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Vacuum ultraviolet dielectric function of cubic InGaN for the entire composition range

Elias Baron®” and Riidiger Goldhahn
Institut fiir Physik, Otto-von-Guericke-Universitit Magdeburg, Universitdtsplatz 2, 39106 Magdeburg, Germany

Mario E. Zscherp®, Silas A. Jentsch®, Sangam Chatterjee ®, and Jorg Schérmann
Institute of Experimental Physics I and Center for Materials Research,
Justus Liebig University Giessen, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany

Natalia Nepomniashchaia® and Alexandr Dejneka
Department of Optical and Biophysical Systems,
Institute of Physics of the Czech Academy of Sciences, Na Slovance 2, Prague 18221, Czech Republic

Martin Feneberg
Institut fiir Physik, Otto-von-Guericke-Universitit Magdeburg, Universitdtsplatz 2, 39106 Magdeburg, Germany

® (Received 19 March 2026; accepted 19 August 2026; published 14 September 2026)

The cubic zincblende polymorph of InGaN is a very promising candidate for optical applications. Its absence
of spontaneous polarization fields in the (001) orientation and lower fundamental band gap compared to its
wurtzite counterpart makes it especially interesting for efficient light-emitting diodes (LEDs) and micro-LEDs.
Therefore, understanding the optical properties and band structure of this material plays a key role in the
development of possible future applications. For this, the current study presents the optical properties in the
form of the dielectric function of thin film In,Ga;_,N for entire composition range (0 < x < 1). The investigated
spectral regions range from the near-infrared (0.5 eV) to the vacuum ultraviolet (8.8 eV). We focus on the spectral
ranges above 4 eV to study the redshift of the higher energy transition (E; at the L-point of the band structure and
E, at the X -point) as the In composition changes from GaN to InN. The characteristic energy of these transitions
at critical points in the band structure are determined by a critical point model based on the third derivative of
the dielectric function. Bowing fits of the E; and E, transitions yield bowing parameters of b; = 1.01eV and
by = 0.50eV. Furthermore, we determined the dielectric limit as e, = &,(E — 0), yielding a bowing parameter

of by = 1.58.

DOI: 10.1103/d9pn-bys3

I. INTRODUCTION

The well-known and well-established group-III nitrides,
used in optoelectronics [1-4] and power devices [5-8], nor-
mally crystallize in the hexagonal wurtzite phase. However,
they also possess a metastable [9] cubic zincblende phase,
which can be achieved under special growth conditions [10].
These cubic polymorphs of gallium nitride (c-GaN), indium
nitride (c-InN), and aluminium nitride (c-AIN), as well as
their alloys, are promising candidates for certain applications
like quantum devices [11-13]. They may also outperform or
replace their wurtzite counterparts in special cases [14—17].
Most notably for this is the possibility of cubic nitrides
in light-emitting diodes (LEDs) based on quantum wells
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[18-23]. Here, the absence of internal polarization fields of
cubic nitrides in (001) orientation [18,24] improves efficiency
by preventing losses due to quantum-confined Stark effect,
which occur in the wurtzite phase [25-28]. Furthermore, espe-
cially considering LEDs based on InGaN for light emissions
in the red to green spectral ranges, the lower fundamental
band gaps of cubic nitrides means less indium incorporation
to achieve the target wavelength.

The cubic AlGaN system (including the binary com-
pounds) has been studied earlier, both experimentally and
theoretically, for the entire aluminium composition range
[29-34]. For a long time, cubic In,Ga;_,N (c-InGaN) of good
crystal quality was limited to In contents x below 0.3 due
to such problems as different lattice constants and growth
temperatures or decomposition. However, recent progresses
in growth and control, like sophisticated strain management,
allowed for growth of phase-pure material over the entire
indium composition range [35]. Further improvements on
crystal quality and emission efficiency generates more interest
in these systems [22,36-38].

The comprehension of optical properties over a wide spec-
tral range is not only significant for optical applications, but

Published by the American Physical Society
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also for understanding the electronic band structure. Compar-
ing experimental results with band structure calculations is a
vital part in this. While synchrotron based experiments or sim-
ilar setups determine the optical properties up to 20 [30,31,39]
or even 40 eV [40], even measurements in the vacuum ul-
traviolet (VUV) can provide valuable insights [29,41,42],
especially for lower band gap materials. This was performed
earlier for wurtzite InGaN [43], which gives a nice compari-
son for the current work. Based on band structure calculations
[44,45] for the binary endpoints c-GaN and c-InN, both mate-
rials display optical transitions in the VUV spectral range: the
E; transition at the L-point and the E; transition at the X -point
of the Brillouin zone.

Recently, we published a study [46] investigating and ana-
lyzing the absorption edge shift due to indium alloying from
c-GaN (E§™ = 3.23eV [31,33]) to c-InN (EPN = 0.60eV
[46-48]). There, we additionally accounted for free-carrier
contributions and strain effects on the band gap. This leads to
the conclusion of a band gap bowing with a bowing parameter
of bg = 1.61eV [46]:

EZGN(x) = xEPN + (1 — 0)ES™ 4+ x(x — Dbg. (1)

This equation will also be used in this study to determine
the dependence of higher energy transitions as well as the
dielectric limit on the In content, by replacing Eg by E;, E,,
and &4, respectively.

In the current study, we explore the higher energy tran-
sitions of thin film c-In,Ga;_,N by means of spectroscopic
ellipsometry for 0 < x < 1. For this, we determine the com-
plex dielectric function (DF) ¢ = ¢; +ie; from the near
infrared (NIR) to the VUV with a focus on photon energies
above 4 eV. The characteristic energies of optical transitions
at critical points (CP) of the band structure are obtained by
utilizing a CP model. Furthermore, we perform bowing fits on
two of the three observed transition energies. Additionally, the
dielectric limit is investigated as well and also described by a
bowing fit.

II. EXPERIMENTAL

In this study, we investigate thin-film c-InGaN samples
deposited by plasma-assisted molecular beam epitaxy on a
3C-SiC/Si (100) substrate [35,46]. For better crystal quality, c-
GalN/c-AlIN buffer layers were deposited before the c-InGaN
layer [49]. The sample structure is shown in Fig. 1. Different
samples contain varying In content x as well as different c-
InGaN layer thicknesses. While the In content was determined
by high-resolution x-ray diffraction (HRXRD), the c-InGaN
layer thickness was determined by spectroscopic ellipsometry.
Detailed sample parameters can be found in our previous
studies [35,46]. However, a brief summary of selected param-
eters is given in Table I. For easier comparability, we have
chosen the same sample names as in our previous study [46].
Unfortunately, we were unable to properly analyze samples B
and D from that study. Therefore, they are not included here.

We employed two different ellipsometers with overlapping
spectral ranges for the optical characterization from the NIR
to the VUV. A Woollam VASE obtained the optical data from
0.5 to 6.5 eV, while a Woollam VUV-VASE (spectral range:
0.8—8.8eV) was used for the extension up to 8.8 eV. All

c-InGaN (70-444 nm)

c-GaN (~600 nm)

3C-SiC (~10 um)

Si (~500 pum)

FIG. 1. Principle sample structure of the investigated samples.
Sample A (see Table I) does not contain the top-most c-InGaN layer.
All layers possess the (001) orientation.

measurements were performed at room temperature for three
different angles of incidence: 50°, 60°, and 70°.

Our analysis starts by fitting a layer model, based on
the sample structure given in Fig. 1, onto the ellipsometric
angles W and A. This layer model also includes a surface
roughness layer at the top by means of effective medium
approximation (EMA) using Bruggeman’s formalism [50].
For this, we assumed a percentage of voids in a layer of
c-InGaN. Both the thickness of this surface roughness layer
and the void percentage were fitting parameters. (A compari-
son between surface roughnesses determined by ellipsometry
and atomic force microscopy can be found in Sec. S1 in the
Supplemental Material [S1].) Within the layer structure, we
use model-DFs containing modified versions of the general
Herzinger-Johs parametrized semiconductor oscillator func-
tions (PSEMI) [52,53] based on our previous results on the

TABLE 1. Selected sample properties: In content x determined
by HRXRD, thickness of the c-InGaN layer (dsg), thickness of the
surface roughness layer (dyouen), percentage of void in the surface
roughness (EMA), optical free-carrier concentration (7qy), optical
transition energy (Ecy) determined by spectroscopic ellipsometry,
and calculated fundamental band gap (Eg). All values (except drough
and EMA) as well as the sample names are taken from our previous
study [46].

dSE drough EMA Nopt ECV EG
Sample x (m) (mm) (%) (10°cm™3) (eV) (eV)
A (c-GaN) 0.00 557 2 50 323 3.23
C 0.11 81 4 76 1.06 2.85 2.79
E 0.16 361 13 63 2.49 271 2.60
F 023 94 4 78 2.21 247 233
G 0.28 444 14 82 2.51 2.34 2.19
H 0.32 80 6 65 2.10 2.16 2.00
1 045 70 8 77 2.11 1.84 1.67
J 0.55 102 13 77 2.09 1.53 1.35
K 0.67 104 9 86 1.68 1.33 1.15
L 0.88 106 6 73 2.05 1.07 0.78
M (c-InN) 1.00 98 10 85 2.43 1.01 0.60
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FIG. 2. Measurement data for three different angles of incidence
(continuous curves, black 50°, blue 60°, and green 70°) and point-
by-point fit (pbp-fit, red dotted) for sample F. The high frequency
Fabry-Pérot oscillations below 3.2 eV (absorption edge of c-GaN)
overlap between each curve.

optical properties of c-InN [48], c-GaN [31,33], and c-AIN
[30], as well as c-InGaN [46]. The optical properties of the
substrate can be found elsewhere [54-57]. This initial fit,
based on a least mean square algorithm, provides information
about thicknesses and surface roughness contributions, the lat-
ter of which are given in Table I. However, we did not obtain
any parameters of the DF from this fit. After a good agreement
between layer model and measurement data was achieved, we
proceeded with a point-by-point (pbp) fit, which changes the
optical constants of the model c-InGaN layer wavelength by
wavelength to fit the optical data. From this, we obtained the
pbp-DF. The line shape of this pbp-DF is then described by
a model-DF containing different PSEMIs. Which PSEMI is
used for what transition in the pbp-DF will be discussed in
the next section. The material parameters obtained by this
PSEMI-based model-DF could be used, however, we apply
a more accurate CP model on the pbp-DFs to get a more ac-
curate determination of the CP energies. For this, we calculate
the third derivative of the pbp-DF multiplied by E2 and fit the
following model onto it [58—60]:

d? Cie'®
L B =S"—2 2
aps E®) XJ: (E—E; +il;)° @

Here, j is the number of CPs used in the fit, while C;, ®;,
E;, and I'; resemble the amplitude, phase, energy position,
and broadening of the jth CP, respectively. We assume the
higher energy transitions investigated in this study to be M1-
CPs with a dimensionality of 2, which leads to the exponent
3 on the right side of Eq. (2) [60]. Although we use the third
derivative in this study to obtain the energy positions, we also
tried the analysis with the second derivative (see S6 in the
Supplemental Material [51]). Here, we obtained similar val-
ues. However, using the third derivative led to more systematic
results overall.

III. RESULTS

We begin by examining the combined experimental data of
both ellipsometers for a selected sample. For this, we decided
to display W and A for the three angles of incidence as well
as the pbp-fit for sample F in Fig. 2. Here, the spectrum is

......... pbp_DF
—— model-DF
[ ——- PSEMI

o
T
1
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FIG. 3. Point-by-point dielectric function (pbp-DF, blue dotted)
and model dielectric function (model-DF, red continuous) fitted onto
the pbp-data for sample F. The model-DF consists of four PSEMI
oscillators (only shown for the imaginary part, dashed curves, black
for PSEMI-MO; and pink, green, and cerulean for PSEMI-M1), rep-
resenting the optical transitions at critical points of the band structure
as well as a higher energy contribution.

dominated by strong Fabry-Pérot oscillations below 3.2 eV,
which vanish at the band gap of c-GaN. These oscillations,
due to thin film interference of mainly the 3C-SiC and c-GaN
layers, can have strong impacts on the pbp-fit if not properly
accounted for in the layer model. This is especially prob-
lematic for samples with high In content and a thin c-InGaN
layer (dsg < 100 nm). In this case, the fundamental band gap
of c-InGaN is even below the indirect band gap of 3C-SiC
(2.4 eV) and the low c-InGaN layer thickness enables much of
the incoming light to reach the lower layers. This partial trans-
mission can increase parameter correlation between thickness
and the retrieved DF, which can locally reduce the robustness
of the fit below 3.2 eV. All of this makes the analysis of the
absorption edge region much more difficult. However, since
we already discussed this in our previous study [46], we will
mainly focus on the higher energy transitions (above 4 eV)
where the absorption of the c-InGaN layer is strong enough to
prevent signals from lower layers and the DF becomes much
less sensitive to interference effects. In this spectral region, the
pbp-fit yields a great agreement with the experimental data,
except for a slight mismatch around 8 eV in W for 50° and
70°. Nevertheless, a mean squared error (MSE) of 3.861 was
achieved. No smoothing procedures were performed to either
the experimental data or the pbp-fit results in any analysis.
(The pbp-fit for all samples can be found in Secs. S2-S4 in
the Supplemental Material [51].)

The resulting pbp-DF was extracted and displayed in
Fig. 3. Here, the fit by a model-DF based on PSEMIs is
shown as well. For this, we chose four PSEMI oscillators: one
PSEMI-MO for the absorption edge at ~2.4eV, two PSEMI-
M1 for the following transitions at ~6.6eV and ~7.3 eV, as
well as one additional PSEMI-M1 for even higher contribu-
tions, outside of the spectral range. The pbp-DF contains some
noise below 3.2 eV due to the aforementioned Fabry-Pérot
oscillations. Nevertheless, a great agreement between pbp-
and model-DF was achieved for both real and imaginary part,
with a MSE of 0.101.

The same procedure was performed for all samples. How-
ever, an additional PSEMI-M1 oscillator was used for an

094606-3



ELIAS BARON et al. PHYSICAL REVIEW MATERIALS 10, 094606 (2026)
__ | I ] 'E'2' LI | T T T | T T T | T T T | T T 1 T T T )
5 ~
] x= | °°h
AP J o000 [ =
© 1011 | 8
© Jo16 [ >
a ] [
— BF 023 [ ®
St 028 | =}
o ok Jo32 [ o ©
4 ] 045 i £
1 055
1 0.67 5
i 1 0.88
oot 71 100 S I ® This work )
2 4 6 8 2 4 6 8 2F o Ref. [47] o .
Photon energy (V) Photon energy (eV - @ Ref[31] y
gy (eV) gy (eV) i bowing fit (b, = 1.58) ]
FIG. 4. Model dielectric functions (model-DF) for all samples O Ref. [46] (from infrared) 4
from c-GaN (red, at the top) to c-InN (blue, at the bottom). These fo S S [NV [N S S S N T—re |
model-DFs consist, for c-GaN-like samples, of four PSEMI oscilla- 0.0 0.2 0.4 0.6 0.8 1.0
tors (Eg, E;, E>, and higher contributions outside the spectral range) In Content, X

like shown in Fig. 3. For c-InN-like samples, five PSEMI oscillators
were used, due to an additional optical transition (E;) signal around
7.6 eV. Between each curve is a vertical shift of 2. The In content x
is given at the center in the appropriate color. The pbp-DFs are not
shown for better visibility.

emerging third transition around 7.6 eV for samples with an
In content above 0.23. The results of the fitted model-DFs are
shown in Fig. 4 for all samples. For some samples, depending
on the c-InGaN-layer thickness, the pbp-DFs is very noisy
around the absorption edge (see our previous publication [46])
due to the Fabry-Pérot oscillations. Therefore, we decided to
not display the pbp-DFs for better visibility of the overall
change of the DF with In content. However, the agreement
between model-DF and pbp-DF above 3.2 eV is of the same
quality as shown in Fig. 3 for each sample. (The fit of the
model-DF onto the pbp-data for all samples can be found in
Sec. S5 in the Supplemental Material [51].) The line-shape
differences for x = 0.16, 0.28, and 0.45 could result from
the small deviations in the pbp-fit for energies greater than

FIG. 5. Dielectric limits for all samples as well as the corre-
sponding bowing fit. Samples E (x = 0.16) and G (x = 0.28) are
excluded from the bowing fit, due to the large difference compared
to the trend of the other samples. The dielectric limits are determined
as the extrapolation of the PSEMI models in Fig. 4 for ¢; — 0.

7 eV. Furthermore, the line-shapes display slightly different
behaviors than theoretical predictions on the DF of c-InGaN,
although the dominant E, is represented well [61]. The spec-
tral absorption coefficients calculated by these DFs yield a
characteristic absorption depth of less than 60 nm for all
c-InGaN samples above 4 eV, meaning that for these spectral
ranges we mainly penetrate the c-InGaN layer only.

We extrapolated the model-DF for each sample to obtain
the dielectric limit 5, = £;(E — 0). This means that no sin-
gle PSEMI parameter is used to determine £. The results
are displayed in Fig. 5 as well as Table II. The given error
bars are taken from the fitting errors of the model-DF fit on
the pbp-data. A bowing fit between the values for c-GaN and

TABLE II. Results from the PSEMI- and CP-model analysis for each sample: dielectric limit €., and energy values for the higher energy

transitions (E; at the L-point of the band structure, E, at the X-point and E;). The values marked with * are not included in the respective

bowing fits.

Sample X £ Ei((L) (eV) E>(X) (eV) E; (eV)
A 0.00 5.40 + 0.02 7.45 £+ 0.01 7.68 + 0.01

C 0.11 5.56 £ 0.25 7.21 £ 0.06 7.57 £ 0.01

E 0.16 4.52% £ 1.54 7.05 £ 0.09 7.38 £ 0.01

F 0.23 5.66 + 0.28 6.90 £+ 0.01 7.37 £ 0.01 7.83 + 0.03
G 0.28 5.24* + 0.22 6.60 + 0.04 7.57* £ 0.10 7.76 + 0.01
H 0.32 5.78 + 0.26 6.61 + 0.04 7.26 + 0.06 7.77 £+ 0.03
I 0.45 6.18 + 1.33 5.68 + 0.18 6.64 + 0.03 7.28 + 0.26
J 0.55 6.46 + 0.78 6.08 + 0.05 6.68 + 0.05 7.74 £ 0.01
K 0.67 6.91 £ 0.56 5.48 £ 0.08 6.62 £ 0.03 7.76 + 0.01
L 0.88 7.34 £ 0.31 5.11 £ 0.04 6.27 + 0.01 7.77 + 0.01
M 1.00 7.97 £ 0.59 5.04 £ 0.04 6.19 £+ 0.01 7.76 + 0.01
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FIG. 6. Third derivative of the point-by-point dielectric functions
multiplied by E? (dotted curves) for all samples as well as the cor-
responding critical point model fits (continuous curves). Each curve
was normalized to its maximum and vertically shifted by 2 compared
to the previous curve. The In content x is given at the center in
the appropriate color. Arrows indicate the characteristic energies for
the E; (red), E; (blue), and E; (green) transitions, as determined by
Eq. (2).

c-InN yields a bowing parameter of by, = 1.58 = 0.16. For
this bowing fit, the samples E and G were excluded, leading
to a MSE of 0.007.

The model-DFs displayed in Fig. 4, obtained by PSEMI
oscillators, were only used to represent the line shape of the
pbp-DF and determining the dielectric limit. The characteris-
tic energies of the CPs are determined by a fit of the CP model
[Eq. (2)] to the third derivative of the pbp-DF, not the model-
DF. We obtain this derivative by locally fitting a third-order
polynomial to the pbp-data with a fixed interpolation width of
51 points. Since we are only interested in the higher energy
transitions, because the band gap region was already analyzed
in our previous study [46], the CP-model fits can only be
seen for the optical data above 4 eV in Fig. 6. Here, a great
agreement between the CP model and the third derivative of
the pbp-DF is achieved. The analysis of c-GaN (x = 0) and
low In content samples yielded only two CPs, while three
CPs were needed for samples with x > 0.2. This reinforces
our approach of using the CP-model analysis, since the third
transition was not visible in the PSEMI analysis for sample
F. The characteristic energy may not always be at the same
line shape position (e.g., not always at the maximum) for each
sample and CP, due to the freely fitted phase parameter in
Eq. (2), which can account for effects like surface electric
fields.

The determined energies for the high-energy CPs of all
samples are shown in Fig. 7 as well as in Table II. (The other
CP-model parameters are displayed in Sec. S7 in the Supple-
mental Material [51].) Additionally, we display the band gap
analysis from our previous study [46] as well as even higher
CP transitions for c-GaN [32] and c-InN [48] for comparison.
Based on band structure calculations [44,45], we attribute the
two high-energy CPs in c-GaN (at 7.45 eV and 7.68 eV) to

14 l LJ Ll L] L Ll Ll l L Ll Ll l L L Ll I Ll Ll L) I
i A Ref. [32] )
[A % Ref. [48] ]
12 ® This work -
[ bowing fits ]
LA E&E, O Ref. [46] .
10 * Ref. [31] E,()
< I + Ref. [47] )
> 1 0
— 8 e g0 o o o @]
> b, = 0.50eV =
o s ]
i ! o ]
T [ b, =1.01eV |
+F EiL) 1
[ bg = 1.61eV [46] j
oLk N
i Eg=Eo(I) ]
0 [ l I Il Il l Il Il Il I Il Il I I 1 1 I I 3 1 Il ]

0.0 0.2 0.4 0.6 0.8 1.0

In content, x

FIG. 7. Transition energies (red E; at the L-point, blue E, at the
X -point, and green E3, which is not yet clearly identified) determined
by critical point model fits for all samples. The E; transition was
not visible for samples with x < 0.23. The error bars for the tran-
sition energies determined in this work are too small to be visible
at this scale. Additional transitions from literature [32,48] (pink
and brown), as well as our previously determined absorption edge
analysis [46] (black) are displayed for comparison. The E| and E}
transitions in c-GaN (x = 0) occur at the same energy [32]. Bowing
fits (dashed) with their respective bowing parameters b are displayed
for the E; and E, transitions as well as for the band gap. The E, value
for x = 0.28 was not included into this fit.

the E; and E, transitions, located at the L- and X-points of
the Brillouin zone, respectively. The same assignment is true
for the 5.04 eV and 6.19 eV transitions in c-InN. These values
are in good agreement with theoretical calculations [61]. We
performed bowing fits [see Eq. (1)] to these E; and E, transi-
tions yielding bowing parameters of b} = 1.01 +0.33 eV and
b, =0.50 £ 0.21eV. There is clearly one outlier for the E,
transition at x = (.28, which was omitted for the bowing fit.
With this, MSE values of 0.035 and 0.013 were achieved for
the E| and E,, respectively. The values of the bowing parame-
ters are lower compared to the respective values in wurtzite
InGaN of b}* =1.07eV and b3* = 1.03eV [43]. The fact
that the higher energy transitions display smaller changes with
In content was also reported for other ternary systems earlier
[32,62-64].

The third transition in c-InN, at 7.76 €V, is not yet exactly
classified, because this signal does not appear to shift with
the In composition, but is clearly observed until x = 0.23.
Further investigations and comparison with similar samples
are needed. For the context of this study, we name the 7.76 eV
signal as E3. The next higher transition in literature would
be the E) transition into the next higher conduction band,
the X -point. This, however, is usually at even higher energies
[31,32,48]. Looking at the theoretical band structures [44,45],
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the K-point transition seems to fit the signal better energeti-
cally. However, comparing the other cubic nitrides as well as
arsenides and phosphides, a K-point transition seems unlikely
as it is normally not observed [31,32,48,59,65-67]. Another
explanation could be inclusions of wurtzite InN, since the ex-
traordinary DF does display a T, transition at this energy [48].
However, a reciprocal space map analysis of these samples,
measured by means of high-resolution x-ray diffraction, does
not show any significant wurtzite inclusion [35]. Furthermore,
we would expect additional contributions of these wurtzite
inclusions at other spectral regions, for example in the band
gap region, as well.

IV. SUMMARY

In this study, we have investigated the optical properties
of cubic InGaN thin films over the entire composition range.
The samples were grown by plasma-assisted molecular beam
epitaxy on c-GaN/c-AlN buffers on 3C-SiC/Si substrates, all
oriented in the (001) direction. Utilizing spectroscopic el-
lipsometry from the NIR to the VUV spectral ranges, we
determined the optical properties in form of the DF by means
of a pbp-fit and described the line-shape by a sum of PSEMI
oscillators. We were able to determine dielectric limits €., by
extrapolating the PSEMI model for each sample. The depen-
dence on the In content was described by a bowing fit with

b = 1.58. Furthermore, we analyzed the higher energy tran-
sitions E; and E; at the L- and X-point of the band structure,
respectively, as well as a third transition E; by performing
CP-model fits onto the third derivative of the product of pbp-
DF and E2. The bowing fits of the E; and E, transitions
yield bowing parameters of by = 1.01eV and b, = 0.50¢eV,
which are smaller than their wurtzite counterparts. It remains
unclear the apparent independence of the Ej; transition on the
In content. Further investigations will reveal the exact identity
of this transition.
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