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Abstract: Narrow laser pulses have been essential sources in optical communication system. High data 

rate optical communication network system demands compressed laser source with unique optical 

property. In this work using pulsed duration (9) ns, peak power 1.2297mW, full width half maximum 

(FWHM) 286 pm, and wavelength center 1546.7 nm as compression laser source. Mach Zehnder 

interferometer (MZI) is built by considering two ways. First, polarization maintaining fiber (PMF) with 

10 cm length is used to connect between laser source and fiber brag grating analysis (FBGA). Second, 

Nested Mach Zehnder interferometer (NMZI) was designed by using three PMFs with 10 cm length. 

These three Fibers are splicing to single mode fiber (SMF-28) that has 5cm length. Both designs are 

etching in Hydrofluoric acid HF 40 percent concentration with three different duration time (10,20 and 

30) min. Tunability of this pulsed laser source can be chained after applying different mechanical 

weights (0,10,50,100,250,500) g are applied to two areas across the fiber; the cross section and splicing 

regions. It was possible to observe, the maximum excitation of higher order modes for compression 

factor (FC) was found in splicing region which it is 1.02. this value is recorded under 500g that subjected 

to the fiber that has 10cm length with 30 min etching. In addition, the thickness cladding was 72.8  µm. 

also, the maximum peak power for both designs is 90.124 µw and wavelength center is 1546.817 nm. 

 

Keywords: pulse compression, nested fiber interferometer, HF fiber etching, Much Zehnder 
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1. Introduction 

 

optical systems have been an important 

target by many researchers. Because, it has 

been applied in many fields. Optical fibers 

are uses in different applications like fiber 

sensing, spectroscopic analysis, optical fiber 

laser, and optically filtering [1]. The 

Compressed laser source is an essential part 

for high data rate communication system in 

the applications of network fiber sensing and 

wavelength division multiplexing. In this 

experiment, panda polarization-maintaining 

fiber(PMF) was used, which is a special type 

of single mode fiber, designed to transmit 

only one polarization of the input light. It has 

a high birefringence with predetermined 

slow and fast axes. Specification 

(PMF)operating wavelength range (1440-

1625) nm, cutoff wavelength (1370nm), 

extinction ratio (23) db. [2,3]. The 

interferometer was subjected to different 

mechanical forces to compress the optical 

pulse out from the interferometer and 
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develop a low cost, narrow optical communication source. In (2018), Surat  

Hussain implemented a pulse compressor 

using a tunable Mach-Zehnder 

interferometer made of 7 and 19 hollow fiber 

optic photonic cells after applying 

mechanical forces along the fiber cross-

sectional area to obtain a compression factor 

(FC) equal to 2 and 4 for 7- and 19-cell 

hollow core optical crystal fibers (HC-PCF) 

respectively [4]. In (2019), Haseda, Yuki 

Pulse wave signals were measured by POF-

FBG and silica-FBG sensors for four 

subjects. After signal processing, a 

calibration curve was constructed by partial 

least squares regression[5]. In Ali A. 

Dawood used 7 and 19 HC-PCF cells to 

build the Mach-Zehnder interferometer, but 

they replaced the air holes with fibers with 

25% dilute acrylic acid with 75% ethanol 

and were able to achieve FC = 4.9[6]. in 

(2021) using Bara H Muter a tunable narrow 

pulse laser source using polarization-

preserving fibers using the comsol multi-

physics dynamic simulation model, version 

(5.5) to obtain a compression factor (FC) 

equal to (1.1) [7]. 

In this paper, two ways are considered to 

design (MZI). The first method is single 

fiber (10) cm with different etching 

(10,20,30) min. The second method is 

(NMZI) with same etched that mentioned 

in first method. In section 2, the 

methodology and procedure are explained 

deeply. The results are discussed in section 

3 with graphs. The paper ended with 

conclusion in section 4.  

1. methodology and procedure 

  Optical pulse laser source launched to 

PM-Mach Zehnder Interferometer. PM-

MZI was building by using PMF with 

three constant (10) lengths cm 

sandwiching between two standard single-

mode optical fibers (SMF-28e) with length 

(5) cm with different etching (10,20,30) 

min. PMF is design in two ways. the first 

case the single fiber and other case 

(NMZI)with etched each two cases The 

single PM-MZI consists of one PM-MZI 

that means two micro cavity splicing 

regions (MCSRs), one cavity length (Lc), 

the mechanical force in (g) was varied 

from (0,10,50,100,250,500) (g) applied on 

the interferometer micro–cavities splicing 

regions in two cases. The mechanical force 

was used to tune the phase of the optical 

signal on one arm of the PM-MZI. The 

applied forces-imposed stress on the fiber 

caused elongation in the length of the 

fiber. The amount of the fiber elongation 

can be calculated using equations 

(1)(2),(3) [1]. 

the strain = 
  

 
  

       

             
     

 

(1) 

 

stress = Force (N) / Area (m)   

 

(2) 

 

F = m × G 

 

(3) 

 

where:  

L is the original length.  

   is the change in length. 

F   is the force applied in (N).  

A is the cross-sectional area in (m
2
).  

M is the value of the standard weight mass 

used to induce mechanical force. 

G is the gravitational acceleration. 

The obtained experimental results of strain 

measurement will be divided according to 

the change length of Polarization 

maintaining fibers that used in 

interferometers. The values of the mass in 

g were converted to the force in N, this 

conversion process has been evaluated 

according to equation (3). The increase in 

the force that applied on the micro-cavity 

leads to an increase in the strain When the 

force was applied on PM-MZI cavity in 

case single PMF and NMZI The 

elongation for micro cavity splicing region 

will be reducing of the geometric 

parameters of PMF, this change of 

parameters caused decreased the group 

velocity for all modes which propagated 

through the core and cladding. In case 

NMZI switch has a balanced structure, in 

which the optical path lengths are equal in 

the three main interference arms, as a 

result, the bandwidth of the optical process 

is not limited by the converter structure, 

that is, broadband performance can be 

achieved. In general, the interference 
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pattern depends on the optical path length, 

the offset between the two arms of the 

interferometer because the base mode has 

a higher effective index than cladding 

mode [8]. For the above reasons, we have 

to calculate the values of the phase 

differences that give us the three-arm 

synchronous photon propagation of the 

NMZI as equation (4) [9,10]. 

The phase different between the cladding 

and core mode is described by: 

∆Φ=
  

     
                                                         

(4)  

Where L is the interaction length in cm.         

The intensities the cladding and core modes 

    measured function wavelength of 

physical length. 

I(λ)=      +2√      cos (∆Φ )              

    (5) 

Where I1+I2 are the mode intensities of    

core and cladding modes. 

The change in the effective refractive index 

of the mode can calculated by. 

∆neff= nxeff – nyeff                                                                  

    (6)    The beat length, LB, can be 

calculated in direct relation to the refraction 

B using equation (7).      

LB = 
  

  
 = 

 

 
                                                                               

      (7) 

where Δβ is the difference between the x 

and y components of the wave 

propagation constant along the PMF and 

nx, ny is the effective refractive index as a 

function of the wavelength of both the x 

and y polarization component [11]. 

In other hand the important parameter as a 

part of fiber characteristics was fiber 

dispersion, because etching fibers and 

applied force cause multipath in fiber. 

There is multipath dispersion inside each 

arm of NMZI, Rays disperse in time at the 

output end of the fiber where they were 

coincident at the input end and traveled at 

the same speed inside the fiber, this can be 

estimated by considering the shortest and 

longest ray paths. The sensing area in the 

design is represented by the Multimode 

fiber because of use of different refractive 

index result etched PMF. the normalized 

frequency must be obtained according to 

the following equation (8): 

V=2
  

 
√  

    
                                      

(8)   

Where V is normalized frequency [12]. 

Where a is core radius, λ is wavelength 

central. In (nm). 

The narrower pulse in time domain has the 

wider spectrum in spatial domain is a very 

well-known concept in communication. 

Therefor the figure of merit of this study is 

characterized by the Temporal 

compression factor which is the ratio of 

input signal full width at half maximum to 

the output signal full width at half 

maximum. 

Fc= FWHM i/p / FWHM o/p                              (9)                                                                                                        

The temporal FWHM can be obtained 

from the spatial FWHM using the 

equation: 

FWHM ((temporal) =  
     

                 
       

(10)                                                          

where: λc central wavelength in nm. 

 

c is the speed of light in vacuum [13]. 

In this experiment In addition to the use of 

force applied to two areas in the fiber, the 

fibers were etched by Hydrochloric acid 

(HF) of 40 % concentration was used 

experimentally to etch the polarization 

maintaining fiber for three different time 

periods ranged from (10,20,30) min. each 

step 10min. polarization maintaining fiber 

has two stress cores parallel to each other. 

When etching period take longer duration 

a portion of the two stress cores will be 

removed and as a consequence; new form 

of optical fiber will be developed at the 

etching region. it is important to inform 

that only 2-3 cm of PMF was etched not 

the whole 10cm [14]. 

The work was the installation of two 

designs. The first is the single fibers, three 

fibers, each fiber 10 cm long, with 
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different etching time of (10, 20, 30) min, 

and the authority of different weights 

(0,10,50 100, 250, 500) on each fiber and 

on two areas of the fibers (cross section 

and splicing region) It is the same as the 

above fibers (SMF), The second design is 

the same as the first case fibers with the 

same specifications mentioned and the 

supplied force, but in the design (NMZI) 

as block diagram in the below 

Figure (1): Schematic diagram of Nested PM-MZI 

 

Figure (2): photograph image of the etched PM-NMZI experiment 
 

In this study was used the pulse laser 

source has peak power 1.2297mW, full 

wave half maximum (FWHM) 286 pm, 

and wavelength centered at 1546.7 nm. 

The measured output wave length, peak 

power, FWHM, by type from Thorlabs 

(fiber Bragg grating analysis) Bay spec- 

FBGA, as in figure (2) 

 

Result and Discussion 

 

The result divide into two parts, the first 

part is the two designs (single fibers, 

NZMI) etched without applied force and 

the second part with applied force. 
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A. Results for etching effect 

 

The laser beam profile is characterized by 

its linewidth which is calculated by taking 

the Full Width at Half Maximum 

(FWHM) of intensity distribution of laser 

beam versus wavelength. This work 

recorded the effect of etching on FWHM.  

which showed efficient temporal pulse 

compression for communication networks. 

The detected peak power was increased 

with etching for the whole constant fiber 

length samples, this result arises promising 

application for the etched PM-MZI in 

refractive index sensing because the 

etching process of PMF modified the 

effective refractive index for the optical 

fiber. In general, it is known for fiber 

sensors; the polarization rotation along 

optical fiber reduces the accuracy of them. 

Therefore, the obvious power increasing 

with longer etching duration while the 

central wavelength is almost fixed can 

provide more accurate measurements. 
Table (1) show the results the wavelength, 

peak power, FWHM and compression factor 

after the different time etched (10,20,30) to 

PMF single fiber and NMZI. Note that the 

length of the fiber used was (10) cm. 

 

Table (1): The change of PMF and NMZI under the etching effect for three-time durations. 

 

When etched PMF the refractive index changes 

in the cladding. This phenomenon shows the 

Fiber diameter after etching is change causes 

different refractive index in the surrounding 

and can be applied to measure the RI new. 

When chemical etching ends- the cladding 

diameter of thinned PMF is obtained about 

72.8µm after the etched 30 min. It is worth 

noticing that ∆n is decreased after chemical 

etching. The benefit of this process is to make 

all the laser beam inside the core and thus 

increase temporal pulse compression for 

communication networks. 

The effect of the time periods for etching 

on fiber we can observe in Figure (3-a,b,c) 

relationship with wavelength ,peak power 

and Fiber diameter. 
 

Table (2): show the effect etching to the fiber 

thickness.  

 

Time of etching Fiber diameter 

after etching 

(µm) 

 

Refractive 

index 

10min 112.1 1.3876 

20 min 88.3 1.36253 

30min 72.8 1.34122 

 

 

 

 

 

 

Etching period 

(min) 

λc(nm) Po(mW) FWWH 

(pm) 

FC Normalized 

frequency (V) 

10 min 1546.708 0.769 246 1.1 136.56 

20 min 1546.725 0.752 227 1.2 158.44 

30 min 1546.853 0.696 155 1.8 174.90 

NMZI with 

etching 

(10,20,30) min  

 

1546.884 0.188 210 1.3 - 
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Figure (3-a): The relationship between time etching and fiber diameter (μm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (3-b): The relationship between time etching and peak power.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (3-c): The relationship between time etching and wavelength 

 

B. Results for force effect with etching 

fiber 

 When the force was applied on PM-MZI as 

single fiber and nested which is etching. The 

first case single fiber is the elongation for 

micro cavity splicing region of PM-MZI will 

be reducing of the geometric parameters of 

PMF, this change of parameters caused 
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decreased the group velocity for all modes 

which propagated through the core and 

cladding for the fiber and the reducing in 

parameters of fiber will be changed on the 

parameters of pulse that propagated through 

the fiber. The output spectra of PM-Mach 

Zehnder Interferometer due to the force 

effect, that was obtained by applying 

different values of force 

(0,10,50,100,250,500) on the micro- cavity 

of PM-MZI with three constant length and 

different etching time (10,20,30). The 

increase in the force applied to the micro-

cavity leads to an increase in the FWHM. 

The highest spectral width 280 (pm) has 

been gained when the PMF was 10 cm 

length and time etching 30 min applied 

weight 500 g on micro cavity splicing 

regions. The second case NMZI the high 

result record, when applied weight 500 g in 

splicing region which FWHM 271(PM), 

compression factor 1.05. 

The output spectrum of the PM-Mach 

Zehnder interferometer was visualized by 

using Bay spec -FBGA, after applying 

different mechanical weights, on their micro 

cavities splicing regions, to measured optical 

power, wavelength center shift, FWHM, as 

shown in figure (4-a,b,c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4-a): The spectrum of the output laser source PM-MZI after applying different weights in case PMF 

length 10cm and time Etching 10 min on micro cavities  
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Figure (4-b): The spectrum of the output laser source PM-MZI after applying different weights in case PMF 

length 10cm and time Etching 20 min on micro cavities.

 

 

 

 

 

 

 

 

Figure (4-c): The spectrum of the output laser source PM-MZI after applying different weights in case 

PMF length 10cm and time Etching 30 min on micro cavities. 

 

The increase in the force applied to the 

micro-cavity leads to an increase in the 

FWHM. The highest spectral width 280(pm) 

has been gained when the PMF was 10 cm 

length, time etching 30 min and 500 g 

weights applied on micro cavity splicing 

regions as show in figure (5-a). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(5-a): The Full Width Half Maximum 
variation of PM-MZI with (10cm), time etched 
(10,20,30) and different forces applied on micro 
cavities splicing regions. 

Figure(5-b): The peak power variation of PM-

MZI with (10 cm),time etched (10,20,30)min  and 

different weights applied on the micro cavities 

splicing regions. 
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Figure(5-c): The wavelength variation of PM-MZI with (10 cm) and time etched (10,20,30) different 

weights applied on the micro cavities splicing region 

The wavelength shift of the PM-MZI 

spectrum is very clear due to the different 

values of weights applied on the micro-

cavity splicing region as shown in figure 

(5-c). 

 

4. Conclusion 

The main points that can be concluded 

from this work are, the MZI micro-cavities 

shows high interference and good 

sensitivity and are thought to be caused by 

the large force that is applied to a small 

area and also because of the etch.  After 

etch 10 cm from PMF with (HF) of 40 % 

concentration was used experimentally to 

etch the polarization maintaining fiber, 

these results to give rise to the possibility 

of getting narrower temporal pulses for 

communication applications. when the 

PMF was 10cm in length, etch 30 min and 

the force (0.00489N) applied on micro 

cavity splicing regions cause the 

compression factor 1.01 because this fiber 

has two stress members which make it 

highly sensitive to any physical effect. 
When comparing this experiment with 

previous experiments in the same field, the 

following becomes clear: The fibers used 

in this experiment are short in length and a 

small number of adaptors, and accordingly 

we get the least losses, less dispersion, the 

best temporal compassion factor, and a 

smaller size (MZI) in terms of the lengths 

of the linked fibers. In addition to using 

(NMZI) with applied weights and etch 

fiber. which gave good results in terms of 

wavelength, peak power and FWHM. 
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ضغط النبض الشهني باستخذام استقطاب الكسوة الوشدوجت للحفاظ على هقياص التذاخل هاخ 

 سنذر الوتذاخل بالألياف
 احوذ عذافه كزين         تحزيز صفاء هنصور

 

 يؼٓذ انهٛضس نهذساساخ انؼهٛا، جايؼح تغذاد، تغذاد، انؼشاق

 
كاَد َثعاخ انهٛضس انعٛمح يٍ انًصادس الأساسٛح فٙ َظاو الاذصال انثصش٘. ٚرطهة َظاو شثكح الاذصالاخ  الخلاصت:

( 9) َثعّٛانعٕئٛح راخ يؼذل انثٛاَاخ انؼانٙ يصذس نٛضس يعغٕغ تخاصٛح تصشٚح فشٚذج. فٙ ْزا انؼًم تاسرخذاو يذج 

ns،  1.2297ٔلٕج انزسٔجmW،  انكايهح انمصٕٖ  انؼشضَٔصف(FWHM) 286،  ٙ1546.7ٔيشكض انطٕل انًٕج 

ٚرى  أٔلاً،يٍ خلال انُظش فٙ غشٚمرٍٛ.  Mach Zehnder (MZI)َإَيرش كًصذس نٛضس نهعغػ. ذى تُاء يمٛاط انرذاخم 

سى نهشتػ تٍٛ يصذس انهٛضس ٔذحهٛم شثكح الأنٛاف انعٕئٛح  11( تطٕل PMFاسرخذاو أنٛاف انحفاظ ػهٗ الاسرمطاب )

(FBGA .)،ًذى ذصًٛى يمٛاط انرذاخم  ثاَٛاNested Mach Zehnder (NMZI)  تاسرخذاو ثلاثحPMFs  سى.  11تطٕل

سى. كلا انرصًًٍٛٛ يحفٕس فٙ ذشكٛض  5( ٚثهغ غٕنٓا SMF-28ذمٕو ْزِ الأنٛاف انثلاثح تانشتػ إنٗ أنٛاف أحادٚح انًُػ )

( دلٛمح. ًٚكٍ ظثػ لاتهٛح ظثػ 31ٔ 21 ،11فٙ انًائح يغ ثلاز فرشاخ صيُٛح يخرهفح ) HF 40حًط انٓٛذسٔفهٕسٚك 

( جى ػهٗ يُطمرٍٛ ػثش 1،11،51،111،251،511يصذس انهٛضس انُثعٙ ْزا تؼذ ذطثٛك أٔصاٌ يٛكاَٛكٛح يخرهفح )

انًمطغ انؼشظٙ ٔيُاغك انشتػ. كاٌ يٍ انًًكٍ يلاحظح أٌ ألصٗ إثاسج لأٔظاع انرشذٛة الأػهٗ نؼايم انعغػ  الأنٛاف؛

(FC ذى انؼثٕس ) ْٙٔ انرٙ  ذسهٛطٓا ػهٗ الأنٛافجى انرٙ ذى  511. ٚرى ذسجٛم ْزِ انمًٛح ذحد 1.12ػهٛٓا فٙ يُطمح انشتػ

. كًا أٌ ألصٗ لذسج شياٚكشٔير 72.8تهغد سًاكح انكسٕج  رنك،دلٛمح. تالإظافح إنٗ  31سى يغ َمش  11ٚثهغ غٕنٓا 

 َإَيرش. 1546.817ٔيشكض انطٕل انًٕجٙ  µw 91.124نهزسٔج نكلا انرصًًٍٛٛ ْٙ 


