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It is often stated that there is a requirement to reduce the density of traps in GaN electronic 

devices in order to reduce device instabilities and time dependence. However, in reality 

HEMT devices simply would not work without the presence of high densities of deep levels; 

they are essential to render the epitaxial buffer semi-insulating in order to reduce leakage and 

to increase breakdown voltage. Here we discuss the multiple roles that carbon deep levels 

play in delivering high performance GaN HEMTs. 

    The key to a highly insulating and low leakage buffer is the use of a heavily compensated 

deep level. For many applications, carbon is the deep level of choice in GaN and AlGaN. It 

has a deep acceptor level 0.9eV above the valence band and it is strongly self-compensated 

with at least 40% forming a shallow donor[1, 2]. The result is that GaN:C can support 

depletion regions of either charge sign and it has extremely low bulk free carrier density of as 

little as 105cm-3 so that transport occurs primarily by hopping within a defect band[3]. Carbon 

is often included at a very high density of >1019cm-3 resulting in the GaN:C behaving 

resistively, or as a dielectric, with narrow depletion regions whose width or charge state does 

not easily change under bias. Another key reason for the high carbon density is to exploit the 

self-compensated nature of GaN:C to suppress both parasitic 2DEG and 2DHG leakage paths 

which otherwise would form in step-graded or superlattice buffers. 

    The resistive carbon doped layer has to be separated from the active 2DEG by an undoped 

region, and it is transport through this nominally undoped GaN region that leads to much of 

the observed buffer-trap related instabilities such as current-collapse or dynamic RON. In 

general it is the transport to and from these deep levels located in depletion regions on the 

surfaces of the GaN:C, rather than the capture/emission, which is observed in conventional 

trapping/de-trapping measurements. Hence, since the GaN:C layer is nominally electrically 

isolated from the 2DEG, and most instabilities are observed under low-electric field 

conditions, it is essential to understand the low field electrical transport through both low and 

high doped GaN, in order to understand the mechanisms behind any charge relaxation. We 

will discuss the evidence for leakage along dislocations as a route for charge transport[4], and 

the impact of processing on leakage along those dislocations[5]. 

    There is always a vast excess of carbon deep levels, almost all of which are compensated 

resulting in a net-neutral buffer. The objective of good device and epitaxy design is to ensure 

that the vast majority of those deep levels do not change their charge state thus minimizing 

any trapping effects. In normal device operation this amounts to ensuring that the GaN:C 

region remains resistive and there is no change in the depletion charge at its surfaces. We will 

show that representing the active HEMT device as a “leaky dielectric” allows the general 

principles to be illuminated that result in this being achieved. It also allows us to understand 

what deficiencies in transport properties lead to the frequently observed strong vulnerability 

to dynamic RON behavior[6]. It transpires that successful device operation requires not only a 

high density of compensated deep levels but also the presence of leakage paths to those traps. 
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