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Abstract—Local levels with a large activation energy
0 8–1.0 eV have been observed in low-frequency

noise measurements of GaN/AlGaN heterostructure field ef-
fect transistors (HFETs and MOS-HFETs) grown on 4H–SiC
substrates. The noise might come from thin (30 nm) AlGaN
barrier layer. The estimates of the level parameters based on
this assumption resulted in reasonable values of capture cross
section (10 12 10 13) cm2 and trap concentration

5 1016 cm 3.

Index Terms—1 noise, gallium nitride, generation recombi-
nation noise, HFETs, low frequency noise.

I. INTRODUCTION

GAN-BASED heterostructures have an excellent potential
for high temperature and high frequency electronics be-

cause of the wide energy band gap and high peak and satu-
ration velocities. The level of the low-frequency noise is one
of the important parameters, which determines whether the de-
vices are suitable for microwave communication systems. The
first measurements of the low frequency noise in bulk GaN [1],
gateless GaN/AlGaN heterostructures grown on sapphire sub-
strates [2], and GaN/AlGaN heterostructure field effect transis-
tors (HFETs) grown on sapphire substrates [3] demonstrated a
very high level of noise. The noise level in different semi-
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conductor materials and structures is usually characterized by
the dimensionless Hooge parameter,[4]

(1)

where
total number of the conduction electrons in the
sample;
frequency of the analysis;
relative spectral density of noise.

The reported values of were larger than . In such
conditions, only noise has been observed in GaN/AlGaN
HFETs. Recently, the structures with rather low value of

were reported both on silicon carbide
(SiC) and sapphire substrates [5]–[7]. These values ofare
comparable to the values offor commercial GaAs MESFETs
[8], [9] and for Si n-MOSFETs [10]. Just like in GaAs and Si
FETs, and GaAs/GaAlAs HFETs, the contribution of the local
levels to the low-frequency noise can be observed in the struc-
tures with such low noise. The generation–recombination
(GR) noise from a local level was reported for the first time in
GaN/AlGaN HFETs in [11]. The temperature dependence of
low-frequency noise revealed a contribution to the noise from
a local level with the activation energy, , of approximately
0.42 eV in the structures grown on sapphire substrate. The
levels with eV for GaN/AlGaN HFET’s on sapphire
substrate and with eV–0.36 eV on SiC substrate
were observed in [12], [13] using noise spectroscopy technique.
The origin of these levels was not clear.

In this article, we present new experimental data on the tem-
perature dependencies of the low-frequency noise for two types
of GaN/AlGaN HFETs: conventional HFETs and novel MOS-
HFETs. These data reveal the contribution of the traps with ac-
tivation energy of 0.8–1.0 eV to the low frequency noise.

II. EXPERIMENTAL DETAILS

AlGaN/GaN heterostructures of both types were grown at
1000 C and 76 torr by low pressure metal organic chemical
vapor deposition (MOCVD) on insulating 4H–SiC-substrate. A
50 nm AlN buffer layer was followed by the deposition of a
0.4 m insulating GaN layer and a 50 nm n-GaN layer with
an estimated doping level between cm and

cm . The heterostructures were capped with a 30 nm
Al Ga N barrier layer, which was doped with silicon ap-
proximately to cm . The measured room temperature
Hall mobility and sheet carrier concentration were 1150 cm/Vs
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and cm , respectively. Prior to transistor fabrication,
a 7 nm SiO layer was deposited on part of the heterostructures
(MOS-HFETs) using plasma enhanced chemical vapor depo-
sition (PECVD). We used e-beam deposited Ti/Al/Ti/Au (100
Å/300 Å/200 Å/1000 Å) layers for ohmic drain and source con-
tacts. These contacts were annealed at 850C for 60 s using
rapid thermal annealing (RTA) in nitrogen ambient. The tran-
sistors had source-drain spacing of 5 m, the gate length
of 2 m, and gate width in the range of 150 to 250m. He-
lium ion implantation was used to isolate devices.

The low-frequency noise was measured in the frequency
range from 1 Hz to 100 kHz in the temperature interval from
300 K to 550 K in the common source configuration at small
values of the source-drain bias (linear regime). The voltage
fluctuations from the 100 resistor connected in series
with the drain were analyzed by SR770 Network Analyzer.

The spectral noise density of the short circuit drain current
fluctuations was calculated using the well-known expression

(2)

where is load resistance, and is differential resis-
tance of the device under study. Temperature dependencies of
noise were measured with the gate grounded at constant drain
voltage. The probe station with the 10m diameter tungsten
probes and controlled pressure on the probes provided contacts
to the sample pads.

III. RESULTS AND DISCUSSION

Noise data for the purpose of noise spectroscopy are usually
presented in the following two forms.

1) Spectral noise density versus frequency at different
temperatures [14], [15] or versus [16].

2) Spectral noise densityversus temperatureat different
frequencies [17]–[19].

In the first case, the dependence , directly yields time
constant and its temperature dependence (here
is the characteristic frequency of the GR spectrum). Plotting of

against yields the activation energy .
In the second caseis taken to be equal to , at the tem-

perature , when noise reaches the maximum. Once again
the slope of the dependence of or versus yields the
activation energy . Formally, the two approaches are equiva-
lent. However when the amplitude of the GR noise is close to the

noise level, the second method is more revealing [17]–[19].
Fig. 1 shows the temperature dependencies of relative noise

density of short circuit drain current fluctuations (where
is the drain current at given temperature) for conventional

GaN/AlGaN HFETs (a) and GaN/AlGaN MOS-HFETs (b) in
the frequency range from 110 Hz to 3200 Hz. In the investi-
gated frequency range dependencies for both types
of devices exhibited a broad maximum. The temperature of the
maximum , increases with frequency (Fig. 1). The spectral
density corresponding to the maximum, decreases with
frequency. Such dependencies are typical for the noise
from local levels [17]–[19].

Fig. 1. Temperature dependencies of relative current noise density for
conventional GaN/AlGaN HFETs (a), (b) and GaN/AlGaN MOS-HFETs (c)
at different frequencies of analysisf . Frequencyf (Hz): 1—110, 2—200,
3—400, 4—800, 5—1600, 6—3200 Hz. Gate voltageV = 0, drain-source
voltageV = 0:5 V.

Fig. 1(a) and (b) shows the temperature dependence of noise
for different transistors fabricated on the same wafer. As can
be seen from these figures the amplitude of the noise and the
position of the maxima vary from transistor to transistor.

Fig. 2 shows the dependencies of versus (the
Arrhenius plots) for several samples. Since the maxima on

dependicies are very broad, we can only establish
that the activation energy is in the range between 0.8–1.0 eV.
As can be seen in the Fig. 2, this energy is approximately the
same for HFETs and MOS-HFETs. The difference in noise
dependencies between HFETs and MOS-HFETs structures
does not exceed the difference between the data for different
HFETs samples.

It is clear that the level observed in this paper can not be at-
tributed to the gate leakage current,. The leakage current in
GaN/AlGaN MOS-HFETs is negligibly small. The character-
istic value of in such structures is less than 10 pA [20]. The
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Fig. 2. 1=kT versus ln f (the Arrhenius plots) for several samples.
Squares—HFET, Fig. 1(a); diamonds—HFET, Fig. 1(b); crosses—MOS-HFET,
Fig. 1(c). All other symbols represent HFETs. The slope of the lines determines
the characteristic activation energies of local levelE � 0:8–1.0 eV.

characteristic values of for conventional GaN/AlGaN HFETs
is four or more orders of magnitude higher. However, as can
be seen from Fig. 1, the intensity of noise is approximately the
same for the structures of both types.

Let us now analyze if the GR noise can originate from the
traps located inside the channel.

For two-dimensional (2-D) case, the expression for relative
spectral noise density generated by the single trap in the
channel has the following form [14], [19]:

(3)

where
trap sheet concentration;

and channel length and width, respectively;
electron sheet concentration;

circular frequency;
time constant associated with return to

equilibrium of the occupation of the level;
Fermi–Dirac occupancy function;
capture time constant

(4)

where is the electron velocity on the Fermi
level.

For the 2-D degenerate electron gas ( ), with the exper-
imentally found value of the capture cross section is

(5)

As shown in [19], [21]–[23], . For
Hz ( s ), and for
cm , we find: eV,
cm/s, and cm [at K, see
Fig. 1(a) and (b)]. This value of the capture cross section is too
small to be realistic. This result shows that for degenerate 2-D

gas the source of low frequency GR noise, with any activation
energy, can not be located directly in the 2-D channel.

The GR noise observed in present work can not also be ex-
plained by the tunneling of electrons from the 2-D gas to GaN
or AlGaN, because these processes do not require an activation
energy.

Another possible location of the traps responsible for GR
noise is fully depleted AlGaN barrier layer (including AlGaN
surface from the gate side). The GR noise from the traps in the
AlGaN layer can be approximately described by (3), where
is replaced with . Here, is the volume concentration of
traps and is the thickness of the AlGaN. The time constant (is
now given by the Schockley–Hall–Read theory. Assuming zero
free carrier concentration within the depletion region and that
the level under consideration is located in the upper half of the
forbidden gap, the expression forcan be written as [24], [25]:

(6)

where
Boltzman constant,
temperature,

,
density off states in the conduction band.

Differentiating (3) with respect to and setting the deriva-
tive equal to zero, we find

(7)

Hence, the slope of the plot of against (Arrhe-
nius plot) yields the level position . From the slope of Arrhe-
nius plots in Fig. 2, we find the position of the level responsible
for noise to be –1.0 eV.

Once is known, the time constan can be found from (6)

(8)

and electron capture cross section of the level can be found as

(9)

Taking for estimations the point in Figs. 1 and 2, where
( Hz), K the value of electron thermal ve-

locity in Al Ga N at 384K cm/s, and density
of states in the conduction band cm , we find
the electron capture section cm . This
estimate for the capture cross section looks quite reasonable.

Fig. 3 shows the versus dependencies plotted
for several samples of MOS-HFETs and HFETs (see Fig. 1 for
the definition of ). It is seen that in all cases, the slope is
equal to unity. Such kind of dependencies usually indicates that
temperature dependence of noise is mainly determined by the
temperature dependence of[22], [26]. Then, the trap concen-
tration can be crudely estimated as follows. Assuming that
the main contribution to noise comes from the level with occu-
pancy close to 0.5, we find for the trap concentration from (3)

(10)
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Fig. 3. S versusln f for different samples. Squares—HFET, Fig. 1(a);
diamonds—HFET, Fig. 1(b); crosses—MOS-HFET, Fig. 1(c). The slope of the
line is equal to unity.

Taking dB/Hz, at Hz we obtain
cm .

IV. CONCLUSION

Our measurements of the low frequency noise of GaN/AlGaN
HFETs and MOS-HFETs on SiC substrates reveal the contribu-
tion to noise from a local level with activation energy

–1.0 eV. The analysis shows that the trap responsible for the
observed GR noise can be located in the AlGaN barrier layer.
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