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      AlGaN/GaN high electron mobility transistors 
(HEMTs) are appealing for high power, high frequency 
and high power switching applications, however trapped 
charge in the access region between the gate and drain, 
depleting the two-dimensional electron gas (2DEG), 
limits performance and increasing the dynamic on-
resistance (RON,DYN). Typically, plasma-enhanced 
chemical vapor deposition (PECVD) SiNx is used to 
passivate AlGaN/GaN HEMT surface states. In this work, 
we present improved passivation techniques by studying 
the effects of surface cleaning, passivation material, and 
deposition method to mitigate current collapse in 
AlGaN/GaN HEMTs. 
 
     The cleaning process before passivation is critical. 
Typically combinations of oxygen plasma and wet 
chemical treatments are used. The ex-situ cleaning 
process before PECVD SiNX deposition has been 
optimized to remove carbon from the surface and etch any 
native oxides. The optimization of the cleaning process 
has resulted in a 50% reduction in dynamic on-resistance 
degradation under off-state stress. The use of in-situ SiNX 
has also been proposed as a method to create an even 
cleaner surface [1,2]. An advantage of this process is that 
the passivation layer can be deposited directly after the 
barrier layer growth, and is typically of high quality. A 
systematic study has been performed to investigate the 
effect of SiNX thickness and deposition method (in-situ vs 
PECVD) on device performance.  
 
     Recently, AlN has become attractive as a passivation 
layer for HEMT devices [3]. The development of atomic 
layer deposition (ALD) and atomic layer epitaxy (ALE) 
methods for depositing high-quality, low-temperature 
AlN films has enabled the conformal deposition of AlN 
on processed HEMTs as passivation material. A particular 
advantage of the deposition technique is the ability to use 
in-situ cleaning techniques, thus presenting another 
method of forming a clean interface. We have 
investigated thin (4 nm) ALE-deposited AlN films as 
passivation layers. It was found that as the deposition 
temperature is increased up to 500 °C, the passivation 
quality improved relative to conventional PECVD SiNX 
films. In particular, there was reduced gate and off-state 
leakage current, minimal increase in dynamic on-
resistance under off-state stress conditions, and little 
change in the 2DEG properties (mobility, sheet carrier 
density).  
 
     Diamond has been heavily investigated as an 
integrated heat spreading layer, however it has also 
recently been reported to have passivation properties as 
well [4,5]. The high deposition temperature and harsh 
microwave CVD conditions (750 °C, H2/CH4 atmosphere) 
provide a very clean surface. The current collapse ratio is 
comparable to PECVD SiNX, but the thermal conductivity 
is much higher, resulting in improved device performance 
as a result of the reduced channel temperature.  

     In order to quantify passivation and study current 
collapse under realistic operating conditions, a boost 
converter circuit was integrated on a probe card. This 
enables the insertion of devices into a circuit without 
packaging, allowing for rapid prototyping of the various 
passivation schemes as well as device geometry effects. 
An increased circuit efficiency is visible in the better-
passivated devices as a result of the larger voltage swing 
from the reduced current collapse. This circuit enables us 
to study HEMT performance in the circuit as a function of 
duty cycle, operating frequency, and input voltage.  
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Figure 1. Cross-section of passivated HEMT 
 
Table I. Table of DC parameters for passivation schemes 

 
 

 
Figure 2. Change in dynamic RON for various quiescent 
point drain voltage stress 
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