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An AlGaN/GaN heterostructure field-effect transistor (HFET) as the next-generation power device has 
lots of advantages such as high efficiency, high frequency, and high power [1]. These advantages are 
enabled by the high electron mobility and density of the 2DEG layer formed intrinsically at the interface 
between AlGaN and GaN. It is known that the sensitive surface of AlGaN easily aggravates the electron 
density in 2DEG. Applying a passivation layer on the top of AlGaN can mitigate this issue, so called 
the passivation effect, however, the underlying physics related to the passivation effect has not been 
fully examined yet. In this study, we present a systematic study on the effect of passivation layers on 
carrier transport in AlGaN/GaN HFETs by means of various passivation materials and deposition techniques. 
We deposited a 100 nm-thick SiO2 or SiNx layer on AlGaN/GaN surface by using PECVD or rf-sputter 
system. After deposition of the passivation layers, a Ti/Al/Ni/Au (30/70/30/70 nm) metal stack was deposited 
and annealed for an ohmic contact by using an E-beam evaporator and an RTA system, respectively. 
For comparison purpose, a sample without any passivation layer was prepared at the same time. 
We observed that the sheet carrier density of the samples with a passivation layer (either SiO2 or SiNx) 
deposited by using PECVD increased, compared to the reference sample; while the sheet carrier density 
of the samples with a passivation layer deposited by using a rf-sputter system decreased. Through a 
capacitance–voltage (C–V) measurement and XPS analysis, we found that the carrier transport in 2DEG 
of an AlGaN/GaN HFET is significantly influenced not only by a passivation material itself but also 
by a deposition method. These findings will be useful for the further optimization of passivation layers 
for the various applications of AlGaN/GaN HFETs.
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AlGaN/GaN HEMTs are under active development for power devices and high-frequency applications 
due to high breakdown voltage and high mobility with wide bandgap and 2DEG [1]. These devices 
still suffer from reliability issues limiting the dynamic performance in practical applications. So it should 
be also considered the degradation mechanisms that affect the dynamic performance and the reliability 
issues of AlGaN/GaN HEMT devices [2] as well as the DC characteristics. We note that there are traps 
and interface states at the AlGaN/GaN heterojunction interface caused by the lattice mismatch during 
the fabrication process and hot carrier effect under high voltage/current operation. For a  robust reliability 
of AlGaN/GaN HEMTs, it is very important to investigate and characterize the distribution of the interface 
traps over the band gap and their physical mechanism. In this work, we employed a differential ideality 
factor (DIF) under monochromatic sub-bandgap photonic (Eph=2.8 eV) illumination, combined with  
capacitance-voltage (C-V) characteristics. We extracted the distribution of the interface traps over the 
bandgap to be  Dit(E) = 2.62×1010~6.26×1011 [eV-1cm-2]. This technique will be useful for characterization 
of the fabrication process and degradation mechanisms in AlGaN/GaN HEMTs. 

GaN layer
Substrate : Sapphire

LSG LG LDG

(a)

GaN cap layer

Leff

Monochromatic blue light

Al0.26Ga0.74N layer

Gate

Interface traps

DrainSource

2DEG

Emitted electrons

(b)

Ceff

CGaNCfree Cit,ph

0.20 0.15 0.10 0.05 0.00
0

2

4

6

8

 

 Interface trap density

In
te

rf
ac

e 
tr

ap
 d

en
si

ty
 

   
D

it
10

11
 [e

V
-1
cm

-2
]

Surface potential from Ec [eV]

(c)

Fig. 1. (a)Schematic cross section, (b) C-V equivalent circuit of AlGaN/GaN HEMT devices and (c) 
extracted heterojunction interface trap density (Dit(E) = 2.62×1010~6.26×1011 [eV-1cm-2]).
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