20 16 44 13 113
NaSnAs 4.01 (4.00) 11.66(11.73) 291 249 197 138 053 022 68 17 17 37 13 108
KSnN 3.41 12.03 353 3.09 1.87 1.05 041 1.19 123 34 16 92 21 139
KSnP 3.97 12.66 3.18 2.85 220 128 056 089 67 21 16 47 17 108
KSnAs  4.11 (4.10) 12.70(12.84) 3.09 2.77 225 133 056 044 58 18 16 40 16 102
KSnSb  437(436) 12.99(13.15) 297 2.62 245 143 062 037 47 16 14 32 14 (94




Table S2. The Born effective charge [Z35(4), Z35(B), and Z35(C)], internal atomic relaxations in response to the longitudinal strain {ou[(B) — (A)]/de. and du[(C) — (A)]/de.}
clamped-ion (ed;), internal-strain (el;), and total (e5;) longitudinal and transverse piezoelectric stress coefficients (in units of C/m?), and longitudinal (d55) and transverse (ds;) piezoelectric
strain coefficients (in units of pC/N), of the hexagonal A'B'VCY semiconductors. Materials with negative longitudinal piezoelectric effect are underscored.

ou[(B) — (D] u[(O) -]

Z33(A)  Z33(B) Z335(0) 9e 9e €33 e3s €33 esy €31 €31 €15 ds3 d3; dys
C C
LiGeN 1.63 0.53 -=2.16 0.13 0.05 —-036 —0.19 —-0.55 —-0.23 0.05 -0.18 —-0.66 —470 —-0.38 —35.37
LiGeP 1.92 -035 -—1.57 0.09 —0.03 0.02 0.03 0.05 -0.30 -0.10 -0.40 0.16 420 -3.36 8.02
NaGeN 1.44 047 -—1091 0.09 0.02 —0.20 0.01 -0.19 -0.22 0.04 -0.18 —-041 -124 -0.64 -—15.71
NaGeP 1.72 —-030 —1.42 0.07 —0.02 —0.01 0.03 0.01 -0.18 —-0.06 —-0.24 -0.10 142 -2.02 574
NaGeAs 1.79 —-0.52 —1.26 0.05 —0.05 0.03 0.08 0.12 —-023 —-0.04 -—-0.26 0.01 438 —=3.03 0.53
NaGeSb 1.86 —0.78 —1.08 0.03 —0.08 0.10 0.15 025 —-0.23 -0.03 -0.26 0.15 10.05 —-4.56 12.24
KGeN 1.61 033 —1.94 0.11 0.06 -0.07 -031 -038 —0.18 —0.03 —-0.21 -—-040 -2.67 —0.81 —12.58
KGeP 1.71 =037 —1.34 0.07 0.00 0.01 -0.07 -0.06 -0.15 -0.06 -021 -0.13 021 —-197 =594
KGeAs 1.75 -=0.71 —-1.04 0.05 —0.02 0.07 —0.02 0.05 —-024 -0.07 -031 -—0.08 375 —4.18 —4.20
KGeSb 1.79 —-0.92 —0.88 0.01 —0.07 0.11 0.10 021 -0.23 -0.08 -0.30 0.04 8.68 —5.60 2.79
LiSnN 1.67 048 —=2.15 0.17 0.08 -033 -031 -—-0.64 -—0.17 0.17 —-0.01 -0.60 -9.61 046 —82.35
NaSnN 1.52 035 -—1.87 0.11 0.04 -0.21 -0.09 -030 -0.19 0.09 -0.10 —-036 -—-336 -—-0.27 -—-24.20
NaSnP 1.76  —0.14 —1.63 0.10 0.00 -0.07 -0.05 -0.12 -0.21 -0.06 -0.27 -—0.19 -—-0.84 -2.49 -—15.07
NaSnAs 1.83 =039 —1.44 0.08 —0.02 0.00 —-0.03 -0.02 -0.26 -0.05 -0.32 -0.13 334 —440 -10.15
KSnN 1.53 032 —1.85 0.12 0.07 —-0.11 —-0.26 —0.37 —0.12 0.04 -0.09 -036 -397 -0.16 —17.31
KSnP 1.66 —0.18 —1.48 0.10 0.03 -0.04 -0.13 -0.17 -0.14 -0.04 -0.19 —-0.21 -2.53 -1.69 —12.63
KSnAs 1.70 —-047 —1.23 0.08 0.01 0.02 -0.10 -0.09 -020 -0.05 -0.26 —0.17 0.58 —-349 -10.94

KSnSh 1.77  —0.69 —1.08 0.05 —0.03 0.07 0.00 0.07 —-0.21 —0.06 —0.26 —0.05 741 —5.88 —4.02
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Fig. S1. Born criterion for mechanical stability (C;; + C;,)C33 — 2C% for the hexagonal A'B™VCY semiconductors. Other
criteria (C44 > 0 and C;; — |C;2| > 0) can be found in Table S1.
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Fig. S2. Phonon dispersion relations for the hexagonal A'B"™ CY semiconductors.
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Fig. S3. (a-r) The evolution of the total energy during the ab initio molecular dynamics (AIMD) simulations at 300 K for the
hexagonal A'B™VCY semiconductors. AIMD simulations are performed on a 6 X 6 X 2 supercell. Instantaneous structure at the
initial and final AIMD steps for (s) KGeN and (t) KGeSb.
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Fig. S4. Calculated longitudinal piezoelectric stress coefficients es;; vs experimentally measured e;; for wurtzite
semiconductors (e.g., ZnO,* ZnS,° AIN,® GaN,® CdS,” and CdSe’) and ferroelectric perovskites (e.g., PbTiOs® and BaTiOs®).
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Fig. S5. Spontaneous polarization Pg for (a) KGeN and (b) KGeSb as a function of longitudinal strain &, (the slope
corresponds to piezoelectric stress coefficient ess).
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Fig. S6. The longitudinal piezoelectric stress coefficients e;; versus the ratio of electronegativity difference Ay =
(ts — xa)/(xc — xa) for the hexagonal (a) A'B™VCY and (b) A'B"CY semiconductor. The e;; values for hexagonal 4'B"CY
semiconductor are from Ref. 10. (c) Crystal structures of the hexagonal A'B"CY semiconductor and (d) the electron localization

function (ELF) projected along the [110] plane for KMgSb.
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Fig. S7. The calculated clamped-ion (el;), internal-strain (el;), and total (es3) piezoelectric coefficients of the hexagonal

A'BVCY semiconductors.
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Fig. S8. Calculated internal-strain longitudinal piezoelectric stress coefficients el, vs internal atomic relaxations in response
to the longitudinal strain {0u[(B) — (A)]/de., du[(C) — (A)]/de.} for the hexagonal A'B"CY semiconductor.
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