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Abstract—The correlation between the noise level 1/f and the degree of mosaic-structure order in gallium
nitride epitaxial layers was studied for the first time. Samples with a doping level of Nd – Na ≈ 8 × 1016 cm–3

and a relatively high degree of order were characterized by the Hooge parameter α ≈ 1.5 × 10–3. This value is
unprecedently low for thin GaN epitaxial films. The Hooge parameter was significantly higher for samples with
Nd – Na ≈ 1.1 × 1018 cm–3 and a low degree of order despite the fact that α generally decreases with increasing
doping level at the same degree of order. Thus, the degree of mosaic-structure order affects not only the optical
and electrical characteristics but also the fluctuation parameters of GaN epitaxial layers. © 2004 MAIK
“Nauka/Interperiodica”.
1. INTRODUCTION

Devices based on gallium nitride (GaN) are now
considered among the most promising devices in vari-
ous fields of electronics: short-wavelength light-emit-
ting devices, solar-blind ultraviolet photodetectors,
high-speed high-power transistors, and others [1–5].

A distinctive feature of the nitrides of Group-III ele-
ments is a system of extended defects with a high dis-
location density and a mosaic (columnar, domain)
structure [6]. As was shown previously, the variety of
structural features of these compounds can be quantita-
tively characterized using such system parameters as
the degree ∆ of mosaic-structure order, the degree of
violation of general and local symmetry, and the degree
of self-organization of the system of extended defects
[7]. In this case, the lower the values of ∆, the better the
mosaic structure is ordered.

Comparative studies of structural properties of epi-
taxial layers with various values of ∆ showed that
coherent matching of mosaic structure domains with
the formation of dilatational boundaries is mainly
observed in layers with a well-ordered mosaic structure
(∆ < 0.340). Epitaxial layers with a poorly ordered
mosaic structure (∆ > 0.350) are characterized by the
preferential formation of dislocation walls at domain
boundaries. In the case of intermediate values of ∆,
both boundary types coexist in various ratios [8].

The optical and electrical properties of layers, as
well as carrier-transport mechanisms, differ signifi-
cantly for layers with different ∆ [9]. Layers with a
well-ordered mosaic structure are characterized by the
classical temperature dependence of conductivity: the
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conductivity increases with temperature T in the low-
temperature range, peaks, and then drops with a further
increase in T due to phonon scattering. For layers with
a poorly ordered mosaic structure, the temperature
dependence of the conductivity differs significantly from
this classical form and is similar to the corresponding
dependences for low-dimensional structures [10].

It is well known that the noise 1/f is one of the most
sensitive indicators of structural disorder for semicon-
ductors (see, e.g., [11]). However, to our knowledge, no
attempts to ascertain the correlation between the degree
of mosaic-structure order in GaN and the 1/f noise level
have been undertaken.

In this study, the correlation between the 1/f noise
level and the degree of mosaic-structure order in GaN
epitaxial layers is considered for the first time.

2. EXPERIMENTAL

The studies were carried out with n-GaN epitaxial
layers grown on (0001) sapphire substrates by metal–
organic chemical vapor deposition (MOCVD). The lay-
ers differed from each other in the growth conditions
for the buffer layer, the degree ∆ of mosaic-structure
order, the electron mobility µ and density n; they were
characterized by the following parameters.

Layer A-598 had a high degree of structural order
(∆ = 0.320). At room temperature, its electron density
and Hall mobility were n = Nd – Na ≈ 8 × 1016 cm–3 and
µ = 600 cm2 V–1 s–1, respectively. The layer thickness
was t = 4 µm.
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Layer B-1261 was characterized by ∆ = 0.350. Its
electron density and Hall mobility at room temperature
were n = Nd – Na ≈ 1018 cm–3 and µ = 200 cm2 V–1 s–1,
respectively. The layer thickness was t = 3 µm.

The degree of mosaic-structure order was deter-
mined by multifractal analysis: processing the data
obtained in the study of the layer surface using atomic-
force microscopy (as described in [7]).

Ohmic contacts shaped like parallel strips of length
W = 240 µm were formed on each layer. The distances
between the strips were 5 < L < 41 µm. The low-fre-
quency noise was measured in the linear mode (with a
low voltage applied to the samples under study) in the
frequency range 1–10 kHz using tungsten probes with
tips ~10 µm in diameter. A special procedure for “fit-
ting” the probe to the contact surfaces provided a low
transition resistance between the probe and the metal
contacts.

2. RESULTS AND DISCUSSION

Several tens of samples with different L were stud-
ied for both layers A and B. The I–V characteristics of
all the samples were linear in the current range studied
(~2 × 10–3–0.2 A). The measurements on samples with
different distances L made it possible to determine the
contact resistance and (independent of the Hall data)
the layer conductance σ. For example, Fig. 1 shows the
results of the corresponding measurements for wafer A.

The dependence R(L), extrapolated to L = 0, deter-
mines the double contact resistance 2Rc = 34 Ω. The
measured value of 2Rc corresponds to the contact resis-
tivity rc ≈ 4 Ω mm, which seems to be quite a reason-
able value for an electron density of n ≈ 8 × 1016 cm–3

and planar contacts. Similar measurements for wafer B
yield 2Rc = 8.4 Ω (rc ≈ 1 Ω mm). The smaller value of
rc can obviously be explained by the higher value of n
in wafer B (n ≈ 1018 cm–3) [12].

2Rc = 34 Ω
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Fig. 1. Dependence of the resistance of samples R on the
distance L between contacts (for plate A).
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As is well known, the averaged GaN conductivity σ
can be determined by the slope of the dependence R(L).
The value of σ determined from Fig. 1,

is σ = 11 Ω–1 cm–1, which is reasonably consistent with
the results of measurements before deposition of strip
contacts: σ0 ≈ 8 Ω–1 cm–1. For wafer B, similar measure-
ments yield σ ≈ 30 Ω–1 cm–1 (σ0 ≈ 32 Ω–1 cm–1).

The room-temperature noise in all the measured
samples was described by 1/fγ with γ close to unity
(flicker noise). The spectral density SI of the current
noise was proportional to the squared current in the
entire current range: SI ∝  I2. For example, Fig. 2 shows
the dependences SI(I) for several samples (wafer B),
measured at an analysis frequency of 6 Hz.

Generally, the noise characteristics of various
devices and materials are estimated by the dimension-
less Hooge parameter α [13]:

(1)

where f is the frequency of analysis and N is the total
number of carriers in a sample.

The parameter α is very sensitive to the structural
quality of a material (see, e.g., [14]). For Si films of
high structural quality, typical values of α are in the
range 10–4–10–5. For GaAs epitaxial films, typical val-
ues of α are 10–3–10–5. For GaN films of standard qual-
ity with concentration Nd – Na ≈ 1017 cm–3, the values of
α are generally much higher: 10–2–1 [14]. As was
shown in [15], the doping of GaN films with silicon to
Nd – Na ≈ 1018 cm–3 substantially decreases the value of
α (to 2 × 10–3). One would therefore expect the Hooge
parameter for film B (at the same structural disorder) to
be much lower than for film A.
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Fig. 2. Dependences of the noise spectral density SI on the
current I for several samples of wafer B. The analysis fre-
quency is f = 6 Hz. Solid lines correspond to the relation
SI ∝  I2.
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Figure 3 shows the values of α calculated using
expression (1) for a large number of samples prepared
from both films. It can be seen that the experimental
result completely contradicts the prediction based on
the assumption of identical structural quality of the
films. The result obtained seems to be even more con-
vincing since, according to estimations, the contact
noise (especially in the samples with a short distance L)
should contribute significantly to the total noise of the
structures (thus, the measured values of α represent an
“upper” estimate). Meanwhile, as mentioned above, the
resistance of contacts to the samples prepared on film A
is significantly higher than that of the samples on film
B. It should be concluded that the contribution of the
contact noise to the total noise is larger than that of
samples made on film B. Therefore, the difference
between the volume noise 1/f in samples of types A and
B is even larger than what follows from Fig. 3.

We note that even the “upper” estimate for the
Hooge parameter in samples prepared on plate A is a
record low value for thin epitaxial GaN films [14].
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Fig. 3. Hooge parameter α for samples prepared on films A
and B.
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