
Fast HFETs with InN channel material 

InN is a unique semiconductor material with the highest electron velocity (vmax) among all 
commonly known semiconductors. Thus, designing high-electron mobility transistors (HEMTs) 
with InN channel may represent the best option nature can offer in the field of ultra-high-
frequency electronics. However, mainly because of the immature state of the InN 
heterostructures, this type of devices exist only as a theoretical concept and till now no 
microwave HEMT has been demonstrated. In the present study, in contrast to all earlier 
suggestions, InN is proposed as a strained channel grown on a tailored design InAlN buffer layer 
with either In or N polarity at the surface or as a non-polar material. In this way, mainly because 
of a low difference between lattice constants of InN and InN-rich InAlN, coherent growth and 
theoretically predicted performance of InN-channel HEMTs can be expected. 

State-of-the-art InGaAs channel HEMTs with a gate length LG = 40 nm reach current gain cut-off 
frequency fT of 688 GHz while GaN-channel HEMTs (representing the most common III-N 
semiconductor) with the same LG show fT of ~400 GHz. If GaN channel is replaced by InN, taking 
into account theoretical vmax, the intrinsic fT should be increased by a factor of 2.5, reaching THz 
frequency range. Moreover, polarity of III-N materials will enable controlled design of both of 
normally-on and -off InN-channel HEMTs, paving the way for novel mixed signal and logic 
circuits. The objective of the work is to develop scientific knowledge and expertise for a new 
class of electronics based on InN. The major challenges are to understand and develop growth 
methods of InN heterostructures, to explore and explain electro-chemical properties of highly 
polar surfaces and interfaces and to study and develop new transistor devices. Study outcomes 
will enable ultra-high speed/frequency applications for Terahertz solid-state amplification, 
emission, detection and beyond CMOS logic circuits. 
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Fig. 1 Electron velocity dependence on the electric 
field at room temperature in different 
semiconductors. After  T. Palacios, phys. stat. sol. (a) 
206, pp. 1145-1148 (2009).. 


