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I. SUPPLEMENTARY NOTES
A. Supplementary note I: Vi Scattering

Supplementary Figure 1 shows the Vi - only scattering
rates at the concentration of 3.26 - 10'® cm™3. The fre-
quency range between 4 and 8 THz is highlighted as it is
relevant for the transport in the pristine boron arsenide.
The plots show that (i) the phonon scattering rates are
consistently larger for bond distortions involving C, Si
and Ge impurities in their neutral states compared with
those in their charged states, and (ii) Sias, Geas and Cp
dopants lead to noticeably weaker bond defect scattering
than do Cag, Sig and Geg. Since Ge and C also result in
weak small mass differences when replacing host atoms
As and B, the plots confirm the unusually weak total
phonon-defect scattering rates for Geas and Cg dopants.

B. Supplementary note II: Hole Concentration

Supplementary Figure 2 we present the hole concen-
tration with and without considering the compensation
by donor impurities, in the stable As-rich growth condi-
tions. It can be noted that the maximum hole doping is
achieved in the case of Si impurities (p > 10'® cm™3),
with the Ge case closely following. In the case of C de-
fects the maximum of the hole concentration stabilises
near 107 em™3, i.e. one order of magnitude smaller, in
virtue of its larger ionisation energy with respect to Si
and Ge.

C. Supplementary note III: Frequency Shift

Point defects are a source of scattering and affect the
lifetimes of phonons, but they can also potentially lead to
a frequency renormalisation. While the latter is impor-
tant in alloying conditions, here we show that its effect
can be safely neglected for our purposes. To quantify
the shift in the phonon frequencies we consider, in terms
of the retarded Green’s function Gar of the the pristine
system [1]:
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which stems from the Dyson equation V = G5! —G~*
where G is the Green’s function for the defective system.
The T - matrix is defined in the main text and Q) are
the renormalised frequencies. We assume that 3 scales
linearly with the impurity concentration, in line with
the dilute defect approximation adopted to compute the
phonon-defect scattering rates. We evaluate the quan-
tity () —wy) - 100 - wy ', namely the percentage of how
frequencies are shifted in virtue of doping, in Fig. Sup-
plementary Figure 3 and in the case of of neutral Cxg
and Gep at the concentration of 4.0 - 102! ¢cm™3, with
the latter impurities presenting the strongest mass and
bond perturbation. It is found that even at such large
concentration the shift amounts to less than 1% of the
frequencies and can be safely neglected in our conductiv-
ity calculations.

II. SUPPLEMENTARY FIGURES

Supplementary Figure 4-Supplementary Figure 9 show
the phonon-defect scattering rates (concentration 3.26 -
10*® ecm™3) and the thermal conductivity at 300 K for
C, Si and Ge-doped BAs (either acceptors and donors).
We see that in the Geag, Sig and Cpg cases the pure
mass perturbation strongly underestimates the reduction
in thermal conductivity, while this does not happen for
Gep, Sips and Cag, where the mass variance dominates
the spectrum in the 4 —8 THz frequency range. For Geg,
Cas and Sig the bond perturbation is much larger than
in the remaining three defects, although the also large
mass perturbation makes it more difficult to distinguish
between charged and neutral states, in contrast with the
case of Geas and Cg. Finally, the Siag defect is virtually
a mass perturbation-only impurity, due to its large mass
variance and very weak bond perturbation.
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Supplementary Figure 1: Phonon-impurity scattering rates in BAs including only the bond distortions to isolate
differences between neutral and charged dopants. Red (blue) points are for charged (neutral) impurities. Dashed
vertical lines at 4 THz and 8 THz identify the main frequency region where phonons contribute to the thermal
conductivity of pristine BAs. Impurity density is 3.26 - 10'® cm™3.

1018 4

1017 4

hole concentration (cm~3)

10‘17 lOI]B 1619
impurity concentration (cm™3)

Supplementary Figure 2: Hole concentration in As-rich conditions for Si, Ge and C impurities. Continuous
(dashed) lines include (neglect) the presence of donor compensation effects.
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Supplementary Figure 3: Frequency shifts normalised by the pristine BAs phonon frequencies and multiplied by a
factor 100 for a concentration of 4.0 - 102" cm™3 in the case of neutral Cas and Geg.
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Supplementary Figure 4: Caq doped
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Supplementary Figure 5: Sips doped
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Supplementary Figure 6: Geps doped
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Supplementary Figure 7: Cg doped
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Supplementary Figure 8: Sig doped
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