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Abstract: Photonic crystals can exhibit relevant optical properties when transmitting or reflecting a light beam. In particular in 
a two-dimensional photonic crystal the reflective properties can be of interest and consequently optimized for different 
technological applications such as tunable laser cavities, photovoltaic solar systems, and selective high reflection mirrors among 
many others. Taking this motivation into account, a study of the reflective optical properties of two-dimensional photonic 
crystals built on a hybrid substrate of ZnO:Si has been developed. The aim of the present research is to demonstrate the feasibility 
to control the optical reflectance spectra of a two-dimensional photonic crystal by the inclusion of an array of optical 
micro-cavities in a regular photonic structure. Moreover, in this research an explanation of the origin of the high optical 
reflectance predicted by numerical calculations and confirmed by experimental measurements in a photonic crystal that contains 
an array of micro-optical cavities is also given. The results of numerical calculations of the optical properties of one of the 
photonic crystals studied determined that the origin of the increase in its optical reflectance is the light emission from the silicon 
present in the ZnO-Si substrate where the photonic structure was built. Strong resonant modes of the optical electric field 
stablished mainly in silicon present in two types of resonant cavities recognized in the photonic crystal favor the stimulated 
emission of light that gives rise to the high optical reflectivity. 
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1. Introduction 

Photonic crystals are one of the most novels and promising 
developments in the materials research area, their ability to 
control the flow of photons in matter confers them this 
importance. A photonic structure is capable of acting as a 
selective transmitter/absorber of light, a beam splitter, a wave 
guide, a light extractor in light emission diodes (LEDs) and, 
in general, a light processor in optical integrated circuits 
[1-5]. Certainly, these and other novel applications of 
photonic crystals can potentially be used to replace or 
improve specific functions currently developed by electronic 
devices, and of course with some significant advantages such 
as the processing speed comparable to the speed of light in 

vacuum. Photonic devices can be used in various interest 
areas such as telecommunications, for example, in the 
modulation and wavelength division multiplexing at low 
energetic cost, among many others potential uses [5-9]. 

Two-dimensional photonic crystals are of great interest 
because they are relatively simple to manufacture using 
techniques developed for the electronics industry, such as 
chemical assisted ion beam etching (CAIBE), reactive ion 
etching (RIE) and also using more modern techniques such 
as the focused ion beam milling (FIB) among others [10, 11]. 

The goal of the present research is to demonstrate the 
feasibility to control the optical reflectance spectra of a 
two-dimensional photonic crystal by the inclusion of an array 
of optical micro-cavities in the photonic structure. As well as 
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explaining the origin of the high optical reflectance in a 
two-dimensional photonic crystal that contains an array of 
micro-optical cavities. In other words, it is proposed in this 
work the use of optical micro-cavity arrays in order to obtain 
a strong wave coupling in a photonic structure that can 
enhance its reflective properties at a desired wavelength. 

The effects of introducing an optical cavity or a pair of 
them into a photonic crystal have already been studied in 
research reports published in the literature [12]. These 
cavities or defects considered usually are described either by 
a point defect or also by a linear section of these defects, 
creating a waveguide [13-15]. Highly nonlinear wave 
resonance effects exhibited by oscillation modes established 
in the cavity have been found [16]. Moreover, wave coupling 
effects have also been found as a result of the interaction 
between the established oscillation modes and the structural 
defects that break the periodicity of holes defining the 
photonic crystal, usually in a triangular lattice [17, 18]. 

In the present work we have considered a two-dimensional 
photonic crystal with a square lattice including an embedded 
square array of quasi-circular micro-cavities whose sizes are 
around one order of magnitude larger than the diameter of the 
circular cylindrical air holes describing the ordinary photonic 
crystal. This configuration considered for a photonic crystal 
studied in the present work has been found to have the ability 
to significantly increase the reflectance at a specific 
wavelength determined by its structural parameters. Thus, by 
varying the structural parameters of the fabricated photonic 
crystal, including both, its diameter and the lattice parameter 
of the micro-cavities array, it is possible to obtain a device 
with a tunable high reflectance at a specific wavelength. The 
relevance of these findings is precisely the contribution of 
this work which can be of help in the optimization of tunable 
laser cavities, between other novel developments. 

2. Methods and Experimental Details 

2.1. Numerical Simulations 

At the first step of this research numerical simulations of the 
optical properties of two PhCs using both, software developed 
by our research group based on the finite element technique 
and commercial software such as Comsol Multiphysics were 
performed [19]. In calculations developed were assumed a set 
of structural parameters defining two types of photonic 
structures; one of the photonic crystals which was taken as the 
control sample (PhC1) describes a periodic regular structure 
of square lattice with a lattice constant acontrl.=1.0 µm and 
circular cylindrical holes filled with air having a radius of 
rcontrl.=0.25 µm and a depth equal to 1 µm. A hybrid substrate 
composed by a ZnO thin film with a thickness of 230 nm 
deposited on a silicon plate was assumed. The other photonic 
crystal (PhC2) called the test sample, is also assumed to be 
built on the same substrate as the control sample. In addition, 
the PhC2 includes a quasi-circular cavity pattern with a 
diameter of 10 µm, describing a second square lattice. This 
array of quasi-circular cavities with a different lattice constant 

in the test PhC2 was embedded in a regular square lattice of 
cylindrical air holes similar to that defines the control sample 
PhC1. The optical cavities array in the test sample PhC2 
describes regions in which there are no air holes. The array of 
quasi-circular micro-cavities had a diameter of dc=10 µm and 
an approximated lattice constant of ac=30 µm as shown in 
Figure 1 (a) and (b). The dependence of the refractive index on 
the wavelength for both, the ZnO thin film and the silicon 
substrate was taken into account in calculations. The optical 
properties obtained from the numerical calculations included 
the photonic band structure and the spectral optical reflectance 
of each photonic crystal considered in this research. The 
stimulated emissions of light in silicon and the spatial 
distribution of the optical electric field describing the resonant 
modes established in the optical cavities array incorporated in 
the PhC2 sample were also obtained. 

2.2. Sample Preparation 

Two slab samples of two-dimensional photonic crystals 
similar to those assumed in numerical calculations were 
fabricated on a silicon plate substrate [001] coated with a ZnO 
thin film of approximately 240 nm thicknesses deposited by 
Assisted Chemical Vapor Deposition (AACVD) method. One 
of the photonic structures, the test PhC2 sample, was built on a 
ZnO-Si substrate in an area of 84×84 µm2 while the other 
sample called control sample PhC1, was built in an area of 30 
×30 µm2 using a JEOL JEM 9320-FIB Focused Ion Beam 
(FIB) system with Ga+ ion source operated at 26.5 kV. Both 
photonic crystals, the PhC1 and PhC2, were built using the 
same structural parameters assumed in numerical calculations. 
These structural parameters of the control sample PhC1 and 
the test sample PhC2 were achieved by setting a dose of 200 
nC/µm2 and 1000 pA of irradiated current during 15 seconds 
per hole using the spot milling shape [20]. Figures 2 (a) and (b) 
show SEM micrographs of the PhC1 and PhC2 built samples, 
respectively. 

2.3. Optical Characterization of Photonic Structures 

Each one of the PhCs built was optically characterized by 
measuring its spectral optical reflectance at normal incidence 
using an experimental setup described elsewhere [20]. The 
optical characterization of the PhCs was performed using 
eight single mode laser diodes available in our lab with 
stabilized output power, coupled to an optical fiber having 
wavelengths equals to 633 nm, 750 nm, 785 nm, 852 nm, 1308 
nm, 1392 nm, 1547 nm and 1594 nm, respectively. Each of 
light beams used was linearly polarized to ensure only the 
measurement of light reflected by the PhCs avoiding to detect 
any non-desired optical signals. 

3. Results and Discussion 

3.1. Numerical Simulations 

From numerical calculations developed in this research, 
several remarkable findings about the optical properties of 
each PhC considered were obtained. First, it was found an 
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unusual behavior of the spectral optical reflectance of the 
photonic crystal containing the optical cavities array. Figure 1 
(c) shows the optical reflectance calculated for the two 
photonic crystals studied in this research, the measurement for 
the control sample PhC1 is denoted by a dashed line and for 
the other sample including an array of optical cavities, the 
sample PhC2, is denoted by a continuous solid black line. As 
can be observed in Figure 1 (c), the optical reflectance 
calculated for the PhC2 shows a significant increase in the 
wavelength range from 700 to 800 nm, regarding to the value 
obtained for the PhC1 sample at the same wavelength range. 

Specifically, the optical reflectance of the PhC2 sample, 
containing the cavities array, slightly exceeds the 80% at a 
wavelength centered at 750 nm while for the PhC1 sample at 
this wavelength barely was obtained 10%. Although, it was 
also obtained a slightly enhancement of the optical reflectance 
in the wavelength ranges from 850 to 1050 nm for the PhC2, 
regarding the values obtained for the PhC1. Clearly, the 
optical cavities array present in the PhC2 sample plays a 
relevant role in the extraordinary increase of its optical 
reflectance in the wavelength range from 700 to 800 nm, 
which will be discussed in the next sections. 

 

Figure 1. (a) Schematic diagram of the structural parameters of a section of the photonic crystal PhC2 considered in numerical simulations, (b) a section of the 

PhC2 showing the holes diameter ��, and the lattice constant �� of the square array of air-filled holes, and the diameter �� of one of the optical cavities. (c) 
Calculated optical reflectance for the control sample PhC1 represented by a dashed line, and the test sample PhC2 denoted by a continuous solid black line, 

respectively. The squares and the dots represent the experimental measurements for the PhC1 and PhC2, respectively, which have been joined by a dashed blue 

line and a solid green line, respectively, for eye guidance only. (d) Numerical calculation of the photonic band structure for the control sample PhC1 composed 
only by a regular square lattice of air-filled holes milled in a ZnO-Si two-layer substrate, (e) an amplification of the photonic band structure of the PhC1 sample, 

in the frequency range from 1.32 to 1.36 ω/2πc (corresponding to the wavelength range of incident light from 700 to 800 nm), (f) a part of the photonic band 

structure calculated for the PhC2 sample including a square array of optical cavities, corresponding to the frequency range from 0.0 to 0.09 in units of ω/2πc. 

3.2. Photonic Band Calculation 

Numerical simulations performed included the calculations 

of the photonic bands structure of both samples studied. 
Periodic boundary conditions (PBC) to take into account the 
periodicity of the structural parameters that defines each PhC 
studied were assumed. Figures 1 (d) and (f) show the photonic 
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bands structure of the two photonic crystals studied in this 
work. Figure 1 (d) shows the photonic band structure of the 
control sample PhC1 composed only by a regular square 
lattice of air holes, while figure 1 (f) shows the photonic band 
structure of the PhC2 sample that includes a regular square 
lattice of air holes as the PhC1 and additionally a square array 
of optical cavities. In fact, in figure 1 (f) we only show a part 
of the photonic band structure calculated for the PhC2 sample 
corresponding to the frequency range from 0.0 to 0.09 in units 
of ω/2πc (representing c the light speed in vacuum and ω the 
angular frequency of radiation) even when calculations were 
performed beyond 0.09ω/2πc value. The above due to it was 
obtained that there is a large quantity of photonic bands for the 
PhC2 sample, which constitute practically a continuous 
succession of allowed propagation frequencies above the 
frequency 0.09 ω/2πc. It is remarkable to observe in figure 1 
(d) that the photonic band structure calculated for the PhC1 
sample does not present any complete photonic band gap 
around the normalized frequency corresponding to the 
wavelength range where the optical reflectance had an 
enhancement. This fact can be easily confirmed in figure 1 (e) 
where an amplification of the photonic band structure, 
obtained for the PhC1 sample, in the frequency range from 

1.32 to 1.36 ω/2πc (corresponding to the wavelength range of 
incident light from 700 to 800 nm) shows a continuous 
allowed band. Therefore, it is plausible to understand that the 
high optical reflectance in the PhC2 sample it is not associated 
either with the existence of a complete photonic band gap. 
One can come to this conclusion due to there is a great 
similarity between the photonic band structure calculated for 
both, the control sample PhC1 and the PhC2 sample as shown 
in Figures 1 (d) and (f). The only appreciable difference 
between both photonic band structures shown in figures 1 (d) 
and (f) is the existence of a large quantity of bands associated 
to the sample PhC2 for the corresponding frequency ranges in 
both photonic bands structures. In fact, it is reasonable to 
expect that the photonic bands structure of PhC2 be essentially 
the same photonic bands structure obtained for the PhC1 
sample. Except that the cavities array present in PhC2 
necessarily introduces a great quantity of allowed states in the 
frequency domain. This due to the optical cavities in the PhC2 
sample are a continuous thin film region where no any air 
holes were milled what determines a large number of allowed 
bands below the frequency interval ranging from 1.32 to 1.36 
ω/2πc in the photonic band structure. 

 

Figure 2. (a) and (b) scanning electron microscope (SEM) micrographs of the PhC1 and the PhC2 samples, respectively. (c) Calculation of the stimulated 

emission generation rate in units of 1/(m3s) as a function of the wavelength of incident radiation in silicon. 

3.3. Measurements of Optical Reflectance of Photonic 

Structures 

After to obtain the extraordinary results from numerical 
calculations that predicts an increasing of the optical 
reflectance at specific wavelength ranges in the PhC2 sample 
regarding to the obtained results in the PhC1 sample, these 
two photonic crystals as described in section 2.2 were built. 
Figures 2 (a) and 2 (b) show scanning electron micrographs of 
the PhC1 and the PhC2 samples, respectively. Then, both 
samples PhC1 and PhC2 were optically characterized by 
measuring their optical reflectance at normal incidence. 
Figure 1 (c) shows the experimental measurements of the 
optical reflectance in the Vis-NIR range of the 
electromagnetic spectrum of the PhC1 and the PhC2, the 
control and test samples, respectively. As it can be observed in 

Figures 1 (c), the results from numerical calculations are in 
good agreement with the experimental measurements, except 
for the intervals where there are no measurements due to the 
fact that we do not have light sources in that range. 

The finding predicted by numerical simulations was 
confirmed; clearly, the optical reflectance of PhC2 was 
enhanced respect to the obtained measurements for the PhC1 
as shown in Figure 1 (c). The peak amplitude of the optical 
reflectance of PhC2 reached a value above 80% while the 
sample PhC1 barely reached a value around 15% as shown in 
Figure 1 (c). Due to this fact, this research was focused on 
finding the origin of the enhancement of the optical 
reflectance of the PhC2 sample at certain wavelength range. It 
was explained in Section 3.2 that the high optical reflectance 
in the PhC2 sample it is not associated with the existence of a 
complete photonic band gap, and therefore it is necessary to 
address another possible explanation. 
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Figure 3. (a) SEM micrograph taken at high amplification (20,000×) of a surface section of the PhC2 showing a mounds array (assumed as a mix of silicon and 

ZnO deposited over the ZnO thin film) surrounding the air holes as a result of a redepositing effect during the fabrication process with the FIB system. (b) Design 

of a photonic structure similar to that shown in (a) including a holes array surrounded by a set of structures composed by Si:ZnO mounds over a ZnO-Si two-layer, 

used in numerical simulations of optical properties of the PhCs studied. (c) Details of one of the structures that constitute the array shown in (b) identified as a 

type 1 resonant cavity. (d) (top view) and (e) (side view) of a typical two-dimensional spatial distribution of the optical electric field amplitude numerically 

calculated that is established in the PhC2 built on a ZnO-Si two-layer substrate containing a set of type 1 resonant optical cavities such as those shown in (b). The 

incident light beam had a wavelength of λ=750 nm, and the Purcell factor associated to the resonant cavities in the photonic structures was equal to 8. 

3.4. Stimulated Emissions in Silicon Connected with High 

Optical Reflectivity 

In view of fact that the enhancement of the optical 
reflectance in the PhC2 sample in the wavelength range of 750 
-1050 doesn’t have a relation with a complete photonic 
bandgap as was discussed in section 3.2, we searched for its 
origin in the Si:ZnO substrate where the PhCs were built. First, 
the photon associated to the incident radiation with a 
wavelength of 750 nm does not have the energy required to 
promote a charge carrier from the valence band to the 
conduction band in the ZnO thin film. This because the band 
gap energy of ZnO thin film synthetized is 3.18 eV (measured 
value by our work team) and the energy of the photon 
associated to the wavelength of 750 nm is only 1.65 eV. Of 
course, it is required to promote the electrons to a high energy 
level so that they can eventually decay to a lower energy level 
generating a photon emitted. However, the excitation of 
electrons from the valence band to the conduction band using 
the energy of the photon associated to the radiation with a 
wavelength of 750 nm in silicon it is possible since its 
bandgap energy is equal to 1.2 eV. Therefore, it is reasonable 
to believe that the origin of the localized high optical 
reflectance in the PhC2 can be related to the presence of the 
silicon substrate as will be discussed below. 

Recently, it has been reported that in silicon the electrons 
could gain enough energy and momentum to be promoted to 
high energy states in the first and second conduction energy 
band at about 1.8 eV and then have a transition to yield 
emissions around 750 nm [21]. Although, also other types of 
electron transitions can occur in silicon giving rise to 
emissions centered at 450 nm, 650 nm and 850 nm which has 

been measured in electronic assembled devices, specifically in 
Silicon Avalanche Mode Leds [21]. Nevertheless, the relevant 
fact about the origin of spectral characteristics of the 750-850 
nm emission is that these are correlated to the scattering and 
diffusion of charge carriers which can be excited and confined 
in specific zones inside a device, allowing the enhance of 
predominant radiation in a specific wavelength range. In other 
words, it has been confirmed the correlation between the 
characteristics of the 750-850 nm emission and the existence 
of transitions of electrons between the first and the second 
conduction bands in silicon [21, 22]. Therefore, in the 
photonic crystals built on a substrate composed by a ZnO thin 
film deposited onto a silicon substrate studied in this research 
it is possible to induce and promote direct transitions of 
electrons from the valence band to the first or second 
conduction band. These electrons then can have relaxation 
transitions from the second to the first conduction band or 
transitions from the second conduction band to the valence 
band given rise to the emissions in 750 nm as has been 
confirmed in Refs. [21, 22]. Consequently, in our PhCs, the 
excitation of electrons in silicon is caused by the incident light 
that is highly transmitted by the thin film of ZnO which acts as 
an anti-reflective coating over the entire PhC2 area. 

Moreover, as it will discussed now, the high optical reflection 
at certain wavelengths in the PhC2, is the result of the stimulated 
light emission in silicon connected with the strong optical electric 
fields that are established in specific regions of it. Figure 2 (c) 
shows a calculation of the stimulated emission generation rate in 
units of 1/(m3s) as a function of the wavelength of incident 
radiation in silicon. The stimulated emission generation rate Wst 
between an initial state |i〉 and a final state |f〉 is obtained directly 
from the golden rule of Fermi [23]: 
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where H' is the time-dependent electromagnetic perturbation, 
δ is the Dirac delta function, ω is the angular frequency of the 
emitted photon and Ei, Ef are the initial and final energies of 
the system, respectively. 

It is important to recognize that in Figure 2 (c) appears 
every one of the possible emissions feasible to be stimulated in 
silicon. Therefore, is reasonable to assume that the high 
amplification of optical reflection in the PhCs measured and 
calculated in this work as shown in Figure 1 (c) can be 
determined by the presence of silicon substrate. Moreover, it is 
relevant to notice that the spectral characteristics of the 
700-900 nm emission are located in the range of maximum 
stimulated emission generation rate in silicon. 

Numerical calculations of the optical properties of the PhC 
considered in this research have also shown that the array of 
circular optical micro-cavities contained in the PhC2 together 
with the regions located around the array of air-filled holes 
that describe the ordinary PhC, act as a set of resonant cavities 
and both, contributes to the stimulated emission of light from 
the PhC2, leading to an enhancement of its optical reflectance 
[24]. The regions located around the array of holes filled with 
air that describes the ordinary PhC, constitute a particular 
cavity type (which will be called resonant type I cavity). These 
regions allow the establishment of strong and non-uniform 
optical electric fields. Figure 3 (a) shows a SEM micrograph 
of a section of the surface of the PhC2 that describes a set of 
type I resonant cavities in the ZnO:Si substrate, distributed 
periodically around the array of air holes. The mounds array 
surrounding the air holes in the PhC2 shown in Figure 3 (a) is 
the result of a redeposition effect during the fabrication 
process of the photonic structure by the FIB system, and thus, 
it can be assumed as a mixture of silicon and ZnO deposited 
over the ZnO thin film. Next, a representative type I cavity in 
PhC2, shown in Figures 3 (b) and 3 (c), was modeled and its 
optical properties were numerically simulated. The results 
obtained are shown in Figures 3 (d) and (e) which illustrates 
two-dimensional views of a typical spatial distribution of the 
optical electric field amplitude established in a type I optical 
cavity. This type of cavity is partially responsible for the 
stimulated emission of light that explains the high optical 
reflection at certain wavelengths in the PhC2. The amplitude 
of the optical electric field shown in Figures 3 (d) and (e) is 
described by colors ranging from blue (low) to red (high). As 

can be observed in Figures 3 (d) and (e) the optical electric 
field established in a representative type 1 cavity has a 
sophisticated spatial distribution with intensities as high as 
7×107 V/m. These electric field intensities are clearly 
sufficient to promote electrons from the valence band to high 
energy levels in the conduction band in silicon and then have a 
transition to yield stimulated light emission. 

As is well known, the Purcell factor is a parameter that 
characterizes the enhancement of spontaneous and stimulated 
emission rate of a resonant cavity as a result of 
electron-photon interactions [25-27] and it is given by the 
following relation: 

�� 
 � !"
#$

%

&�'()**
               (2) 

where Q is the quality factor of the cavity, λ is the resonant 
free space wavelength of the cavity, n is the refractive index at 
the location where the square electric field is maximum 
(|E(rmax)|

2), and Veff is the effective volume occupied by the 
electromagnetic energy of the resonant mode. Veff is defined 
as the ratio of the total electric field energy to the peak value of 
the electric field energy density [27, 28]: 
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where ε (r) is the dielectric constant in the material and E(r) is 
the electric-field amplitude at the position r. 

From numerical calculations of the optical properties of the 
photonic structure comprising the set of ZnO:Si mounds 
deposited over a structure ZnO-Si shown in Figure 3 (a), it 
was found that for one of these resonant cavities as shown in 
Figure 3 (b), the quality factor had a value Q=58.911. In 
contrast, the effective volume occupied by the 
electromagnetic energy of the resonant mode had a very low 
value equal to Veff=4.3634× 10-21 m3=1.8509 (λ/n)3. Both, the 
quality factor Q and the Veff determined a Purcell factor larger 
than the unity which explains the enhancement of the 
spontaneous and stimulated emission of the resonant cavity 
[29]. Moreover, Figures 3 (d) and (e) clearly show that the 
intensity of the optical electric field amplitude established in a 
representative resonant type 1 cavity has maximum values in 
the volume corresponding to Si plate. Although, it reaches a 
little penetration into the ZnO thin film as shown in Figure 3 
(e). Nevertheless, the high intensity of the optical electric field 
amplitude occurs mainly in the silicon plate. 

 

Figure 4. (a) Two-dimensional top view of the spatial distribution of the optical electric field amplitude established in a type 2 optical cavity that is a part of the 

square array of micro-cavities in the PhC2, numerically calculated for an incident radiation of 750 nm wavelength showing a coupling effect between the cavities 

array. (b) A top view of the spatial distribution of the optical electric field amplitude established in the volume determined by a type 2 cavity defined by a ZnO-Si 

two-layer structure in the PhC2, for an incident light beam with a wavelength of a 1592 nm. Now in (b) the optical electric field is confined practically to the 

volume determined by the cavity without any coupling established between the cavities. 
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On the other hand, the set of cavities defined by a square 

array of quasi-circular regions (called type 2 resonant cavities), 
where the circular cylindrical holes have not been milled, 
constitute by themselves a set of resonant cavities. Figure 4 (a) 
shows a two-dimensional view (top view) of the optical 
electric field amplitude established in a representative type 2 
optical cavity that is a part of the square array of 
micro-cavities in PhC2, calculated numerically for an incident 
radiation with a wavelength of 750 nm. As can be seen in 
Figure 4 (a), there is a coupling effect between the cavities 
array. The radiation escapes from one of the cavities shown in 
Figure 4 (a) into the neighboring cavities given rise to an 
establishment of a communication loop between them. This 
contributes to the stimulated emission radiation and thus to the 
enhancement of optical reflectivity from the PhC2. The 
coupling effect between the type 2 cavities for a 750 nm 
wavelength incident light beam on PhC2 can be confirmed in 
Figure 4 (a) where it is shown how the radiation arms extend 
from one of the cavities to its nearest neighbors. However, for 
other light beams with another incident wavelength on the 
PhC2 a resonant mode could be established in the cavities but 
they are not necessarily coupled, as shown in Figure 4 (b). 
Figure 4 (b) shows a top view of the optical electric field 
established in the volume determined by a type 2 cavity 
defined by a two-layer structure ZnO-Si (in fact, three layers 
because a native SiO2 thin film with a thickness of around 5 
nm is usually present over the silicon which was taken into 
account in all calculations) for an incident light beam of 1.592 
µm wavelength on the PhC2. Now the optical electric field is 
confined to the volume determined by the cavity without any 
coupling established between the cavities. Consequently, as 
expected, the resonant effects in the cavities studied occur at 
certain wavelength of radiation and these are determined by 
the structural parameters, by the spatial distribution between 
the cavities and by the type of material with which they are 
built. Therefore, the high reflectance found in the PhC2 
studied that contain the array of optical cavities has its origin 
in the stimulated emission of light occurring mainly in silicon, 
assisted by the presence of the resonant effects present at 
specific incident wavelength. In fact, as it was found, these 
effective resonant modes of the optical electric field can be 
established in both, the resonant cavities defined by the 
ZnO:Si mounds over the ZnO-Si substrate, and in the square 
array of circular micro-cavities configured in the ZnO-Si 
two-layer substrate. 

4. Conclusions 

This research has demonstrated the capacity to increase the 
optical reflectance in two-dimensional photonic structures 
including an array of optical cavities by means of 
experimental measurements and exhaustive numerical 
calculations of their optical properties. From the results 
obtained, the feasibility of controlling the optical reflectance 
spectra of a two-dimensional photonic crystal by including an 
array of optical microcavities was demonstrated. It was 

obtained that the increase of the optical reflectance amplitude, 
at certain wavelengths, occurs due to light emissions feasible 
to stimulate in silicon. The results of numerical calculations of 
the optical properties of the PhC2 determined that the origin of 
the increase in the optical reflectance peak it is not the 
existence of a complete photonic band gap possibly induced 
by the square array of cavities. Rather, the origin of the high 
reflectance turns out to be the light emission from the silicon 
present in the ZnO-Si substrate where the photonic structure 
was built. Two types of resonant cavities arrays were 
recognized in the PhC2 sample. Calculations of the optical 
properties of these two types resonant cavities showed that 
strong resonant modes of the optical electric field stablished 
mainly in silicon can favor a stimulated emission of light in 
the PhC2 which explains its high optical reflectivity. This 
finding is reasonable since it is more feasible to induce 
stimulated light emissions in silicon than in ZnO because the 
former has lower band gap energy than the latter. Nevertheless, 
it is necessary that effective resonant modes of the optical 
electric field can be established in both, the resonant cavities 
defined by a set of ZnO:Si mounds, and in the square array of 
circular micro cavities configured in the ZnO-Si substrate. 

5. Recommendations 

1. Conducting the same study varying the structural 
parameters of photonic crystal such as lattice parameters, 
air-holes diameter, optical cavities diameter, in order to 
observe a shift on the peak of optical reflectance. 

2. Conducting the same study modifying the square lattice 
that describes the photonic crystal by a hexagonal lattice 
and evaluate the effect of this change on the optical 
reflectance. 

3. Study the effect of optical cavities geometry on the 
optical properties of the photonic structure.  
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