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Abstract: Nitride wide-bandgap semiconductors possess a wide tunable energy bandgap and abun-
dant coordination anionic groups. This suggests their potential to display nonlinear optical (NLO)
properties in the UV wavelength spectrum. This paper reports recent progress and material dis-
coveries in exploring UV NLO structures using nitrides. The study emphasizes their underlying
structure—property correlations in order to provide a summary of the potential performance and
application value of important nitride NLO crystals. Additionally, the text underscores the benefits
of nitrides in terms of optical transparency, second-harmonic-generation effects, and the birefringent
phase matching output wavelength limits, while addressing current issues in terms of theoretical
outlook and experimental exploration.
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1. Introduction

Nitrides are significant wide-bandgap semiconductor materials with a variety of
optoelectronic applications in different fields of electronic devices, such as high-voltage
devices, solar-blind photodetectors, and waveguide devices [1]. Their excellent physical—
chemical properties and tunable energy bandgap (Eg) over a wide range make them ideal
for these applications. Typical wide-bandgap nitride semiconductors include the third-
generation semiconductor GaN [2], ultraviolet (UV) light-emitting material AIN [3] or its
solid-solution structure (Ga,Al)N [4], graphene-like layered material h-BN [5], and ceramic
material Si3Ny [6]. The wide-bandgap E¢ rendered the aforementioned materials naturally
suitable for use in optoelectronic applications and the study of light-matter interaction in
the UV band (100~400 nm). The UV band is typically divided into three segments: UVA
(320~400 nm long-wave UV), UVB (280~320 nm mid-wave UV), and UVC (100~280 nm
short-wave UV). UVC, in turn, is divided into 200~280 nm solar-blind UV and 100~200 nm
deep-UV light [7].

The UV laser is a cutting-edge high-tech solution for UV optoelectronic applications
that has added significant value in many areas, including spectroscopy, medicine, and pho-
tolithography [8-11]. One main technical route in UV laser production involves converting
traditional micrometer lasers, such as the Nd: YAG 1064 nm laser [12], into UV lasers using
the cascade harmonic generation effect of nonlinear optical (NLO) crystals. This typically
involves generating 355 nm for the third harmonic generation, 266 nm for the fourth har-
monic generation, and 177 nm for sixth harmonic generation based on the fundamental
wavelength of 1064 nm [13]. NLO crystals serve as the irreplaceable functional material
basis for laser generation, especially for the two crucial solar-blind UV and deep-UV bands.
However, the need for NLO performance has increased as second-harmonic-generation
(SHG) wavelengths shift to short-wave UV light, posing a challenge in crystal selection [14].
Apart from broad UVC transparency induced by a wide-bandgap Eg, the crucial phase-
matching (PM) performance is indispensable [15,16]. Regrettably, the availability of NLO
crystals that satisfy the optimal frequency conversion for solar-blind 266 nm and deep-UV
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177 nm is limited. The development of UVC laser technology has been limited by the search
for NLO crystals that are appropriate for the UVC band.

Traditionally, UV NLO crystal research has focused on phosphates and borates such as
KH,POy4 (KDP) [17], LiB3Os (LBO) [18], 3-BaB,O4 (BBO) [19], and KBe;BO3F, (KBBF) [20].
There has been a recent surge in the exploration of UV NLO materials derived from
carbonates, nitrates, and sulfates [21-23]. Compared to these traditional and emerging
UV NLO systems, NLO nitride research has also made significant progress in recent
years. This mainly includes the CN-based NLO system [24], PN-based NLO system [25],
and SiN-based NLO system [26], which has a larger bandgap E, than GaN (~3.4 eV), as
well as other nitrides such as Zn,NCl [27] and NaSnN [28], the latter having a smaller
bandgap E¢ than GaN. These NLO nitrides show a variety of anionic group structures
and structure—property relationships [29-34]. Encouragingly, the output wavelengths of
their phase-matching SHG can span the UV spectrum and even extend into the deep-UV
bands. Therefore, this study focuses on the research progress of nitrides in UV nonlinear
optics, which is of great practical significance for comprehensively discussing their NLO
structure—property relationships in the UVC region. It also serves as a catalyst for sorting
out the development and experimental exploration of this system.

2. Methods

With the advancement of high-performance computing, first-principles calculations
offer significant advantages for the assessment of mechanical, thermal, optical, and electrical
properties of functional crystals. In evaluating crucial NLO properties, like refractive
indices, birefringence, energy bandgap, and effective SHG coefficients, first-principles
calculations furnish efficient and effective computational and analytical methods and
solutions for material design [35]. Given the scarcity of reports on nitride NLO crystals
and the challenging conditions of nitride crystal growth, the initial assessment made
using first-principles calculations holds promise for evaluating overall performance and
comprehensively directing the use of nitrides. This approach can effectively prevent aimless
and time-consuming compound exploration and experimental characterization [36]. The
information in this study is primarily obtained from first-principles calculations found in
the existing literature. Notably, the calculated results on the linear and NLO properties
for the benchmark materials GaN and SisNy in the nitride system exhibit remarkable
accuracy [26,30], supporting the reasonableness and dependability of the theoretical studies
for use clarifying structure—property correlations and anticipating new materials. In this
paper, to enhance the lucidity of the structure—property evolutions, we include additional
data while maintaining computational parameters’ consistency.

3. Results

Note that nitrogen (N) is only less electronegative than fluorine (F) and oxygen (O),
similar to chlorine (Cl). Therefore, the relatively weak coupling strength of covalent nitride
bonds may lead to a small gap developing between the highest occupied molecular orbitals
(HOMO) and the lowest unoccupied molecular orbitals (LUMO). In other words, the energy
bandgaps (Eg) of nitrides are typically slightly lower than those of fluorides or oxides.
However, nitrides can also be bonded by the continued oxidation of F or O, resulting in
the potential creation of fluoronitrides or oxynitrides. These fluoronitride or oxynitride
compounds can further increase the energy bandgap Eg, making them appropriate for
wider optical transparency at shorter UV wavelengths. It should be emphasized that
the NLO effects and birefringence are frequently linked with covalent anionic motifs.
Additionally, it should be noted that the coordination motifs of nitrogen, similar to those of
oxygen, can also exhibit a broad range of anionic groups due to the variety of central cationic
coordination bonds and skeletal arrangements. The quantity of noncentrosymmetric nitride
structures in the inorganic crystal structure database (ICSD) is comparatively substantial.
These structures feature various central cationic covalent motifs and showcase a broad
selection of dimensional configurations, as well as coordinating group structures that
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incorporate oxygen or halogen. In addition, these structures contain ligand oxygen or
halogen radical structures. Here, we adhere to the principle of bandgap-first screening,
focusing on the nitride structures with wide UVC bandgaps (Eq > 4.4 eV, Ayy < 280 nm)
and large birefringence (An > 0.05). These structures are more likely to achieve a phase-
matching SHG output Apys < 280 nm in the UVC region. Their crystal and motif structures
are presented in Figure 1. Meanwhile, Table 1 provides details on their energy bandgaps
Eg, SHG coefficients dj;, birefringence An, UV absorption edges Ayy, and phase-matching
SHG limits Apy in comparison with the CO(NH;), (urea) crystal [37] containing typical
N-H bonds, GaN, AIN, and Si3Ny as the benchmark wide-bandgap nitride semiconductors.
We will now classify the structure—property relationships of NLO nitrides using various
motifs based on Figure 1 and Table 1.

3.1. GaN and AIN with Tetrahedral [GaN4] or [AIN4] Motif

Group IIIA nitrides are vital semiconductor materials and they have become the most
valuable semiconductor alloy system for short-wavelength light-emitting diodes (LEDs)
and laser development, with various applications. The synthesis of binary and ternary
nitrides of group IIIA has been critical in the growth of gas phase chemical vapor deposition
(CVD) techniques [38]. For instance, the growth conditions in Alj g5Gag 15N were adjusted
via the use of a hot-wall MOCVD system to decrease the compensation of native defects,
resulting in an elevation of p-type conductivity [39].

(c) (d)

Figure 1. Cont.
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Figure 1. Crystal and motif structures of GaN or AIN (a), Si3sNy (b), x-KCN (c), 3-KCN (d), AsC3N3
(e), CNI (f), NaCNO (g), SizNyO (h), Li;PNO; (i), and PNF; (j). In the legends, 4, b, and ¢ indicate the

orientation of the crystal axis.

Table 1. Energy bandgaps Eg, SHG coefficients d

ijr

phase-matching SHG limits Apy of typical wide-bandgap NLO nitrides.

birefringence An, UV absorption edges Ayy, and

Symmetry Motifs (eE\gl) dij (pm/V) ll(lérrlu@n (/:rjnv) (/:1 I;r) Refs.

COMEHg:  Pdym B 15 =15 R
GaN P63mc [GaNy] 3.50 ds1 =2.42; d33 = —3.64 0.017 354 - [30]
AIN Pé3mc [AIN,] 6.20 dy = 0.23; das = 0.86 0.023 200 [30]
«-KCN Cm [CN] 7.11 dys = 0.76 0.117 175 198 [24]
B-KCN Ce [CN] 7.60 dyy =059 0.121 164 180 [24]
AsC3N; C, [CN] + [AsCs] 5.9 dy = 0.71 0.123 208 235 [24]
CNI Rzm [CNI] 5.34 dzz =16.95 0.737 233 233 [24]
NaCNO Rsm [CNO] 5.0 ds3 = 0.66 0.374 239 239 [24]
«-SizNy P3¢ [SiNy4] 4.60 di5 = 0.50; dps = 0.50 0.016 270 - [26]
Si,N,O CmC2, [SiN;0] 5.00 dog = 1.00; dzz = —0.86 0.080 249 285 [26]
Li,PNO, CmC2; [PN,O,] 6.98 d3y = 0.79; d33 = —0.95 0.067 178 264 [25]
PNF, CmC2; [PN,F,] 8.80 d3p = 0.44; d33 = —0.86 0.164 142 142 [25]

“---" equals no suitable data.
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GaN is a third-generation semiconductor with a wide bandgap Eg ~3.5 eV [30]. How-
ever, its tetrahedral [GaNy] framework structure (see Figure 1a) results in relatively low
structural anisotropy and a small birefringence An of only 0.017 (see Table 1). Therefore,
it cannot meet the requirements for conventional birefringent phase matching in the UV
region. AIN, which has the same structure, faces a similar problem. Despite its large
bandgap E; of 6.2 eV [30], the value of birefringence An is still small, being only ~0.023,
and the material does not have sufficient ability for birefringent phase matching in the UV
region. Although it is feasible to develop GaAlIN solid solutions with a tunable bandgap
Eg, birefringent properties are linked to the local structural anisotropy with minimal im-
provement. Consequently, such solid solutions remain largely incapable of producing a
coherent phase-matching SHG output, especially in the UVC band. This scenario can be
observed in «-5i3Ny with the tetrahedral [SiN4] motif (see Figure 1b).

3.2. KCN and AsC3N3 with Chained [CN] Motif

An effective scheme to increase the birefringence An is to increase the structural
anisotropy of the anionic motif. The chain-like [CN] motif is a potential nitride birefringent
anionic motif. In a typical KCN compound [24], the CN triple bond determines the
bandgap E, required to reach deep-UV light (Eg ~7.1 eV for «-KCN and 7.6 eV for 3-KCN).
The difference in K coordination slightly raises the bandgap E; from a-KCN with four
coordinations (see Figure 1c) to 3-KCN with six coordinations (see Figure 1d). Despite the
staggered arrangement of isolated [CN] motifs, the resulting SHG effects (di5 = 0.76 pm/V
for a-KCN and dq; = 0.59 pm/V for 3-KCN) still exceed those of KDP (d3¢ = 0.39 pm/V).
Most importantly, their birefringence An are both sufficiently large, standing at ~0.117
and 0.121, respectively, for x-KCN and (3-KCN. Consequently, the o-KCN and 3-KCN
crystals can achieve phase-matching SHG output wavelengths of 198 nm and 180 nm,
which successfully expand into the deep-UV region. Furthermore, when the pyramid
[AsC3] motifs with lone-paired electrons (see Figure le) are combined with the chained
[CN] motifs, the bandgap Eg in the resulting AsC3Nj3 [24] structure is determined by the
As-C bond, reducing it to E; ~6.0 eV. Unfortunately, because the [AsC3] polar motifs are
aligned head-to-head, the SHG effect is weakened (dy; = 0.71 pm/V), although it still in
the order of KCN. On the upside, the birefringence An is still large enough to achieve a
phase-matching SHG output of 235 nm for lasing in the solar-blind UV region using the
practical 266 nm laser.

3.3. CNI and NaCNO with Chained [CNI] or [CNO] Motif

The birefringence and SHG effects can be significantly increased through the parallel
alignment of the chained [CN] polar motifs. The coordination of isolated [CN] motifs with
iodine (I) forms longer chain-like [CNI] dipole molecules (see Figure 1f), which belong to
this type of parallelly aligned structure [24]. Consequently, these polar molecule crystals
exhibit optimal isotropic alignment with a birefringence An of 0.7 and an SHG effect of
16 pm/V. Unfortunately, CNI has a bandgap E¢ of ~5.3 eV, much smaller than those of
KCN, limiting its phase-matching SHG output to only 233 nm, which is insufficient for
the deep-UV region, but still sufficient for the solar-blind UV region. Similarly, the [CN]
motif in NaCNO coordinates with oxygen (O) to form a [CNO] polar anionic chain (see
Figure 1g) with a large birefringence An of 0.3, allowing the phase-matching SHG output
to reach 239 nm [24]. This performance is also achievable for the solar-blind UV band
and superior to the UV NLO performance of the classical urea NLO crystal. However, the
intrinsic dipole moment of the [CNO] motif is canceled by C and O at both ends, resulting
in an SHG effect of only 0.66 pm/V, which is still larger than that of KDP.

3.4. a-SizNy and SiyN, O with Tetrahedral [SiN4] or [SiN3O] Motif

Another effective way to increase the structural anisotropy of a tetrahedron is by
modifying N with O, which alters the difference in bond lengths of regular tetrahedra. For
example, transitioning from «-Si3Ny to Si;N>O, as shown in Figure 1h, elevates the local
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anisotropy of the tetrahedral [SiN3O] structure, raises the birefringence An of SiN,O to
0.08 (exp. ~0.11), and produces a phase-matching SHG output of 285 nm [26]. Regrettably,
the structural anisotropy of Si;N,O is still not sufficiently extended, which, together with
the insufficiently large bandgap E¢ ~5.0 eV, results in a phase-matching SHG output that
does not reach the UVC region. Additionally, the SHG effect (e.g., dp4 = 1.0 pm/V) is almost
doubled compared to x-Si3sNy (e.g., dp4 = 0.5 pm/V, refer to Table 1) due to the enlarged
distortion of the polar tetrahedral framework. It is worth noting that this theoretical
prediction has also received preliminary experimental confirmation [26], which somewhat
suggests the potential of nitrides as UV NLO materials.

3.5. LipPNO, and PNF; with Poly-Chained [PN,O;] or [PN,F,] Motif

Similar to [SiNy], the [PN4] motif exhibits a small degree of structural anisotropy;
nevertheless, the bandgap Eg of the P-N bond is generally larger than that of the Si-N
bond. By applying the strategy outlined in Section 3.4 to P-N structures, it may be feasible
to extend the UV NLO capacity into the solar-blind UV or even the deep-UV regions.
The phosphazene system has been demonstrated to undergo reasonable expansion in this
regard [25]. In this case, Li;PNO, alters the [PN] with O, forming a tetrahedral [PN,O,]
poly-chained arrangement (see Figure 1i). As a result, the birefringence An increases to
0.067, enabling phase-matching SHG output at 264 nm in the solar-blind UV region. If
the [PN] is further modified to become [PN,F;] and arranged in a chain-parallel van der
Waals (vdW) polymer structure (see Figure 1j), the resulting birefringence An of the PNF,
structure increases to 0.16. This yields a phase-matching SHG limit of 142 nm, which
is shorter than KBBF’s 161 nm limit. It is important to emphasize that this meets the
requirements for the application of a 150 nm atomic clock [40]. Moreover, these two
polar poly-chained structures exhibit relatively large SHG effects twice that of KDP, with
~0.95 pm/V for Li;,PNO, and 0.86 pm/V for PNF,, respectively (see Table 1). Meanwhile,
the one-dimensional chain-like structure may be useful in fiber-optic devices and deep-UV
light guiding and does not require vacuum conditions. All of these results demonstrate the
significant potential of the phosphazene structures to perform well in the two critical UVC
bands [25].

4. Discussion

In Section 3, we described in detail the five nitride NLO motifs as shown in Fig-
ure 1, including the tetrahedral [Ga/AIN4] motif, chained [CN] motif, chained [CNI] or
[CNO] motif, distorted tetrahedral [SiN30O] motif, and poly-chained [PN,O5] or [PN,F;]
motif. With reference to the first-principles calculation results listed in Table 1, we fur-
ther elaborated on their UV NLO properties, including energy bandgap, UV absorption
edge, birefringence, and phase-matching SHG output wavelength. The origin of these
properties is consistent with our analysis of the conformational relationships of the nitride
motifs. Next, in order to more visually assess the potential of nitride use in UV NLO
materials, we labeled the structures in Table 1 with the UV absorption edges Ayy and
labelled those in Figure 2 with phase-matching SHG limits Apys in the order of wavelength
in the electromagnetic spectrum.

It can be summarized that the UV absorption edges Ayy for these typical nitride
structures range from 270 nm to 142 nm, while the phase-matching SHG limits Apys range
from 285 nm to 142 nm. This theoretically enables the phase-matching SHG output in the
UVC band. Specifically, using two structural design strategies to expand anisotropy, PNF,,
B-KCN, and a-KCN can achieve the shortest phase-matching SHG output wavelengths
of 142 nm, 180 nm, and 198 nm in the deep-UV (100 nm to 200 nm) region, respectively.
Meanwhile, CNI, AsC3N3, NaCNO, and LiPNO; can achieve the shortest phase-matching
SHG output wavelengths of 233 nm, 235 nm, 239 nm, and 264 nm in the solar-blind UV
(200 nm to 280 nm) region, respectively. Moreover, these NLO nitrides exhibit a relatively
large birefringence and SHG effect compared to traditional NLO oxides. Their birefringence
ranges from 0.067 to 0.737, with SHG effects that are typically greater than those of KDP.
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In some cases (e.g., CNI), the SHG effect even reaches the order of the infrared NLO
benchmark material AgGaS; (d36 = 13 pm/V). These findings demonstrate the considerable
potential of nitride use in UV nonlinear optics.

X-Ray | uv | Visible — ®
| uve ~—UVB —| UVA |
(El) 100 150 200 250 300 350 400
I T ki T T I
PNF, | o-KCNL,PNO, | AIN | AsCiN, CNI SLN,O  SiN, GaN
BKCN  CO(NH,),(Cal) CO(NH,), NaCNO
(b) 100 150 250 300 350 400

200
r { T ‘]r ‘I [ T [ T T T
PNF, B-KCN o-KCN CNII NaCNO \ Li,PNO, $i,N,0

AsC;N;  CO(NH,),

Figure 2. UV absorption edges Ayy (a) and phase-matching SHG limits Apy (b) of the NLO structures
in Table 1 across the electromagnetic spectrum. GaN, AIN, and Si3Ny are listed as comparisons.

In fact, the benefits of nitrides can also be achieved through the nitrogen (N) sub-
stitution of oxygen (O) in oxides. This is evidenced by examples such as M(NH,SOs3),
(M = Sr, Ba) with [SO3N] motif [41] and NaPO3;NHj with the [PO3;N] motif [42]. This
avenue of exploration should also be considered in the development of UV NLO structures
for oxynitrides. However, the experimental exploration of nitrides, especially inorganic
nitride NLO materials, is usually more difficult than that of oxides because of the need for
an oxygen-free experimental environment. Even if some oxynitrides (e.g., SixN»O) can be
synthesized under laboratory conditions, their large-sized single-crystal growth faces many
challenges, including in terms of structural stability and crystal defects. Therefore, the explo-
ration of nitride NLO materials still requires the tireless efforts of experimental scientists.

The thermal stability of wide-bandgap nitride materials, in addition to their NLO
properties, significantly impacts their applications. To evaluate the thermal stability, one
can resort to first-principles calculations. A first-principles-based synthetic growth concept
was utilized to investigate the formation mechanism of self-induced InAIN core-shell
nanorods (NRs) to address precursor prevalence and energetics [43]. We contend that
the advancement of this field will be augmented through the utilization of first-principles
design and simulation.

5. Evaluation and Outlook

The exploration of UV NLO materials has predominantly focused on oxides, while IR
NLO materials have been chiefly pursued in sulfur and phosphorus compounds. Nonethe-
less, the potential benefits of investigating NLO materials within nitride systems remain
largely untapped although the attention paid to polarity in other fields [44—48]. This article
highlights the importance of using nitride NLO materials to achieve optical frequency
conversion in UV and deep-UV regions. It does so by conducting a thorough evaluation
of the linear and NLO properties present in wide-bandgap nitride material systems. This
paper presents an approach for enhancing the NLO properties of nitride systems and
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investigates a range of UV and deep-UV NLO materials that exhibit superior linear and
NLO characteristics.

Scientifically, nitride systems possess important properties that give them advantages
in UV NLO materials. Firstly, wide-bandgap nitrides exhibit excellent UV transmission;
for example, the optical bandgap of AIN may go as high as 6.2 eV, and its cutoff edge
of UV absorption reaches 200 nm. Secondly, nitrogen has a stronger covalent nature
than oxygen and is more apt to form double or triple bonds with other elements. Lastly,
nitrides can form highly stable crystal structures that lend themselves to optoelectronic
applications. Polar structure is a determinant of greater second-order NLO effects in
nitrides compared to oxides. Additionally, nitrides can combine with oxygen or halogen to
form oxygenated or halogenated nitrides with a wider range of covalent chemical bonding
structures. This ultimately enables better regulation of the birefringence and endows
materials with superior birefringent phase-matching properties. The wide-bandgap nitride
system is highly significant for scientific research as an emerging field of exploration for
UV NLO materials due to its combination of the three aforementioned advantages.

The research program in this article has three main objectives. First, we performed a
systematical screening to identify polar double-bonded molecular structures, quasi-one-
dimensional chained structures, and quasi-two-dimensional layered structures within
known nitride material systems [24,25]. Then, to better understand the alloying properties
in oxygen-nitride systems, such as Si;N,O, we could have also conducted a complete eval-
uation of how altering the alloying ratios affects NLO properties and ultimately improves
laser output to UV 266 nm [26]. Additionally, we should further investigate the thermal
stability and defect properties in selected nitride structures. Based on the defect theory of
semiconductors, this study examines the properties of nitride materials when subjected
to laser irradiation. The focus is on the damage caused by defects in the materials. In the
course of this research program, we have discovered nitride vdW crystals (e.g., CNI) and
polymeric materials (e.g., PNF;) that exhibit excellent UV and deep-UV NLO properties.
The focus of researchers now should be on developing and characterizing nitride materials
with significant linear and NLO properties. The ultimate goal is to achieve the laser output
at 266 nm or even at 177 nm. This objective necessitates the performance of thorough
theoretical studies as well as sustained experimental exploration.

6. Conclusions

In conclusion, according to a first-principles analysis of structure—property cor-
relations, nitride semiconductors with wide tunable energy bandgaps and abundant
coordination motifs are predicted to possess potential UV NLO properties. These prop-
erties include wide UV transparency, large SHG effects, sufficient birefringence, and
short phase-matching SHG output wavelengths. Regarding nitride NLO materials, our
research group has previously made notable contributions to the field [24-26]. Since
then, the exploration of many nitride NLO materials has flourished. This paper not
only reviews these advances, but also summarizes structure—property relationships and
material design options in a concise manner. As a short summary, benefits of nitride
UV NLO material used include a of UV transmittance equivalent to that of oxides; su-
perior NLO effects; increased anisotropy of the one-dimensional structure, resulting in
superior phase-matching capacity; structural diversity in coordination with oxygen or
halogen elements; the application of synthetic growth conditions to oxygen-free catalogs
of ternary compounds, leading to the development of semiconducting properties; and
material stability. Preliminary research indicates that wide-bandgap nitride materials
exhibit distinct NLO characteristics across the UV to deep-UV range. Significantly, there
is enhanced efficiency in the deep-UV region. This compensates for oxides” lack of deep-
UV phase-matching capacity and improves overall NLO harmonic output efficiency in
the deep-UV region. These advantages, although previously overlooked, make these
materials potential alternatives to oxides and ensure they have a noteworthy impact on
the study of inorganic NLO materials. However, a lack of theoretical understanding
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has prevented systematic synthetic growth experiments. The purpose of this article re-
lates to the use of wide-bandgap nitride semiconductors to conduct theoretical research,
guide experimental exploration, develop and enrich the understanding of nitride NLO
materials, and discover promising nitride UV NLO materials. Based on our research, we
have found that nitrides have the potential for superior performance and advantages
in UV nonlinear optics, which can help in exploring functional NLO materials in the
UVC region.
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