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Abstract: A novel design of Mach Zehnder Interferometer (MZI) in terms of using special type of optical fiber 

that has double clad with graded distribution of the refractive index that can be easily implemented practically 

was suggested and simulated in this work. The suggested design is compact, rapid, and is simple to be modified 

and tested. The simulated design contains a MZI of 1546.74 nm of central wavelength that is constructed using 

special type of double clad optical fiber that has two different numerical apertures. The first aperture will supply 

single mode propagation via its core, while the second numerical aperture supports a zigzag wave propagation 

(multimode) in the first clad region. The interferometer’s sensing arm (double clad fiber) was etched using 40% 

Hydro-Fluoric (HF) acid to achieve three different fiber diameters, which are ( 84, 72, 54 ) µm with ( 5 ) cm 

length. The simulation programs Optiwave version 15 and Optigrating version 4.2.2 were used to simulate the 

setup and to acquire the readings for the three durations of etching (10, 20, and 30) min, and also for the case of 

no etching at all. The obtained results show that the simulated setup can be used efficiently to test which one of 

the etching cases has the highest effect on the performance of the overall system, specifically when it comes to 

spectrum bandwidth, signal amplitude, and received power. 
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1. Introduction: 
Novel integrated optics are currently regarded as 

the fundamental element of processing all types 

of light waves, where they can be utilized for 

both transmitting and receiving the data. That’s 

the main cause that most new research 

directions are aimed at achieving the task of 

eliminating most electronic components in 

communication systems, where they are 

replaced by optical components instead to 

achieve better results [1, 2]. 

 

There are several applications for an optical 

system, such as implementing a system to 

produce a narrow laser pulse, which is 

considered as an important part in many optical 

setups [3]. There has been an exponentially 

increasing interest in designing novel photonic 

setups that can work with fast rates of data 

communication as well [4, 5]. 

 

An optical fiber interferometer is a photonic 

device that is used in many applications like 

optical Band Pass Filter (BPF), pulse 

compressor and super continuum generation 

optical source. Optical fiber MZI is a simple 

interferometer to be implemented practically.  

 

Photonic devices group previously worked on 

designing optical fiber MZI as optical BPF 

using four different types of optical fibers: In 

2018, Hollow Core Photonic Crystal Fiber (HC-

PCF) with 7 and 19 cells were used [6], while in 

2020 an optical fiber MZI was designed using 

Large Mode Area fiber (LMA-10) and two types 

of HC-PCF 7 and 19 cells after filling all their 

holes with ethanol, acetone, and acetic acid [7].  

 

In 2022, an optical fiber MZI was designed 

using optical fiber with zero Polarization Mode 

Dispersion (PMD), which is called Polarization 

Maintaining Fiber (PMF) [8]. Lastly in 2022, 
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designed nested optical fiber MZI using three 

different etching times of Multi-Mode Fiber 

(MMF) [9]. 

In this work, the suggested approach covers a 

design and simulation of an optical system 

implemented by utilizing an MZI. The system is 

focused on a Double Clad (DC) optical fiber 

that is placed between two identical Single 

Mode Fibers (SMF’s), which is different from 

No Core Fiber (NCF) and Dispersion 

Compensation Fiber (DCF) in that DC fiber 

supports single mode wave propagation at the 

core while simultaneously supports multimode 

wave propagation in the first cladding at the 

same time. The measurements are taken when 

the DC optical fiber is etched for (10, 20, and 

30) minutes, and compared to the readings in the 

case when it is not etched at all as a reference. 

 

2. Theoretical background: 

Dispersion phenomena is a negative effect in the 

wave propagation via optical fibers which cause 

optical pulse broadening [10]. 

For the simulated setup, there is an Optical 

Spectrum Analyzer (OSA) component placed 

after each other component to check the effect 

of each stage on the spectrum of the light pulse. 

It is important to mention that the MZI is 

produced by the etched DC fiber that is placed 

between two SMF’s, where the etching results 

in producing a mode misalignment [1, 11]. 

 

Interferometers can be used to give information 

regarding temporal, spatial, and spectral 

domains, so the received signal from them can 

be specified in a set of quantities [12]. 

This is a proper way in order to detect any 

changes that occurs to the several parameters of 

the light pulse, such as frequency, bandwidth, 

and other parameters [12]. 

It should be mentioned that the etching process 

affects the number of propagating modes within 

the optical fiber, that is because the clad size to 

core size ratio is affected [13]. 

 

3. Method and procedure: 

It should be mentioned that the (HF) acid is 

usually used in optics laboratories since it has 

strong etching effect, and specifically when 

used on silica, which is the material most 

optical fibers are made from. So, the (HF) 

acid can be used for decreasing the diameter. 

This procedure is affected by the duration it is 

performed, which means that etching for a 

longer time period removes more thickness of 

the optical fiber layer compared to that 

removed in shorter time duration [14 – 18]. 

For the suggested simulated setup in this 

work, the diameter of the DC fiber is 

reduced by etching it using HF acid in three 

steps, where these steps are acquired by 

changing the etching time durations as (10, 

20, 30) minutes. Setup consists of components 

that are described: 

 

 

4. Simulated setup: 
The setup that was simulated in this work is as 

shown below in figure (1)

 

 

 

 

 

 

 

 

 

Figure (1): Schematic diagram of simulated setup. 
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4.1 Pseudo Random Bit Sequence Generator: 

This generator is utilized to produce a random 

sequence of 1’s and 0’s to act as a power feeder 

to the laser source, that is because producing a 

laser is a random process. 

 

4.2 NRZ Pulse Generator: 

This generator is used to provide the necessary 

pulses encryption that is required by the laser 

source to operate properly 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): spectrum of laser source 

 

4.3 Laser Measured: 

This is the pulsed laser source in the setup, it has 

a peak power of 1.23 m. W, and a wavelength of 

1546.74 nm. Its spectrum is as shown in figure 

(2)  

4.4 SMF: 

There are 2 SMF’s in the setup, where each one 

of them is connected to one end of the DC fiber. 

4.5 DCF: 

This is the main component in the setup, where 

its diameter is changed 3 times and for each 

case, the readings are taken to acquire the 

desired results. 

The default DC fiber without etching is as 

shown in figure (3) below, where it is 

considered as the first case of four cases. For 

each case, multiple readings are taken, 

including: 

1- Power at the receiver. 

2- Amplitude at the receiver. 

3- The optical spectrum at various points. 

 

 

 

 

 

 

 

 

 

Figure (3): Schematic diagram of DC fiber. 
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4.6 PIN Photodiode: 

Positive – Intrinsic – Negative (PIN) photodiode 

is used to detect the optical pulse by changing it 

from optical to electrical form, which means 

changing it from intensity to amplitude and 

power. 

 

4.7 Band Pass Gaussian Filter: 

This filter is utilized to take only the required 

spectrum into account, any part of the spectrum 

outside the frequency response of this filter will 

be attenuated and filtered out. 

 

4.8 Optical Spectrum Analyzer: 

There are several (OSA) components in the 

setup, where each one of them shows the 

spectrum of the pulse at a specific point. It is 

most useful to acquire information about power 

budget and bandwidth budget. 

 

4.9 Electrical Power Meter Visualizer: 

This visualizing component shows a numerical 

value, which is most useful when the power 

difference in two cases is rather low such that it 

is hard to be detected in graphical visualizers. 

 

4.10 Oscilloscope Visualizer: 

This component is used to acquire a visual 

reading of the amplitude of the pulse at the 

receiver end of the setup. 

5. Results and discussion: 

The simulated setup shown previously is run 4 

times (one for each etching duration), and for 

each one of those times, the resulting graphs are 

shown, where figure (4) below shows the 

spectrum of the pulsed laser after passing 

through the 1
st
 SMF. 

 

 

 

 

 

 

 

 

 

 

Figure (4): Spectrum of the pulsed laser after passing through first SMF 

Figure (5) shown next illustrates that the 

attenuation of the etched DC fiber is affecting 

the spectrum of the pulse in a nonlinear fashion, 

where for example it is shown here that the peak 

power is reduced. It’s important to mention that 

the spectrum suffers from attenuation in all 

parts, and not just the peak value.

         

 

 

 

 

 

Figure (5 (a and b)): OSA after DC fiber for (a) no etching (b) etching for 10 minutes 

a)) b)) 
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(c)      (d) 

Figure (5 (c and d)): OSA after DC fiber for (c) etching for 20 minutes (d) etching for 30 minutes 

Output peak power is an essential parameter 

for designing the optical BPF, which is 

affected by the attenuation characteristics of 

the optical fiber (0.2 dB/km in an SMF) and 

the other essential parameter in designing is 

dispersion, where it is (18 ps / nm . km). These 

two parameters are labelled in the c-band 

optical communication system. Figure (6) 

demonstrates that the 2
nd

 SMF offers spectrum 

attenuation and slight dispersion as well, 

where the coupler is made from SMF-28 in 

any optical fiber visualizer.  

     

 

 

 

 

 

 

 

 

 

 

 

  

Figure (7) here shows that the voltage peak to 

peak value gets affected as well by etching the 

DC optical fiber, where the lowest value here is 

for the etching duration of 20 minutes, that is 

because the effect is nonlinear regarding the 

etching time. 

 

 

 

 

 

 

c)) d)) 

Figure (6): OSA after 2
nd

 SMF for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

(a) 

(d) 

(b) 

(c) 
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Figure (7): Oscilloscope after receiver for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

The average power is altered as well by the 

effect of etching the DC optical fiber, which 

can be clearly seen from figure (8) below

 

 

 

 

 

 

 

 

 

Figure (8): Power meter after receiver for (a) no etching (b) etching for 10 minutes (c) etching for 20 

minutes (d) etching for 30 minutes 

Table (1): Comparison between the four cases of etching durations 

Case 

Etching 

time 

(minutes) 

Remaining 

diameter 

(µ. meters) 

FWHM 

(n. meters) 

Peak to Peak 

Voltage 

(n. Volts) 

Peak Power 

(dBm) 

Average power 

(n. Watts) 

1 0 125 0.22 0.480 -18 79.384 

2 10 84 0.21 0.460 -18 70.519 

3 20 72 0.17 0.500 -17 88.360 

4 30 54 0.20 0.225 -20 23.320 

a)) 

c)) 

b)) 

d)) 

(d) 

(a) 

(c) 

(b) 
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6. Conclusions 
Narrow optical PBF was obtained from an 

etched DC fiber MZI that has 170 pm Full 

Width Half Maximum (FWHM) with highest 

average power of 88.36 n.W in the case of 20 

minutes etching time, and a fiber length of 5 cm 

because the maximum excitation to the higher 

order modes in the second cladding region 

occurred, and the surrounding media is air, so 

four different refractive index distributions 

happened gradually from its highest value at 

core region (n = 1.5247) to its lowest value of 

surrounding media (which is air n =1)
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تصوين فلتر ضوئي هن نوع هعبر الحسهة الوسطية بإستخدام هُداخل هاخ زندر هن ليف ضوئي ثنائي 

 لفضاء الحرفي االغلاف للإتصالات الضوئية 

 

 حرير صفاء هنصورت  ههند غازي خويس

 

 بغذاد / انؼشاق –يؼٓذ انهٍضس نهذساساث انؼهٍا / خايؼت بغذاد 

 

يٍ َاحٍت إسخؼًال َٕع يًٍض يٍ انهٍف انضٕئً رٔ انغلاف انًضدٔج سٌادي  صَذس-ذاخم ياخحصًٍى نًُظٕيت ي  : الخلاصة

ٔانزي يٍ انًًكٍ حُفٍزِ ببساطت بشكم ػًهً حى الخشاحّ ٔيحاكاحّ فً ْزا  ٌحخٕي ػهى حٕصٌغ يخذسج نًؼايم الإَكساس

 انؼًم. انخصًٍى انًمخشح صغٍش، ٔسشٌغ، ٔيٍ انسٓم انخؼذٌم ٔإخشاء انفحٕصاث ػهٍّ.

ً حاكىانخصًٍى  حى بُاؤِ يٍ َٕع  انزي َإَيخش ٤٢١٣.٥١ِ يشكضطٕل يٕخً ٌبهغ  رٔ صَذس-ذاخم ياخي   ػهى حخٕيٌ ان

انفخحت انؼذدٌت الأٔنى . انفخحاث انؼذدٌتانزي ٌحخٕي ػهى لًٍخاٌ يخخهفخاٌ يٍ  رٔ انغشاء انًضدٔج يٍ انهٍف انضٕئً يًٍض

سٕف حذػى إَخشاس أحادي انطٕس بٕاسطت يشكض انهٍف، أيا انفخحت انؼذدٌت انثاٍَت فخذػى الإَخشاس انًٕخً انًخؼشج )يخؼذد 

ذاخمالأطٕاس( فً يُطمت انغشاء الأٔل. انزسا  ً حكٓا حى  )انهٍف انضٕئً رٔ انغشاء انًضدٔج( ع انًخحسست انخاصت بان

بطٕل ( ياٌكشٔيخش ٢١، ٥٧، ٤١نلألطاس، ٔحبهغ ) يخخهفت ثلاثت لٍى% حًط ٍْذسٔفهٕسٌذ نهحصٕل ػهى 00بإسخخذاو 

 سى. 5لذسِ 

مشاءاث ننحصٕل ػهى ااانًُظٕيت ٔسخؼًانٓا نًحاكاة احى  (Optiwave 15 & Optigrating 4.2.2)بشايح انًحاكاة 

خً حى انحصٕل ػهٍٓا حظٓش بأٌ ن( دلائك، ٔأٌضاً نحانت ػذو انحك إطلالاً. انُخائح ا٠١، ٧١، ٤١نهفخشاث انثلاد يٍ انحك )

كبش ػهى أداء انُظاو لأسخؼًانٓا بكفاءة نفحص أي يٍ حالاث انحك نذٌٓا انخأثٍش ااخً حًج يحاكاحٓا يٍ انًًكٍ نانًُظٕيت ا

 .فٕنخٍت الإشاسة، ٔانمذسة انًسخهًتٔنكايم، ٔبانزاث يٍ َاحٍت ػشض انحضيت، ا

 


