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Nitride devices e.g. AlGaN/GaN heterostructures are one of the main candidates for current 
power electronics and RF applications [1,2]. To improve device performance materials with 
either higher spontaneous polarization fields to increase carrier density in the two-dimensional 
electron gas (2DEG) formed at the heterointerface, or with a higher band gap like AlN are 
investigated [3, 4]. In both cases, the ohmic contact formation to the 2DEG is demanding and 
for the shrinking dimensions the contact resistance of source and drain becomes crucial for 
the resulting ON-resistance.  
 
Here, our efforts for a better device performance are shown. Hence, special material stacks 
to form ohmic contacts with ultra-low contact resistance to the different heterostructures will 
be summarized. Varying the standard approach of a Ti/Al/Ni/Au contact stack V [5] and other 
transition metals like Zr were used to either lower the thermal budget for alloy formation or to 
make an ohmic contact to layers with increased Al content possible at all. In addition, gold-
free stacks like V/Al/Ti/TiN [6] were used to enable CMOS compatibility. 
On the other hand, dielectric thin films are introduced by atomic layer deposition (ALD) to 
lower gate leakage current and hence increase the ON/OFF ratio further in a so-called 
MISHEMT (metal insulator semiconductor high electron mobility transistor) device. The impact 
of a fully amorphous dielectric (Al2O3), which was kept amorphous by the integration of a low 
thermal budget ohmic contact [5], was compared to an epitaxial dielectric film (GdScO3) [7]. 
Due to the band alignment and the high dielectric constant of GdScO3, the spillover effect as 
it was seen for Al2O3 [8] has been suppressed, and a reduction of threshold voltage shift due 
to the additional capacitance by the dielectric layer has been achieved. In addition, AlTiOx 

films were investigated as gate dielectrics, which enable a field and band alignment 
engineering allowing gate leakage reduction with minimal threshold voltage shift [9].  
These approaches were combined with atomic layer etching processes (ALE) to further reduce 
contact resistance by a source drain recess, and threshold voltage shift towards positive bias 
by a gate recess [10]. In the last case, in-vacuum ALD can be used to passivate the surface 
and compensate the unwanted increase of gate leakage current by the thinned barrier layer. 
Long ALE process times reduce the productivity, increase both the cost and the environmental footprint. 
A comparison of five different ALE modes, named full-purge, half-purge, purge-free, continuous plasma, 
and bias-pulsing, demonstrates the reduction of the process time by up to 60% without compromising 
quality while contributing to more sustainable processing practices. 
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