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temperature (many Mott insulators) are not 
useful for many electronic and optoelectronic 
technologies. Owing to the strong historical 
interaction between the theory of defects 
and doping of semiconductor-based 
technologies — be they microelectronics, 
photovoltaics, transparent conductors, light-
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are omnipresent. In some host solids the 
natural ground state involves an ordered set 
of vacancies, as in pure ScS — a naturally 
occurring, low-entropy ‘ordered-vacancy 
compound’10. In other systems, the chemical 
bonding is so weak that manipulating the 
dependence of the defect-formation energy 
on chemical potential and Fermi level can 
lead to spontaneous defect formation. �is is 
the case for Te-rich SnTe, which has natural 
Sn vacancies11. �us, building defect-tolerant 
materials has intrinsic limits when the 
defects are unavoidable — encoded in the 
basic genetics and thermodynamics of the 
host material.

Doping by natural off-stoichiometry. In 
fact, as-grown materials already manifest 
a defect or doping selectivity. While we are 
conditioned to accept the Daltonian view of 
�xed, integer stoichiometry in compounds, 
the equilibrium that exists between a target 
compound (say, a ternary ABX phase where 
A and B are cations) and its competing 
phases (say, AX and BX) may shi� the 
compound to become naturally A-de�cient 
or B-de�cient. �is can be achieved through 
a combination of vacancies, interstitials and 
anti-sites, each with their own electrical 
levels. Such compounds can be intrinsically 
(as-grown) n-type or p-type without any 
intentional doping. Examples include 
half-Heusler compounds12 and quaternary 
kesterite semiconductors13. �e good news 
is that such tendencies are predictable from 
knowledge of phase equilibria12,13.

Genetic doping preferences. It was once 
thought that a su�ciently talented crystal 
grower could entice any material to be doped 
at will and thus place the Fermi level at a 
target position. While there is certainly some 
room for manipulations (see examples later), 
‘dopability’ re�ects the nature of the chemical 
bonding and electronic states in the host14. A 
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