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The dependence of the 1/f noise on 2D electron concentration in the channel nCh of AlGaN/GaN Het-
erostructure Field Effect Transistors and Metal Oxide Semiconductor Heterostructure Field Effect 
Transistors has been studied and compared. The dependencies of Hooge parameter αCh for the noise 
sources located in the channel of the transistors on sheet electron concentration are found identical 
for both types of devices.  The increase of the Hooge parameter αCh with the decrease of the channel 
concentration observed in both types of devices confirms that the noise sources are located in the re-
gion under the gate in the AlGaN/GaN heterostructure and that electron tunneling from the 2D elec-
tron gas into the traps in GaN or AlGaN layers is a probable noise mechanism. 
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Introduction 
GaN-based Heterojunction Field Effect Transistors (HFETs) are expected to find applica-
tions in high power, high frequency, and low noise electronics [1−3]. Recently, a novel 
SiO2/AlGaN/GaN Metal-Oxide-Semiconductor Heterostructure Field Effect Transistor 
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(MOSHFET) device has been demonstrated [4,5]. The gate leakage current of this de-
vices is 4−6 orders of magnitude lower than that of a conventional AlGaN/GaN HFET. 
The general noise properties of AlGaN/GaN MOSHFETs have been studied in Refs. 
[6,7].  

The investigation of the gate voltage dependence of the drain current noise is an ef-
fective tool to analyze the physical nature and localization of the noise sources (see, for 
example, [8−11]). Our recent studies of HFETs using this method showed that the tunnel-
ing of the electrons from the two dimensional electron gas in the device channel into 
traps in the bulk GaN or AlGaN might cause the 1/f noise [11]. 

In this paper, we report on the comparative study of the AlGaN/GaN HFETs and 
MOSHFETs that confirms this conclusion.  

2. 

3. 

Experimental details 
The AlGaN/GaN heterostructures used in this study were grown by metalorganic 

chemical vapor deposition (MOCVD) on a semi-insulating 4H-SiC substrate. They con-
sisted of a 50-nm-thick AlN buffer layer, 0.4-µm-thick undoped GaN layer, followed by 
Al0.2Ga0.8N barrier layer, which was doped with silicon to approximately 2×1018 cm-3. As 
always in our growth, we added trace amounts of indium to all nitride layers, which con-
siderably improves the materials quality. HFETs and MOSHFETs were fabricated on the 
same wafer. In order to fabricate MOSHFET and HFET devices on the same wafer, prior 
to the gate metallization a 7 nm SiO2 layer was deposited on a part of the heterostructures 
using Plasma Enhanced Chemical Vapor Deposition. 

The transistors had the source-drain spacing of 4−5 µm, the gate length, L, of 1−1.5 
µm, and a gate width, W, in the range of 50−150 µm. The Transmission Line Model 
(TLM) structures and transistors were fabricated on the same wafers. 

All dc and noise measurements were performed in linear (Ohmic) regime at a small 
drain-source dc bias. 

Results and Discussion 
For both HFETs and MOSHFETs, the capacitance−voltage measurements were per-

formed at frequency of 1 kHz on the test transistors with the large gate area. For the en-
tire range of the gate biases, Vg, from zero to the threshold voltage, VT, the gate capaci-
tance was practically constant manifesting the linear dependence of the electron channel 
sheet concentration nCh on the gate bias. The measured gate threshold voltages were equal 
to –6 V and –2 V for MOSHFETs and HFETs, respectively. A more negative threshold 
voltage of the MOSHFET is partially linked to an additional voltage drop across the sili-
con dioxide layer. The thickness of GaAlN and SiO2 layers extracted from the capaci-
tance measurements was in good agreement with the data obtained from technological 
estimations. 

The noise spectra of the drain current fluctuations had the form of 1/f Γ noise with Γ 
close to unity (Γ = 1.0−1.17). At low drain biases, the spectral noise density was propor-
tional to the square of the drain voltage SId ~V . Using the techniques described in de-
tails in Ref. [12], we checked that neither contact noise nor noise from gate leakage cur-
rent contributed much to the total output noise of HFETs.  

2
d

Figure 1 shows the dependence of the relative spectral density of short circuit 
current fluctuations SId/Id

2 multiplied to the gate area ACh on normalized gate voltage 
Vgn = (Vg - VT)/VT  for HFETs and MOSHFETs.  
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Fig. 1. The dependencies of the relative spectral noise density of the drain current fluctuations on normalized 
gate voltage Vgn = (Vg - Vt)/Vt for HFETs and MOSHFETs. Frequency of analysis f = 1Hz. 

 
As seen in Fig.1, the gate voltage dependencies of noise for both types of the devices 

are identical in spite of different threshold voltages for the HFETs and MOSHFETs. At 
low values of Vgn , the noise in MOSHFETs is somewhat smaller than that in HFETs. One 
of the reasons for this difference might be the different electron concentration even at the 
same values of Vgn. Another possible reason for the different noise level can be the differ-
ent ratio of the channel resistance to the contact resistance for HFETS and MOSHFETs. 
In order to take into account these two factors, we estimated the Hooge parameter αCh in 
the channel under the gate [13]: 

 

fN
R
S

Ch

RCh
Ch 2=α     (1) 

 
where N is the total number of the conduction electrons in the channel under the gate, f is 
the frequency of the analysis, RCh is the channel resistance, SRCh /RCh

2  is the relative spec-
tral density of the channel resistance fluctuations. 

Assuming that the noise sources are not correlated and located in the channel, and in 
the source-gate, and gate-drain regions, the spectral noise density of the drain current 
fluctuations can be presented as follows: 
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where Rds = Rch+Rs+Rd+Rc is the drain-source resistance at low drain bias, Rs and Rd are 
the series resistance of source−gate and gate−drain regions, respectively Rc is the contact 
resistance, SRch and Sac are spectral densities of the Rch  and (Rs+Rd) fluctuations, respec-
tively. The spectral noise density Sac does not depend on gate voltage, as the contribution 
from the channel resistance SRch varies with the gate voltage. Assuming that both SRch and 
Sac comply with the Hooge formula (1), the dependence of αCh on the channel concentra-
tion nCh can be found as: 
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where Aac is the area of the drain-gate, gate-source openings, nac is the electron concentra-
tion in these regions,  

∫= gV

Vg gCh CdV
q

n
1

1
    (4) 

 
C is the gate capacitance per unit area, Vg1 is the gate voltage which was taken to be 
smaller than the threshold voltage VT. Since at Vg < VT the gate capacitance is very small, 
the chosen value of Vg1 does not significantly affect the dependence nCh(Vg) given by Eq. 
(4). The channel resistance RCh was found as RCh = Rds - Rc - Rd -Rs. The values Rc, Rs, 
and Rd, were found from the TLM measurements [14] and from the known transistor di-
mensions. In Eq. (3), α0 is Hooge parameter for ungated regions of the transistor. We 
estimated the value of α0 assuming that at zero gate voltage, the value of the Hooge pa-
rameter is the same for the channel and ungated regions.  
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Fig. 2. The dependencies of the Hooge parameter αCh on 2D sheet channel concentration nCh for HFETs and 
MOSHFETs. 
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Figure 2 shows the dependencies of the Hooge parameter αCh on 2D sheet channel 
concentration nCh calculated for the HFETs and MOSHFETs. As seen in Fig. 2, both the 
absolute values of αCh and their dependencies on the channel concentration are identical 
for both types of the devices. This clearly shows that SiO2 layer does not affect the noise 
properties.  

 

4. Conclusions 
At low channel concentrations, αCh decreases with the increase of nCh approximately 

as αCh ~ 1/nCh, reaches a minimum and then increases with a further increase of nCh. The 
dependence αCh ~ 1/nCh  indicates that the spectral density of the channel resistance fluc-
tuations SRch does not depend on channel concentration. This is a very typical situation for 
Si MOSFETs where the noise arises from tunneling of electrons from semiconductor to 
traps in the oxide. The amplitude of that surface noise depends only on the trap density at 
the Fermi level [15,16]. Similar noise mechanism consisting of tunneling of electrons 
from 2D gas to GaN or AlGaN might be dominant in GaAlN/GaN-based transistors as 
well.  

The increase of αCh at high concentrations, nCh, can be attributed to the electron 
spillover from the 2D-channel to a parallel low electron-mobility “parasitic conduction" 
channel (see also [11]). The noise level in such “parasitic channel” should be very large 
and corresponds to α ~ (10-2 −1) for the bulk GaN [17−19].  
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