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Abstract

Evaluating the crystalline quality of metastable cubic GaN (c-GaN) thin
films requires reliable X-ray diffraction (XRD) linewidth analysis, which can
be affected by defect-induced broadening and background contributions. This
study systematically compares nonlinear fitting strategies for the c-GaN(200)
reflection of films grown on GaP substrates by metal-organic chemical vapor
deposition. Unconstrained pseudo-Voigt, fixed-mixing-parameter pseudo-Voigt,
baseline-subtracted pseudo-Voigt, and baseline-corrected nonlinear Gaussian fit-
ting were evaluated. Unconstrained pseudo-Voigt fitting artificially overestimated
Lorentzian broadening due to background sensitivity, resulting in physically
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inconsistent linewidths. In contrast, baseline-corrected nonlinear Gaussian fitting
provided the most stable and physically consistent full width at half maximum
evolution. Using this approach, a systematic linewidth reduction from S1 to S4
was observed, consistent with increased crystallite size and reduced defect den-
sity. These results demonstrate the importance of rigorous baseline correction
and profile selection for reliable structural analysis of semiconductor thin films.

Keywords: cubic GaN; X-ray diffraction; pseudo-Voigt fitting; linewidth analysis;
crystallite size; defect density.

1 Introduction

X-ray diffraction (XRD) peak-profile analysis is one of the most widely used methods
for evaluating the structural quality of crystalline thin films. Beyond the identification
of crystallographic phases, the position, shape, and width of diffraction peaks pro-
vide information related to lattice parameter variations, crystallite size, microstrain,
mosaicity, and defect-related broadening [1, 2]. However, the quantitative extrac-
tion of these parameters is strongly dependent on the peak-shape function, baseline
treatment, instrumental contribution, and fitting window used during the analysis.
Therefore, selecting an appropriate fitting methodology is a critical step when com-
paring the crystalline quality of samples obtained under different growth conditions.
This is particularly relevant for metastable polytypes such as cubic gallium nitride (c-
GaN), which crystallizes in the zincblende structure and is typically stabilized through
epitaxial growth on cubic substrates (e.g., GaAs or MgO) [3]. Due to its metastable
nature and lattice mismatch with the substrate, c-GaN films often exhibit complex
structural features, including wurtzite inclusions, high densities of stacking faults,
and microtwins [4]. Consequently, a rigorous XRD peak-profile analysis becomes an
essential tool not only for verifying phase purity and assessing lattice relaxation, but
also for quantifying the microstructural defects inherent to the cubic polytype, where
anisotropic peak broadening and specific peak asymmetries serve as direct signatures
of stacking faults and twin boundaries.

Several analytical functions have been employed to describe XRD peak profiles,
including Gaussian, Lorentzian, Voigt, and pseudo-Voigt functions. Gaussian profiles
are commonly associated with instrumental broadening and statistical distributions
of strain, whereas Lorentzian profiles are frequently related to size broadening and
defect-induced tails. Because real diffraction peaks usually contain contributions from
both Gaussian and Lorentzian broadening mechanisms, the pseudo-Voigt function,
defined as a linear combination of both components, has become one of the most
widely used approximations for XRD and neutron diffraction profile analysis. In par-
ticular, the Thompson–Cox–Hastings pseudo-Voigt formalism is commonly used in
Rietveld refinement and line-profile analysis because it provides a practical descrip-
tion of peak broadening while reducing the computational cost associated with the
full Voigt convolution [5–7].
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Despite its widespread use, pseudo-Voigt fitting may lead to ambiguous or physi-
cally unstable results when the baseline, asymmetric tails, overlapping contributions,
or low-intensity features are not properly constrained. In thin-film systems, these
effects become particularly relevant because diffraction peaks may be broadened by a
combination of finite crystallite size, residual strain, mosaic disorder, stacking faults,
dislocations, and phase coexistence. As a result, unconstrained fitting procedures may
yield excellent numerical fitting coefficients while still producing linewidths that are
not physically meaningful. This limitation has motivated the use of comparative fit-
ting strategies in which Gaussian, Lorentzian, pseudo-Voigt, and baseline-corrected
models are evaluated in parallel to identify the most reliable approach for extracting
full width at half maximum (FWHM), crystallite size, and defect-related parameters
[8, 9].

The interpretation of XRD linewidths is also closely related to classical size-
broadening models such as the Scherrer equation. Although the Scherrer method
remains widely used for estimating coherent crystallite size from diffraction peak
widths, its application requires careful consideration of instrumental broadening,
peak-shape assumptions, and the physical meaning of the extracted FWHM val-
ues [10–12]. Moreover, broadening contributions from microstrain and defects may
not be fully separable from size effects using a single-peak analysis. Consequently,
linewidth-based structural parameters should be interpreted as effective indicators of
crystalline coherence rather than absolute microstructural quantities unless supported
by complementary analyses.

In cubic GaN heteroepitaxy, reliable linewidth analysis is particularly important
because structural disorder, phase coexistence, and defect-induced broadening strongly
affect the interpretation of crystalline quality evolution. Since the c-GaN(200) reflec-
tion is commonly used as a structural quality indicator, inaccuracies in peak fitting
may lead to misleading estimations of crystallite size, strain, and defect density.
Therefore, establishing a physically consistent fitting methodology is essential for the
comparative evaluation of optimized growth routes in metastable cubic GaN systems
[13–15].

In this work, different nonlinear fitting strategies were systematically evaluated for
the c-GaN(200) XRD reflection of cubic GaN films grown on GaP substrates by metal-
organic chemical vapor deposition. The fitting procedures included unconstrained
pseudo-Voigt fitting, fixed-mixing-parameter pseudo-Voigt fitting, baseline-subtracted
pseudo-Voigt fitting, and nonlinear Gaussian fitting. The objective was to deter-
mine how the selected peak-shape model and baseline correction affect the extracted
FWHM, crystallite size, and estimated dislocation density. By comparing the results
obtained from different fitting approaches, this study identifies the most physically
consistent method for evaluating the evolution of crystalline quality in c-GaN films
and demonstrates the importance of model selection in XRD peak-profile analysis of
semiconductor thin films.
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Fig. 1: XRD patterns of samples S1–S4 corresponding to the different stages of
nitridation, buffer-layer deposition, and c-GaN epitaxial growth on GaP substrates.
The characteristic c-GaN(111), c-GaN(200), and c-GaN(400) reflections are observed
together with the GaP substrate peaks.

2 Sample Description and Characterization

2.1 Structural Characterization

The crystalline structure of the c-GaN layers grown on GaP substrates was investigated
by X-ray diffraction (XRD). Figure 1 presents the diffraction patterns acquired from
samples S1–S4, corresponding to the different stages of substrate nitridation, buffer-
layer deposition, and c-GaN epitaxial growth.

In addition to the characteristic reflections of the GaP substrate, diffraction peaks
associated with cubic GaN are observed near 2θ ≈ 37.5◦, 40◦, and 86◦, corresponding
to the c-GaN(111) or the hexagonal GaN (101), c-GaN(200), and c-GaN(400) planes,
respectively [16]. The presence of these reflections confirms the successful formation
of the cubic GaN phase on the nitridated GaP surface. [13]. Significant variations in
the intensity and full width at half maximum (FWHM) of the diffraction peaks were
observed among the samples. These differences indicate changes in crystalline quality,
crystallite size, and defect density, likely arising from the distinct growth sequences
used during material synthesis [15].
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(a) Direct growth.

S1 S2

S3 S4

(b) Buffer-assisted growth.

Fig. 2: AFM topography images of (a) S1, (b) S2, (c) S3, and (d) S4. The images
reveal the evolution of the surface morphology as a function of nitridation, buffer-layer
growth, and c-GaN epitaxial growth.

Particular attention was devoted to the c-GaN(200) reflection because of its
relatively high intensity and its isolation from neighboring substrate peaks. The pro-
gressive evolution of the peak shape and linewidth among the investigated samples
suggests significant differences in the structural quality of the deposited layers. There-
fore, the c-GaN(200) reflection was selected for the detailed peak-profile analysis
presented in the following sections.

2.2 Surface Morphology Characterization

The surface morphology of the investigated samples was evaluated by atomic force
microscopy (AFM). Representative AFM topography images are shown in Figure 2
for samples S1–S4.

Sample S1 exhibits an anisotropic surface texture, whereas samples incorporating
the low-temperature GaN buffer layer show a more homogeneous granular morphology
and improved surface organization. The nitridated reference sample (S1) is char-
acterized by elongated surface features and directional grain growth. Following the
introduction of the low-temperature GaN buffer layer (S2), the surface evolves toward a
finer granular morphology with improved lateral uniformity, although isolated depres-
sions remain visible. Sample S3, which underwent c-GaN epitaxial growth in the
absence of a low-temperature buffer layer, exhibits a high density of nucleation cen-
ters and a granular surface morphology associated with the coalescence of crystalline
islands [17, 18].

Among the investigated structures, sample S4, incorporating both nitridation and
the low-temperature GaN buffer layer prior to c-GaN growth, presents the most
homogeneous surface morphology. The surface is characterized by a compact grain
distribution and a reduction in large-scale surface irregularities, suggesting improved
lateral growth and enhanced surface organization [13].
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The observed morphological evolution is consistent with the structural trends
identified by XRD analysis. In particular, the improved surface uniformity observed
for sample S4 correlates with the narrowing of the c-GaN(200) diffraction peak dis-
cussed in the following sections, indicating enhanced crystalline ordering and a reduced
contribution of defect-related broadening mechanisms [19, 20].

3 Results and Discussion

3.1 Peak-Profile Analysis Methodology

Different fitting strategies were evaluated to determine the most appropriate approach
for comparing the crystalline quality evolution of the films.

3.1.1 Unconstrained Pseudo-Voigt Fitting (U-PV)

As an initial approach, the c-GaN(200) diffraction peak was analyzed using an uncon-
strained pseudo-Voigt profile combined with a linear background contribution. In this
methodology, the Gaussian and Lorentzian components were simultaneously optimized
through a free mixing parameter (η), allowing the fitting routine to adapt to the exper-
imental peak shape without additional physical constraints. The fitting procedure was
performed over a broad angular range in order to include the complete diffraction pro-
file and its surrounding background contribution. This initial analysis was employed
to evaluate the general peak-shape behavior and to identify possible broadening effects
associated with a slight asymmetry toward higher 2θ angles, background contributions,
and defect-related linewidth distortions [21, 22].

The initial proposed approach employed a standard pseudo-Voigt profile combined
with a linear background model as follows:

I(x) = IPV(x) +mx+ b (1)

where the pseudo-Voigt component is defined as:

IPV(x) = A [ηL(x) + (1− η)G(x)] (2)

with:

• A the peak amplitude,
• η the Lorentzian fraction,
• L(x) the Lorentzian contribution,
• G(x) the Gaussian contribution.

The Gaussian function is given by:

G(x) = exp

[

−
(x− x0)

2

2σ2

]

(3)

with:

σ =
FWHM

2
√
2 ln 2

(4)
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while the Lorentzian component is:

L(x) =
γ2

(x− x0)2 + γ2
(5)

where:

γ =
FWHM

2
(6)

3.1.2 Fixed-η Pseudo-Voigt Fitting (F-η-PV)

To reduce the excessive Lorentzian broadening observed in the unconstrained fit-
ting procedure, a second analysis was performed using a pseudo-Voigt profile with
a fixed mixing parameter [23]. In this approach, the Lorentzian-to-Gaussian contri-
bution ratio was constrained by fixing η = 0.5, thereby preventing artificial profile
distortions caused by unconstrained optimization of the peak shape. The selected η
value corresponds approximately to the average obtained from the unconstrained fit-
ting procedure. The value η = 0.5 was selected as a compromise between the Gaussian
and Lorentzian contributions and was found to provide stable fitting results across all
samples.

Additionally, the fitting window was reduced in order to minimize the influence
of low-intensity background contributions and asymmetric peak tails. This recali-
brated fitting strategy was implemented to obtain more physically consistent linewidth
estimations suitable for comparative structural analysis among the different c-GaN
samples. While the unconstrained fitting provides information on peak-shape evolu-
tion, the fixed-η approach facilitates a more reliable comparison of linewidth variations
among samples.

3.1.3 Baseline-Corrected Pseudo-Voigt Fitting (BC-PV)

A further refinement of the linewidth analysis was implemented by introducing a local
baseline subtraction procedure prior to the pseudo-Voigt fitting. In this methodology,
the background contribution was estimated from the edges of the fitting window and
subsequently removed from the experimental diffraction profile before peak fitting [23].
This approach minimizes artificial broadening associated with asymmetric background
contributions and improves the physical consistency of the extracted linewidths. A
linear baseline was determined from the average intensity values at both edges of
the fitting interval. After baseline correction, the diffraction peak was fitted using a
pseudo-Voigt profile with a predominantly Gaussian contribution obtained by fixing
the mixing parameter to η = 0.3 while retaining a moderate Lorentzian contribution
associated with structural defects such as dislocations, stacking faults, and local lattice
distortions [24]. The η value provided the lowest fitting residuals while maintaining
physically realistic linewidth values. The fitting range was further restricted to the
central portion of the diffraction peak to minimize the influence of low-intensity tails
and enhance the robustness of the linewidth determination.

In this approach, the background contribution was estimated from the edges of the
fitting window and removed before fitting:
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Isub(x) = I(x)− Ibaseline(x) (7)

where the local linear baseline is:

Ibaseline(x) = mx+ b (8)

This procedure minimizes:

• asymmetric tail contributions,
• baseline-induced broadening,
• background distortions.

3.1.4 Nonlinear Gaussian Fitting (BC-Gauss)

Based on the comparative analysis of the different fitting methodologies, a nonlinear
Gaussian fitting procedure combined with local baseline subtraction was selected as the
most stable approach for extracting comparative linewidth parameters. In this method-
ology, the experimental background was first estimated through a local linear baseline
and subsequently removed from the diffraction profile. The corrected peak was then
fitted using a Gaussian function in order to obtain reliable estimations of the full width
at half maximum (FWHM) for comparative structural analysis. This method yielded
the lowest fitting residuals and the smallest sample-to-sample linewidth uncertainty
among the analyzed samples and minimized artificial broadening effects associated
with background distortions and unconstrained Lorentzian contributions as discussed
in the next section.

First, a linear baseline was estimated from the edges of the fitting window and
subtracted from the experimental XRD intensity:

Isub(2θ) = Iexp(2θ)− Ibaseline(2θ), (9)

where the local baseline was described as

Ibaseline(2θ) = m(2θ) + b. (10)

The baseline-corrected diffraction peak was then fitted using a Gaussian function:

IG(2θ) = A exp

[

−
(2θ − 2θ0)

2

2σ2

]

, (11)

where A is the peak amplitude, 2θ0 is the peak center, and σ is the standard
deviation of the Gaussian profile. The full width at half maximum was obtained from:

FWHM = 2
√
2 ln 2σ. (12)

3.2 Comparative Structural Linewidth Analysis

The different peak-profile fitting methodologies produced markedly different linewidth
estimations for the c-GaN(200) diffraction reflection, highlighting the strong influence
of profile-shape selection, fitting constraints, and baseline treatment on the extracted
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Fig. 3: Comparison between experimental XRD profiles and the fitted peak shapes
obtained using the different fitting methodologies for samples S1 and S4. The figure
illustrates the influence of profile-shape selection and baseline treatment on the rep-
resentation of the c-GaN(200) diffraction peak.

structural parameters. Although all fitting approaches provided satisfactory numer-
ical agreement with the experimental diffraction profiles, significant differences were
observed in the resulting full width at half maximum (FWHM), crystallite size, and
defect-density estimations [25].

Figure 3 compares the experimental diffraction profiles and the fitted curves
obtained using the four analyzed methodologies for samples S1 and S4. The uncon-
strained pseudo-Voigt fitting exhibited an excellent agreement with the experimental
data; however, the fitting procedure systematically converged toward a purely
Lorentzian profile (η ≈ 1). This behavior suggests a strong sensitivity of the fit-
ting routine to asymmetric peak tails and residual background contributions, which
can artificially broaden the extracted linewidth. The introduction of profile-shape
constraints and baseline subtraction progressively reduced this effect, yielding more
physically realistic peak shapes and linewidth estimations. The resulting linewidth
values exhibited a monotonic decrease from S1 to S4. This trend is consistent with
reduced structural disorder, lower defect-related broadening, and enhanced crystal
coherence associated with the optimized growth conditions.

The evolution of the extracted FWHM values obtained from the different fitting
methodologies is presented in Figure 4. The unconstrained pseudo-Voigt fitting yielded
the largest FWHM values for all samples, ranging from approximately 1.57◦ for S1 to
1.21◦ for S4. This behavior is consistent with the predominance of the Lorentzian com-
ponent observed during the fitting process, which tends to overemphasize peak tails
and can lead to artificially enlarged linewidth estimations. Constraining the pseudo-
Voigt mixing parameter to η = 0.5 reduced the extracted FWHM values; however, a
slight non-monotonic variation between samples S1 and S2 remained apparent. The
relationship between the extracted linewidths and the goodness-of-fit coefficients is fur-
ther illustrated in Figure 4. While the unconstrained pseudo-Voigt fitting consistently
achieved the highest R2 values, it also generated the largest linewidth estimations due
to the excessive Lorentzian contribution. Conversely, the baseline-corrected Gaussian
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Fig. 4: Comparison of the extracted FWHM values and goodness-of-fit coefficients
(R2) obtained from the different peak-profile fitting methodologies. Although the
unconstrained pseudo-Voigt fitting yields the highest R2 values, it simultaneously pro-
duces the largest linewidth estimations due to excessive Lorentzian broadening.

fitting produced slightly lower R2 values but significantly improved consistency in the
evolution of FWHM, crystallite size, and defect density. The systematic reduction in
linewidth obtained using the Gaussian-baseline methodology suggests a progressive
improvement in crystalline quality from S1 to S4. This behavior is consistent with
reduced defect-related broadening, increased crystalline coherence, and the beneficial
effect of the low-temperature GaN buffer layer on the structural quality of cubic GaN
films.

A substantial reduction in linewidth was obtained after implementing local baseline
subtraction. Both the baseline-corrected pseudo-Voigt and Gaussian fitting approaches
produced a systematic decrease in FWHM from S1 to S4, indicating a progressive
improvement in crystalline coherence. These results demonstrate that appropriate
background treatment plays a critical role in obtaining physically meaningful linewidth
estimations from X-ray diffraction data.

The Gaussian fitting methodology exhibited the most stable linewidth evolution
among the analyzed strategies, providing a physically consistent trend that closely
follows the expected improvement in crystal quality associated with the introduction
of the low-temperature GaN buffer layer [26]. Table 1 summarizes the peak-position,
linewidth, profile-shape, and goodness-of-fit parameters extracted from the different
fitting methodologies.

The structural implications of the extracted linewidth evolution are summarized
in Figure 5 and Figure 6. Using the baseline-corrected Gaussian fitting results, the
normalized evolution of FWHM, crystallite size, and threading dislocation density
reveals a clear correlation between linewidth narrowing and structural improvement.
As the FWHM decreases from sample S1 to S4, the estimated crystallite size increases
while the calculated threading dislocation density decreases [27].
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Table 1: Comparison of FWHM and goodness-of-fit values obtained from
the different fitting strategies for the c-GaN(200) reflection.

Fitting strategy Sample 2θ (deg) FWHM (deg) η R2

Unconstrained PV S1 40.162 1.572 1.0 0.9967
Unconstrained PV S2 40.082 1.613 1.0 0.9983
Unconstrained PV S3 40.102 1.462 1.0 0.9947
Unconstrained PV S4 40.110 1.209 1.0 0.9991
Fixed-η PV S1 40.165 1.333 0.5 0.9955
Fixed-η PV S2 40.091 1.359 0.5 0.9980
Fixed-η PV S3 40.103 1.211 0.5 0.9929
Fixed-η PV S4 40.111 1.043 0.5 0.9989
Baseline-corrected PV S1 40.111 0.774 0.3 0.9377
Baseline-corrected PV S2 40.064 0.769 0.3 0.9370
Baseline-corrected PV S3 40.081 0.740 0.3 0.9361
Baseline-corrected PV S4 40.091 0.709 0.3 0.9572
Baseline-corrected Gaussian S1 40.110 0.849 – 0.9683
Baseline-corrected Gaussian S2 40.066 0.840 – 0.9705
Baseline-corrected Gaussian S3 40.077 0.813 – 0.9670
Baseline-corrected Gaussian S4 40.089 0.782 – 0.9845
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Fig. 5: Normalized evolution of FWHM, crystallite size, and threading dislocation
density obtained from the baseline-corrected Gaussian fitting methodology. The figure
highlights the correlation between linewidth reduction, enhanced crystalline coherence,
and defect-density suppression from samples S1 to S4.

Table 2: Structural parameters extracted from the baseline-corrected Gaus-
sian fitting of the c-GaN(200) reflection.

Sample 2θ (deg) FWHM (deg) D (nm) δScherrer (cm−2) δFrentrup (cm−2)
S1 40.110 0.849 9.96 1.01× 1012 4.96× 1010

S2 40.066 0.840 10.07 9.87× 1011 4.86× 1010

S3 40.077 0.813 10.40 9.24× 1011 4.55× 1010

S4 40.089 0.782 10.82 8.54× 1011 4.21× 1010
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Fig. 6: Evolution of (a) crystallite size (13) and (b) threading dislocation den-
sity (15) calculated from the baseline-corrected pseudo-Voigt and Gaussian fitting
approaches. Both methodologies reveal progressive structural improvement across the
sample series. However, a BC-PV fitting strategy could lead to an overestimation of
the crystallite size and, hence, a lower estimated threading dislocation density.

The apparent crystallite size (D) values were extracted by using the Scherrer
equation (13) and the threading dislocation density δScherrer and δFrentrup were esti-
mated from the Scherrer relation (14) and the random-distribution mosaic model (15)
reported in [28], respectively.

D =
Kλ

β cos θ
(13)

where:

• K = 0.9 is the Scherrer constant,
• λ = 0.15406 nm is the Cu Kα wavelength,
• β is the FWHM in radians,
• θ is the Bragg angle.

δScherrer =
1

D2
(14)

δFrentrup =
β2

4.35b2
, (15)

where b = azb/
√
2 is the Burgers vector of zincblende GaN and β is the fit-

ted linewidth expressed in radians. Although this model is commonly applied to
tilt/twist broadening extracted from rocking-curve measurements, it is employed here
as a comparative estimate based on the c-GaN(200) linewidth evolution. Therefore,
δFrentrup should be interpreted only as a comparative indicator rather than an absolute
threading dislocation density.

The quantitative values extracted are summarized in Table 2. The crystallite size
increased systematically across the sample series, whereas the estimated threading
dislocation density exhibited a corresponding reduction. This behavior suggests a pro-
gressive enhancement of crystalline coherence [29] and a reduction in defect-related
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Fig. 7: Residual analysis of the different peak-profile fitting methodologies. Panels
(a) and (b) show the normalized residual profiles for samples S1 and S4, respectively,
through the corresponding three-dimensional residual histograms, illustrating the sta-
tistical distribution of fitting errors for each fitting strategy.

broadening mechanisms [19], supporting the effectiveness of the low-temperature buffer
layer in improving the structural quality of the c-GaN epilayers [30]. The crystallite
sizes derived from the Scherrer equation should be interpreted as coherence lengths,
since residual contributions from strain and instrumental broadening may still be
present.

Because the present study focuses on the comparative evolution of the c-GaN(200)
linewidth among samples measured under identical experimental conditions, the
extracted crystallite sizes should be regarded as relative indicators of crystalline coher-
ence. Therefore, the observed trends are more significant than the absolute values
obtained from the Scherrer equation.

Additional insight into the fitting performance is provided by the residual analy-
sis shown in Figure 7. The residual profiles and three-dimensional residual histograms
reveal that the unconstrained pseudo-Voigt fitting produced the narrowest resid-
ual distributions and the highest coefficients of determination (R2). Nevertheless,
this apparent numerical superiority did not translate into physically meaningful
linewidth evolution. In contrast, the baseline-corrected fitting approaches yielded
slightly broader residual distributions while simultaneously producing more realistic
linewidth values and more consistent structural parameter trends.

This observation highlights an important aspect of XRD peak-profile analysis: the
fitting methodology that minimizes statistical error does not necessarily provide the
most physically representative description of the diffraction broadening mechanisms
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[31]. Consequently, the selection of an appropriate profile shape and baseline treatment
becomes essential for reliable comparative structural analysis of c-GaN thin films [28].

These results demonstrate that maximizing the numerical goodness-of-fit alone
is insufficient for reliable structural characterization. Instead, physically meaningful
linewidth evolution should be considered together with conventional fitting metrics
when evaluating peak-profile fitting methodologies.

Overall, the comparative analysis demonstrates that baseline treatment exerts a
greater influence on linewidth reliability than the specific analytical form of the peak
profile. The baseline-corrected Gaussian fitting approach provided the most physi-
cally consistent description of the c-GaN(200) diffraction peak, yielding a monotonic
linewidth reduction, realistic crystallite-size evolution, and defect-density trends that
agree with the expected structural improvement induced by buffer-assisted growth
optimization. Therefore, this methodology was selected as the most suitable approach
for comparative linewidth analysis of the investigated c-GaN thin films.

4 Conclusions

The detailed recalibration analysis of the c-GaN(200) diffraction peak demonstrates
that the extracted linewidth parameters are highly sensitive to the selected fitting
strategy, baseline treatment, and peak-profile assumptions. Although all evaluated
fitting approaches reproduced the experimental diffraction data with comparable sta-
tistical quality, significant variations were observed in the resulting FWHM values and,
consequently, in the derived microstructural parameters. In particular, unconstrained
pseudo-Voigt fitting systematically converged toward an almost purely Lorentzian
profile, revealing a pronounced sensitivity to asymmetric peak tails and residual back-
ground contributions. The implementation of profile-shape constraints together with
local baseline correction progressively mitigated these effects and produced more
physically meaningful linewidth estimations.

Among the evaluated approaches, nonlinear Gaussian fitting combined with local
baseline subtraction provided the most stable and physically consistent evolution of
the c-GaN(200) linewidths across the sample series. This methodology revealed a sys-
tematic decrease in FWHM from S1 to S4, accompanied by an increase in the apparent
crystallite size and a corresponding reduction in the estimated threading dislocation
density. Although the absolute values of these parameters depend on the adopted
broadening model, the relative trends remained consistent across all recalibration
strategies.

The convergence of independent fitting methodologies toward the same overall
trend provides strong evidence that the structural improvement observed for sample S4
is intrinsic and not an artifact of the fitting procedure. Moreover, the excellent agree-
ment between XRD linewidth analysis and AFM characterization further supports
the conclusion that the incorporation of a low-temperature GaN buffer layer pro-
motes enhanced crystalline quality, improved cubic-phase stabilization, and reduced
defect-related broadening mechanisms.

Beyond the specific case of cubic GaN heteroepitaxy, this study highlights the lim-
itations of relying exclusively on conventional goodness-of-fit metrics for diffraction
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peak analysis. Reliable structural characterization requires the simultaneous consider-
ation of physically meaningful linewidth evolution, appropriate background treatment,
and consistency with complementary characterization techniques. The methodology
established here provides a robust framework for comparative XRD linewidth analysis
of semiconductor thin films and offers additional evidence of the structural benefits
associated with buffer-assisted growth optimization.

Acknowledgments

The authors acknowledge D. Ramirez for technical assistance during the synthesis of
the structures, A. Tavira for support with X-ray diffraction measurements, and M.
Avendaño for AFM measurements.

Funding:

This work was supported by SECIHTI and CINVESTAV through institutional
research facilities and infrastructure support.

CRediT

Y. Hernández Barrios: Conceptualization, methodology, Formal analysis, Writ-
ing - Original Draft, Writing - Review and Editing. J.A.Santis: Validation, Formal
analysis, Resources, Supervision, Project administration, review and editing. B.
Moreno-Juan: Data Curation, review and editing, Visualization. J.G. Sánchez
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