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ABSTRACT— In this article, we provide a 

theoretical investigation into the reshaping of 

flat-top pulses in a one-dimensional, 

homogeneous, isotropic, finite-size photonic 

crystal with two defect layers. We use Fourier 

transform to find frequency and time spectra, 

and transfer matrix to determine transmission 

spectra to find the average duration and power 

of the output pulse. The pulses with a carrier 

frequency near the defect mode center and a 

wide frequency spectrum, undergo the most 

significant reshaping. Reshaping is strongest for 

narrow pulses with a carrier frequency at defect 

mode peaks. The maximum power and duration 

of the output pulse of a spectrally narrow pulse 

are all proportional to the pulse duration and 

exhibit extremes at the frequencies of the defect 

mode peaks. The power and average duration of 

a spectrally wide pulse's output pulse are not 

affected by the carrier frequency. 

KEYWORDS: Reshaping, Time Envelope, Flat-

Top, Fourier Transform, Photonic Crystal, 

Transfer Matrix, Transmission, Defect Mode, 

Carrier Frequency, Duration. 

I. INTRODUCTION 

Pulse reshaping encompasses a broad spectrum 

of applications, including high-speed 

communications and information processing 

[1], optical code-division multiple-access 

communications [2], coherent control [3], 

quantum control and nonlinear spectroscopy [4, 

5]. 

Several approaches have been developed for 

reshaping pulses. Asghari proposes a versatile 

technique that employs an optical pulse re-

shaping method using multi-arm ultrafast 

optical differentiators. This method is notable 

for its ability to synthesize arbitrary optical 

pulse shapes through the coherent overlapping 

of successive time derivatives of an input 

optical pulse [6]. Radeonychev's research has 

shown that pulse shaping can be achieved 

through the modulation of resonant absorption 

[7]. Brixner introduces a method for shaping 

femtosecond pulses, employing a frequency-

domain phase shaper and optimization 

algorithms to compensate for phase deviations 

and achieve specific temporal profiles [8]. A 

silicon-on-insulator (SOI) planar waveguide, 

engineered by S. Adhikary, demonstrates the 

capacity to effectively transform the profile of 

an incident super-Gaussian optical pulse into a 

parabolic pulse [9]. A myriad of supplementary 

innovative methodologies for the shaping and 

manipulation of optical pulses has been 

scrupulously documented within the scholarly 

literature, substantiated by references [10-12]. 

Furthermore, Zhao unveils a process of self-

induced transparency that remarkably reshapes 

ultrashort light pulses transmitted through 

resonant photonic crystals (PCs,) to achieve 

shorter durations in the output [13]. 

PCs play a crucial role in manipulating light 

waves through their periodic and dielectric 

nature, effectively utilizing the interfaces 

between different dielectric media as light 

scattering centers. Optical communication and 

optical interconnection are critical areas of 

interest when it comes to the applications of 

PCs [14, 15]. PCs are appealing for integrated 

optics and applications in telecommunications 

because they can permit the micromanipulation 
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of laser light in the same manner that 

semiconductors control electric currents [16, 

17]. It is well-established that one-dimensional 

periodic structures can efficiently reflect waves 

when the wavelength, 𝜆, satisfies the Bragg 

condition 𝜆=2𝑑, where d represents the 

periodicity of the structure. The range of 

forbidden frequencies known as the photonic 

band gaps (PBGs) appear in the regions where 

no real solutions are possible for �⃗� , and a 

forbidden window for particular frequencies 

occurs [18, 19]. Due to their capacity to 

generate PBGs, PCs have attracted significant 

research during the past 20 years [20-22]. 

Usually, when a PC's translational symmetry is 

compromised, defect modes will be produced. 

The occurrence of defect modes within the PBG 

is a fundamental issue connected to the PBG. 

To accomplish this, either a defect layer can be 

added to the PC or a layer can be removed from 

the structure [23-25]. Due to serious 

electromagnetic field confinement close to the 

defect layer, the defect mode manifests as a 

narrow transmission peak in the transmission 

spectra. Defective PCs have attractive 

properties that make them suitable for many 

technological applications, including the 

development of narrowband transmission 

filters [26]. How the defect modes are related to 

the change in the thickness of the defect layer 

has been studied in [27]. The applications of 

one dimensional (1D) PCs in time delay devices 

[28], high-quality filters [29], and nonlinear 

optical diodes [30] have received a lot of 

attention recently. Among them, some authors 

have performed analytical and numerical 

simulations of wave packet tunneling via 1D 

PCs and structured media, including pulse 

reshaping and output pulse time delay [31-33]. 

Because different spectral components of the 

pulse behave differently, reshaping the time 

spectrum is typical for transmitting wave 

packets [34, 35]. In Ref. [36] the reshaping of 

ultra-short optical pulses at a wavelength of 

1.53 μm using an integrated acousto-optic 

tunable filter is investigated. The control over 

the optical pulse shape is achieved by adjusting 

various radio-frequency electrical signals that 

drive the acousto-optic filter. In reference [37], 

the tunneling of femtosecond optical pulses 

through a one-dimensional photonic crystal was 

studied.  

Roshan Entezar examines the transformation of 

Gaussian laser pulses in a 1D PC with two 

defects, focusing on the reshaping process [38]. 

The reshaping of the Gaussian pulse passing 

through the PC containing the defect layer and 

the frequency and duration regions where the 

most reshaping occurs has been investigated in 

the article [39]. Temporally flat-top pulses are 

versatile in their applications across various 

fields. Petrarca's work with the SPARC 

photoinjector illustrates their effectiveness in 

reducing beam emittance [40]. Additionally, 

Xiao's development of a fiber-loop time-lens 

system has been pivotal in generating ultrashort 

flat-top optical pulses with enhanced 

controllability [41]. These pulses are also 

integral in high-speed optical communications, 

as demonstrated by Palushani [42], and play a 

critical role in pulse amplification and free 

electron lasers, as explored by Lozovoy [43]. In 

this article, we explore the reshaping of flat-top 

pulses in a 1D PC with defect layers. By using 

the Fourier transform and transfer matrix, we 

can determine the transmission spectra of the 

PC, frequency and time spectra of the output 

pulse, and analyze its average duration, and 

power. In addition to the deliberate methods of 

using PCs for pulse shaping discussed in detail 

above, there exists an inadvertent approach as 

well. Often, in optical setups, a series of 

elements are utilized, such as various filters 

composed of 1D PCs. During the 

manufacturing process, PCs may develop 

imperfections. Our research demonstrates what 

happens to flat-top pulses when these 

imperfections occur. 

II. GENERAL ANALYSIS 

 
Fig. 1. Schematic of PC with structure 

(AB)5(BA)6(AB)5. 

We consider a one-dimensional, homogeneous, 

and isotropic finite-size PC with a structure    

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

op
.ir

 o
n 

20
24

-0
3-

20
 ]

 

                               2 / 8

http://ijop.ir/article-1-543-en.html


International Journal of Optics and Photonics (IJOP) Vol. 17, No. 1, Winter-Spring, 2023 

59 

(AB)5(BA)6(AB)5 where A and B represent the 

layers with a different material and thickness 

Fig. 1. This structure contains two defect layers, 

so usually, the transmission spectra of this 

structure will contain two defect modes in the 

PBG. The flat-top pulse with the following 

electric field equation is projected into this 

crystal from the left side along the z-axis. 

𝐸𝑖(𝑡) =

{
 

 
0 𝑡 ≥

𝜏0

2

𝐸0 −
𝜏0

2
≤ 𝑡 ≤

𝜏0

2

0 𝑡 ≤ −
𝜏0

2 }
 

 

𝑒−𝑖𝜔0𝑡 (1)  

where 𝑡 , 𝐸0 , 𝜏0 , 𝜔0 , and 𝐸𝑖(𝑡)  are the time, 

electric field amplitude, duration, carrier 

frequency, and time envelope of the input pulse, 

respectively. 

Using the Fourier transform, we obtain the 

frequency spectrum of the input pulse 𝐸𝑖(𝜔) as: 

𝐸𝑖(𝜔) =
1

√2𝜋
∫ 𝐸𝑖(𝑡)𝑒

𝑖𝜔𝑡𝑑𝑡
+∞

−∞
. (2)  

The frequency spectrum of the output pulse 

(𝐸𝑇(𝜔)) can be obtained as: 

𝐸𝑇(𝜔) = 𝑡(𝜔)𝐸𝑖(𝜔). (3)  

Here, 𝑡(𝜔)  is the transmission coefficient of 

the structure, which can be obtained using the 

well-known transfer matrix method. But for the 

sake of brevity, we omit writing the relations 

related to the transfer matrix method here. 

Using the Fourier transform, we obtain the time 

envelope of the output pulse 𝐸𝑇(𝑡) as follows: 

𝐸𝑇(𝑡) =
1

√2𝜋
∫ 𝐸𝑇(𝜔)𝑒

−𝑖𝜔𝑡𝑑𝜔
+∞

−∞
 (4) 

III. NUMERICAL RESULTS AND 

DISCUSSION 

We assume that the considered PC consists of 

silicon oxide (layer A) and titanium oxide (layer 

B). These materials are transparent in the visible 

and near-infrared regimes. The refractive index 

of each layer is equal to 𝑛𝐴 = 1.45 and 𝑛𝐵 =
2.47 respectively, and the thickness of layers is 

equal to 𝑑𝐴𝑛𝐴 = 𝑑𝐵𝑛𝐵 = 2.5  μm. The first 

PBG and defect modes are shown in Fig. 2. As 

seen in Fig. 2, the transmission spectra of this 

structure have two peaks. 

 
Fig. 2. PBG and defect modes. 

We consider a flat-top pulse with the durations 

of 𝜏0 = 0.56  ps, 5.6  ps, and the carrier 

frequency at the low-frequency maxima of the 

defect mode 𝜔𝑙 = 5.639 THz. The normalized 

spectrum and the time envelope of input and 

output pulses are shown in Figs. 3(a) and 3(b). 

 
(a) 

 
(b) 

Fig. 3. (a) The normalized spectrum   0inE E  of 

input pulse of duration 𝜏0 = 0.56 ps (black dash-

dotted line) and, its normalized spectrum of output 

pulse   0outE E  (green dashed line), and the 

normalized spectrum of input pulse of duration 𝜏0 =
5.6 ps (blue dotted line), and its normalized spectrum 

of output pulse (red solid line) with the carrier 

frequency at the low-frequency maxima of the defect 

mode. (b) Time envelope   0inE t E  of the input 

pulse of duration 𝜏0 = 5.6 ps (green dashed line) and 

𝜏0 = 0.56 ps (red dash-dotted line) and time 

envelope   0outE t E   of the output pulse for the 

duration of input pulse 𝜏0 = 5.6 𝑝𝑠 (blue solid line) 

and 𝜏0 = 0.56 ps (black dotted line). 
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As seen in Fig. 3(a) and 3(b), the frequency 

spectrum of the flat-top pulse has a Sinc 

functionality. The shape of the output pulse 

depends on the duration of the input pulse. By 

reducing the duration of the input pulse, the 

width of the time spectrum of the input pulse 

becomes smaller, and as a result, its frequency 

width increases, which in this transmission 

spectrum causes the maximum time spectrum 

of the output pulse to decrease, and it becomes 

more fluctuating. 

To investigate the effect of the carrier 

frequency on the reshaping of the output pulse, 

we obtain the time envelope of the output pulse 

as a function of the carrier frequency and time 

in large 𝜏0 = 5.6  ps and small 𝜏0 = 0.56  ps 

durations Fig. 4, and Fig. 5, respectively. 

 

Fig. 4. Time envelope of the output pulse   0TE t E  

as a function of time and carrier frequency for the 

duration of input pulse 𝜏0 = 5.6 ps. 

In Fig. 4, it can be seen that the maximum 

electric field of the output pulse is strongly 

dependent on the carrier frequency of the input 

pulse, and it has the highest value at the carrier 

frequency equal to the low 𝜔𝑙 = 5.639  THz 

and high 𝜔ℎ = 5.665 THz frequency maxima 

of the defect mode, and it drops sharply in the 

other frequency areas. 

 
Fig. 5. Time envelope of the output pulse 

  0outE t E  as a function of the time and carrier 

frequency for the duration of input pulse 𝜏0 = 0.56 

ps. 

In Fig. 5, it can be seen that the maximum 

electric field is at the carrier frequency equal to 

the central frequency of the defect mode 𝜔𝑐 =
5.652  THz. It decreases slowly in other 

frequency regions, and its shape is 

approximately in fluctuating form. 

To evaluate the power 𝑃𝑜𝑢𝑡  and average 

duration of output pulse 𝜏𝑜𝑢𝑡
𝑎𝑣 , we define Eq. (5), 

and Eq. (6). 

𝑃𝑜𝑢𝑡 =
∫|𝐸𝑇(𝑡)|

2𝑑𝑡

∫|𝐸𝑖(𝑡)|
2𝑑𝑡

𝑃𝑖𝑛 (5)  

where 𝑃𝑖𝑛 is the power of the input pulse. 

𝜏𝑜𝑢𝑡
𝑎𝑣 =

∫ |𝐸𝑇(𝑡)𝑡|𝑑𝑡
+∞
−∞

∫ |𝐸𝑇(𝑡)|𝑑𝑡
+∞
−∞

 (6)  

The average duration and power of the output 

pulse for two different durations are shown in 

Figs. 6, and 7, respectively. 

 
Fig. 6. Average duration of the output pulse as a 

function of a carrier frequency for the duration of 

input pulse 𝜏0 = 0.56 ps (red solid line) and 𝜏0 =
5.6 ps (blue dashed line). 

According to Fig. 6, if the input pulse is wide in 

terms of time spectrum, the output pulse will be 

narrower, and if it is narrow, the output pulse 

will be wider. 

 
Fig. 7. Output pulse power as a function of a carrier 

frequency for the duration of input pulse 𝜏0 = 0.56 

ps (red dashed line) and 𝜏0 = 5.6 𝑝𝑠 (blue solid line). 
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According to Fig. 7, the power of the output 

pulse for the duration of the input pulse 𝜏0 =
5.6  ps depends on the carrier frequency. It 

reaches its maximum value at the carrier 

frequency equal to 𝜔𝑙 and 𝜔ℎ, but for duration 

𝜏0 = 0.56  ps it is relatively constant in the 

entire frequency range. 

To investigate the effect of the pulse duration 

on the reshaping of the output pulse, we obtain 

the time envelope of the output pulse as a 

function of the pulse duration and time for 

carrier frequencies at the center and at the low-

frequency maxima of the defect mode Fig. 8, 

and Fig. 9, respectively. 

According to Fig. 8, the maximum electric field 

of the output pulse is in the region where the 

duration of the input pulse is less than 2ps, and 

its shape fluctuates in this area, for wider 

pulses, the output pulse profile is wide, and has 

a weak oscillation sequence. 

 
Fig. 8 Time envelope of the output pulse 

  0outE t E  as a function of the input pulse duration 

𝜏0 for carrier frequency 𝜔𝑐. The color depicts the 

value of   0outE t E . 

 
Fig. 9. Time envelope of the output pulse 

  0outE t E   as a function of the input pulse duration 

𝜏0 for carrier frequency 𝜔𝑙. The color depicts the 

value of   0outE t E . 

According to Fig. 9, for durations less than 2ps, 

the intensity of the electric field of the output 

pulse is low, and its shape is almost fluctuating. 

With the increase in the duration of the input 

pulse, the intensity of the output pulse increases 

and its shape is almost like a flat-top pulse. 

 
Fig. 10. Duration of output pulse as a function of the 

input pulse duration 𝜏0 for carrier frequency 𝜔𝑐 (blue 

solid line) and 𝜔𝑙 (red dashed line). 

To check the characteristics of the output pulse, 

we obtain the duration and power of the output 

pulse as a function of the input pulse duration 

for carrier frequencies at the center and the low-

frequency maxima of the defect mode Fig. 10, 

and Fig. 11. 

In Fig. 10, it is clear that for the carrier 

frequency equal to (𝜔𝑙) , as the input pulse 

width increases, the output pulse width also 

increases. For the carrier frequency equal to 

(𝜔𝑐), the output pulse width decreases until the 

duration of approximately 4ps and then 

increases. 

 
Fig. 11. Output pulse power as a function of the input 

pulse duration 𝜏0 for carrier frequency 𝜔𝑐 (blue solid 

line) and 𝜔𝑙 (red dashed line). 

It can be seen in Fig. 11 that the power of the 

output pulse with the carrier frequency equal to 

𝜔𝑐 increases with the increase in the duration of 

the input pulse up to approximately 2ps and 

then decreases. For a pulse with a carrier 

frequency equal to 𝜔𝑙 , its output power 

increases with increasing pulse duration. 
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IV. CONCLUSION 

In this article, the reshaping of the flat-top pulse 

passing through a homogeneous and isotropic 

1D PC containing two defect layers is 

investigated, and the effect of the carrier 

frequency and the duration of the input pulse on 

the power, and duration of the output pulse is 

investigated. According to the findings of this 

article, for a pulse with a wide frequency 

spectrum, the most reshaping is related to the 

carrier frequency near the center of the defect 

mode. Also, in such a case, the power, and 

duration of the output pulse have very little 

dependence on the carrier frequency of the 

input pulse. But for a pulse with a narrow 

frequency spectrum, the most reshaping is 

focused on the frequency areas where the 

carrier frequency of the input pulse is equal to 

the low and high-frequency maxima of the 

defect mode, and in such a case the power, and 

duration of the output pulse are strongly 

dependent on the carrier frequency of the input 

pulse. 

Future research could focus on examining this 

phenomenon under conditions of high applied 

intensities, where the layers demonstrate 

nonlinear behavior and may potentially possess 

magnetic properties. This will enable an in-

depth exploration of the process in scenarios 

featuring magnetic properties. 

Reshaping flat-top pulses transmitted through 

photonic crystals holds promising applications 

in advancing optical communication systems 

and enabling efficient manipulation of signal 

characteristics for enhanced information 

processing in diverse technological domains. 
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