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Abstract

In this paper the drain current low-frequency ndglseN) of E-mode GaN MOS-HEMT is investigated fofferent

gate insulators such as $j@&\l,05/Ga0s/Gd0;, HfO,/SIO,, Lap04/Si0O, and HfQ with different trap densitielsy

IFM based TCAD simulation. In order to analyze tais analytical model of drain current low frequemoyse is
developed. The model is developed by considering@Rarrier fluctuations, mobility fluctuations attte effects
of 2DEG charge carrier fluctuations on the mohility the study of different gate insulators it isserved that
carrier fluctuation is the dominant low frequencgige source and the non-uniform exponential distidin is

critical to explain LFN behavior, so the analyticabdel is developed by considering uniform disttidi of trap

density. The model is validated with available ekpental data from literature. The effect of tataimber of traps
and gate length scaling on this low frequency ndiseto different gate dielectrics is also investigl.
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1. Introduction

Recently GaN HEMTs are emerged as potential catelfda power-electronics, RF and low noise appioret
[1-5]. Due to its inherent material properties s large and direct energy band gap, high breakdisid
strength, high electron drift velocity and supertbermal and chemical properties, GaN HEMT based I®M
transceivers show superior performances as comparether devices [1, 6]. On the other hand onéhefmajor
disadvantages of these devices is that it has higgite leakage current which degrades the deviderpgance [7].
In order to avoid this problem different dielecsriand multilayer insulator stacks have been useddik the gate
[8-10]. In order to maintain good channel modulatitfferent high-k insulators are used as oxideitdg1]. Due to
the inherent material properties of GaN, these amviare generally normally-on [1]. But normally-¢E-mode)
devices have added advantage in simpler circuitgdeand low power consumption due to the eliminatod
negative power supply [3]. In order to obtain noltgraff operation of GaN MOS-HEMT, gate recess teicfue is
proposed in various literatures [13-14].

Different oxides such as SjQAl,Oz; have been reported as gate dielectrics for GaN M@SITs [11]. In order
to enhance the device performance other high-lediets such as HfOand LaOz; and composite dielectrics such
as AbOy/Ga04/Gd0;, HfO,/SIO,, La,04/SiO, also have been reported in literatures [11, 15ha&dgh these high-k
dielectric based gate-stack materials enhance tBecltaracteristics of the device, it has major inbpat low
frequency noise performance and reliability of desice [15]. So in this paper the different issakbw frequency
noise in GaN MOS-HEMT with different trap densitiase investigated using commercially available AB.A
TCAD tool [16]. Additionally, the effects of gaterigth scaling trends, number of traps and its gnaigfribution
on drain current LFN of GaN MOS-HEMT is also istigated.

Low frequency noise is one of the most importaris@sources in any semiconductor device as thesemr
converted to microwave frequencies which may degythaé circuit performance [17]. But the origin bistnoise is
still in infant stage of research. These 1/f no@esmainly classified into two typés. drain current 1/f noise and
gate current 1/f noise. There are mainly two modegkilable in literature which explain the origihdrain current
1/f noise. The first one is the McWhorter model][®ich is based on electrons fluctuation wheréassecond one
is the Hooge’s model [19] which is based on mopfliictuations due to the random phonon scattering.
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