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Abstract
This work investigated the electrical properties in AlGaN/GaN/Si HEMTsgrown by molecular beam
epitaxy. The electrical behavior have been investigated using by electric permittivity, modulus formalism
and conductance measurements. As has been found from electrical conductance, dispersive behavior is
related to barrier inhomogeneity and deep trap in barrier layer. On the other hand, the strain relaxation of
charge transport is studied both permittivity and electric modulus formalisms.

1. Related Works
AlGaN/GaN high electron mobility transistors have attracted a great deal of interest for biotechnical,
biomedical, high-power and high-frequency applications [1–4]. Group III-nitride based materials are
attractive due to of their superior properties, such as, wide band gaps, large breakdown bias voltages,
high conduction band offset, high thermal and chemical stability, strong spontaneous and piezoelectric
polarization �elds as well as an e�cient carrier transport [5, 6]. A two-dimensional electron gas (2DEG)
can occur, resulting from the latter feature, at the AlGaN/GaN heterointerface and provides high sheet
carrier concentrations [7, 8]. For instance, a high aluminium content is suitable in order to increase the
electron con�nement and polarization-induced charge densities [2]. In addition, the insertion of a thin
spacer in a HEMT device is proved to increase the mobility of carriers and decreases the alloy scattering
[9–11].

Defects, impurities, current collapse, hot electron effects and leakage current are, however, lead to a
limitation of the device performances [12–15]. The hot electron effect reduced by AlN spacer. Also, the
current collapse reduced by using insulated gate or by surface passivation [16–19]. On the other hand,
doping deep acceptor atoms into the buffer layer makes the layer semi-insulating to decrease the leakage
current [20,21]. However, the origin and location of the active traps were characterized by many
techniques such as deep-level transient spectroscopy (DLTS) [8,22], conductancedeep-level transient
(CDLTS) [23,24] and capacitance-frequency-temperature mapping [25]. As has been really found, the
conductance and capacitance of a device varied with the frequency of the appliedalternatif electric
current [26]. This phenomenon is called capacitance and conductance dispersion and can cause a
piezoelectric polarization strain relaxation model of AlGaN/GaN Schottky diodes. In addition, the related
conduction mechanism, the material quality and the trapping effects of the channel electron are
investigated by low frequency noise measurement (LFN) [27–29]. Therefore, Hooge mobility �uctuations
(HMF) and carrier number �uctuations (CNF) are two noise models, that can explained the LFN
characteristics in AlGaN/GaNHEMTs [30,31]. In the present work reports on a study of AlGaN/GaN/Si
HEMTs by dielectric characteristics. We have also investigated the electrical conductance, the dielectric
formalism and the complex modulus. An attempt to correlate all of the results has been made in order to
assign the contribution of different mechanisms to the conductance and relaxation processes.

2. Experiments
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The AlGaN/GaN HEMTs under investigation are grown on silicon (111) substrate by using molecular
beam epitaxy (MBE). The active layers consist in a 500 nm thick of undoped AlN/AlGaN buffer, a 1.8 µm
undoped GaN channel, a 23 nm thick of undoped Al0.26Ga0.74N barrier and a 1 nm n+-GaN cap layer. The
ohmic contact pads are patterned using e-beam lithography. Hereafter, the metallization by means of
evaporated 12/200/40/100 nm Ti/Al/Ni/Au is deposited at 900°C during 30s. The Schottky gate is
realized using 100/150 nm Mo/Au layers. On the other hand, the AlGaN/GaN/Si HEMTs are passivated
by 100/50 nm SiO2/SiN with N2O pretreatment. Dielectric properties were performed using a Keithley 236
source unit and conductance measurements were performed using a HP 4192 LF impedance analyzer at
atmospheric pressure and room temperature.

3. Conductance Measurements
Conductance measurements have performed on AlGaN/GaN HEMT at room temperature. Fig.1 shows
theconductance as a function of radial frequency at different bias voltage Vgs. It is found that the
conductance characteristics remains constant at low frequencies and increase continuously at higher
frequencies. As can be noticed, the conductance variation is composed of two regions. The direct
conductance (Gdc) shows the existence of a plateau at the lower frequency. In addition, at the higher
frequency, the ac conductance obeys a power law feature. The conductance can be expressed as [32] :

where Gdc is the dc conductance,  is the angular frequency and s is the critical exponent. The critical
exponent as illustrated in the inset of Fig.1. It can be seen that the critical exponent decreases going from
0.44 to 0.38. The reduction in critical exponent is assigned to structural defects, inhomogeneities of
thickness and composition of the layer, inhomogeneous doping, non-uniformity of interfacial charges,
interface roughness [33,34]. This proposal of explanation agrees will with the strain relaxation in the
barrier layer, the barrier inhomogeneity and the particular distribution of the interface states at
metal/semiconductor interface [26,35,36].

4. Dielectric Studies
The permittivity characteristics of the (Mo/Au)/AlGaN/GaN heterointerface can be written as [37]:
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AlGaN and  is the transport conductivity.Fig.2 shows the relative permittivity imaginary partsas a
function of radial frequency. It is found that the relative permittivity imaginary parts decreases and
remains constant at higher frequencies. However, the latter behavior is due to the dispersive behavior of
the (Mo/Au)/AlGaN/GaNSchottky barrier diode. The dispersive behaviorcan be attributed to the strain
relaxation in theAlGaNbarrier layer under the (Mo/Au) Schottky gate [26,37,38]. It can be seen that the
permittivity decreases with increasing frequency. It is worth noticing that the strain relaxation mechanism
occurs to cause permittivity falls. In addition, the relaxation mechanism is expected to be a the enhanced
collision between phonons and piezoelectric polarization dipoles [26].

Fig.3 shows the dielectric lossas a function of angular frequency at different bias voltage Vgs. It is found
that the loss tangent decreases continuously with increases frequency. As also shown, at higher
frequencies, the dielectric loss reaches constant values. At lowerfrequencies,the dielectric loss, however,
rises sharply. The latter behavioris due to the relaxation mechanism and especially results from a
decrease permittivity. The loss tangent have revealed a decreasing tendency according to the colossal
dielectric response and the barrier inhomogeneity. At higher frequencies, the dielectric loss is enhanced
due to piezoelectric polarization. More especially, the remains loss tangent is assigned to the occurrence
of transport conductivity and energy is observed from the alternating �eld. This proposal of explanation
agrees well with thestrain relaxation in the barrier layer.

5. Complex Modulus Analysis
The complex electric modulus investigates the electrical transport in devices. In addition, the complex
electric modulus provides an alternative approach based on the conductivity relaxation time and
polarization analysis [39]. It is found that the complex electricmodulus is related to the complex dielectric
permittivity [40], it is given according to :
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Fig.4 shows the real part of electric modulus as a function of radial frequency. As can be noticed, the real
part of electric modulus is very low at lower frequencies. The latter behavior is due to the absence of
electrode processes and especially results from a long-range of the charge carriers in HEMT devices. At
higher frequencies, the real part of electric modulus, however, exhibits a dispersion then tend towards M∞

when the frequency rises. It is found that this continuous dispersion indicates that the electric conduction
is due to the charge carriers mobility. 

Fig.5 shows the imaginary part of electric modulus as a function of radial frequency. As can be noticed,
the spectrum is composed of one asymmetric peaks at different bias voltage Vgs. It is worth noticing that
these peaks represents of relaxation behavior nature. It is found that the dielectric relaxation is thermally
carrier generation activated in AlGaN/GaN heterointerface. It can be seen that the low-frequency of the
peak represents the frequencies range in which carrier generation (electrons or holes) moves over long
distances. In addition, the high-frequency of the peak represents the frequencies range in which carrier
generation is trapped in 2DEG. It is worth noticing that the existence of a inhomogeneous Schottky barrier
heights mechanism for charge transport. However, emission current of electron, recombination current of
holes and electrons, tunneling current and leakage current are the different current transport mechanisms
in the Schottky barrier diodes [41-44]. On the other hand, the piezoelectric polarization nature of the strain
relaxation mechanism is responsible for electrical conduction. 

6. Summary
In the present work, we have investigated the electrical properties of (Mo/Au)/AlGaN/GaN/Si HEMTs. The
conductance mechanism is characterized by using electrical conductance, while, relaxation phenomena
is studied by using permittivity and modulus formalism. The electrical conductance measurement shows
that the conductance processes are caused by the barrier inhomogeneity and the structural defects due to
the strain relaxation mechanism. Thus, the frequency-dependent of permittivity and modulus response
con�rmed the strain relaxation due to the dispersive behavior of the Schottky gate.
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Figure 1

Frequency-dependent conductance of the AlGaN/GaN/Si HEMTs devicesat different bias voltage.The
inset represents thecritical exponent, as determined from the linear �t of conductance characteristics.
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Figure 2

Frequency-dependent Dielectric constant of the AlGaN/GaN/Si HEMTs at different bias voltage.
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Figure 3

Dielectric loss (tan δ) of the AlGaN/GaN/Si HEMTs devices at different bias voltage.
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Figure 4

Real electric modulus of the AlGaN/GaN/Si HEMTs devices at different bias voltage.
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Figure 5

Imaginary electric modulus of the AlGaN/GaN/Si HEMTsdevices at different bias voltage.


