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Abstract: In modern optical communication system, noise rejection multiple access interference (MAI) must be 

rejected in dense access network (DAN). This paper will study the dual optical band pass and notch filters. They 

will be extracted with tunable FWHM using 10cm (PMF) with different cladding diameters formed with etching 

125μm PMF after immersing it with 40% of hydrofluoric acid (HF). This fiber acts as assessing fiber to perform 

Sagnac interferometer with splicing regions that placed 12cm (SMF) for performing hybrid Sagnac 

interferometer that consists of Mach-Zehnder instead of Sagnac loop which is illuminated by using laser source 

with centroid wavelength of 1546.7nm and FWHM of 286 pm or 9 ns in the time domain. . Firstly, Three PMF 

with the same lengths but with different etching durations (10, 20 and 30) min. Secondly, each of these PMFs 

with different etching durations will affected under tunable stressing forces (10, 20, 50 and100) g applying on 

cross sectional area and two weights of (5, 10, 25 and 50) g putting on both micro splicing area separately. The 

minimum FWHM of dual optical band pass and notch filters at specific etching time with mechanical forces 

getting the best values equal to 123pm and 90pm, respectively. The study found that the HSI interferometer can 

be used efficiently as a narrow notch filter in integrated optical communication systems since it has high 

sensitivity in the pm range. 

Keywords: polarization maintaining fiber (PMF), single mode fibers (SMF), hybrid Sagnac interferometer 

(HSI), FWHM, dual band pass filter, notch filter. 

 

1. Introduction

The generation of ultra-short pulses (USPs) has 

received a lot of interest among researchers due 

to the fact that these pulses find potential 

applications in different fields of science, 

engineering and medicine [1, 2]. Interferometers 

have distinctive features such as small size, 

compactness, noise reduction, bandwidth 

optimization, simple and low coast 

implementation capabilities [3, 4], high 

sensitivity, fast response and immunity to 

electromagnetic field interference [5]. There are 

multiple forms of optical fiber interferometers, 

estimating the fiber Fabry–Pérot interferometer 

[1], Mach–Zehnder interferometer, Sagnac 

interferometer and the Michelson [6]. Hybrid 

inline fiber interferometers accentuate recently 

as they can enhance sensitivity to sub-pm range, 

as well as the possibility of selecting best 

scheme for compact hybrid inline fiber 

interferometers for the required application [7, 

8]. The polymer optical fiber sensor pumped by 

CO2 laser and achieved strain sensitivity of 28 

pm/με [9]. However, there are some drawbacks 

in the above mentioned interferometers such as 

complex constructions [7]. Optical fiber-based 

sensing systems not only require optical band-

rejection filters; all-optical signal processing, 

and optical microwave signal generation also do. 
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Especially, the notch optical fiber-based filters 

with limited rejection bandwidths, these are 

significantly preferred to enhance the detection 

limit of sensors and enlarge the sensing range 

[10]. Many intrinsic advantages such as 

electrically passive operation, remote sensing 

capability and immunity to electromagnetic 

interference [11–14]. Several configurations 

have been employed, such as fiber Bragg 

gratings (FBGs) [15, 16].  In 2015, Fahad M. 

Abdulhussein, et al. used two schemes for 

simultaneous measurements sensors, the first 

one is with dual FBGs peaks. Every FBG acts as 

sensing head. The first peak was used for 

temperature sensing and the obtained sensitivity 

is 10 pm/˚C and the second peak was used for 
temperature and pressure measurements with 

sensitivities 9.2 pm/˚C and 67 pm/ bar for 

temperature and pressure respectively [17, 18]. 

OFIs including Fabry-Perot interferometers 

(FPIs) [18–21], Mach-Zehnder interferometers 

(MZIs) [22–24] and fiber. Sagnac 

interferometers (FSIs) [25, 26] are good 

candidates for highly sensitive temperature 

sensors. 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) [27]. 

            
  

 
 

      

             
          

 

        
         

        
                                       

                                                               
 

Where: L, is the original length and fixed,    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 and G, is the 

gravitational acceleration. In previous our group 

studies, the micro splicing regions will be acts as 

a double convex lenses made from one materials 

(fused Silica), which produced collapse of 

splicing regions, so mechanical force will be 

changed focal length of the convex lenses. But 

the mechanical force that applied on cross 

sectional area will made filter elongations (∆L) 

that measures in micro strain [28]. 

Young’s modulus is the modulus of elasticity 
ranges from 66 Gpa to 74 Gpa for the SiO2 i.e. 
70 Gpa [29]. 

 After converting weights to force, the 
mechanical forces in this work were done by 
applying different forces (0.098, 0.196, 0.49, 
and 0.98) (N) on the interferometer micro–
cavities cross sectional area and applied (0.049, 
0.098, 0.245, 0.49) (N) on the micro cavity 
splicing regions of Pm-MZI.  

 

2. Experimental setups  

The hybrid Sagnac interferometer which consists 

of Mach-Zehnder instead as a loop that means 

two micro cavity splicing regions (MCSRs), and 

connected MZI by FC-SC adapter to the coupler 

×2 2 which will make Sagnac interferometer. 

Figure (1) shows the schematic diagram for the 

experimental setup for the tunable singe PM-

Mach Zehnder Sagnac interferometer. one cavity 

length (Lc) connected in the loop of Sagnac 

interferometer, the PMF had etched with the 

hydrofluoric acid (HF) of 40 % concentration, 

for (10, 20 and 30) min adding to case without 

etching. Then mechanical forces were varied 

from (10, 20, 50, and 100) g applied on the cross 

sectional area and to splicing regions separately 

with various weights (5, 10, 25, and 50) g. 

 

 

 
Figure (1): schematic diagram of (a) Sagnac with 

loop PM-MZI (b) how forces applied on 

cross sectional area and splicing region 

separately. 

The length of Sagnac interferometer totally 

(2.34m). And get more details about etching 

time with HF shows in Figure (2). 
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Figure (2): the stages of etching with HF of 40 % 

concentration. 

In this experiment, an optical pulse laser source 
launched to PM-Mach Zehnder Sagnac 
interferometer. PM-MZI was building by using 
PMF with the same lengths and different 
etching times, each of states will give different 
results according to change in mechanical 
forces as shown in figure (3). 

 

 
Figure (3): The experimental setup for Sagnac 

interferometer with loop MZI- PM. 

The thickness of PMFs cladding is varying 
according to etching time of the PMF by 40% 
of HF with durations (10, 20 and 30) min as 
shown in table (1), it measured by microscope 
with 40 X magnifications. 

 
Table (1): Fiber diameter with respect to etching 

time. 

Time of etching (min) Fiber diameter as a 
function of etching 

(μm) 

10 112.393 

20 72.532 

30 69.651 

 

3. Results and discussions  

The results divided into two parts, the first part 
is the relationship between the forces which 
applied on both cross sectional area and micro-
cavities splicing regions with FWHM of dual 
band pass and notch filters. The second part 
regarding the effects of etching PMF with 
different times on the previous results under the 
same tuning. 

 

The FWHM using HSI with PMF-MZ (as loop) 
got different results. The minimum FWHM for 
dual band pass and notch filters are 123 pm, 90 
pm respectively when etching at 10min with 
affecting by weights 100g on cross sectional 
area and same result was found when use 
etching at 10min with affecting by weights 10g 
on both splicing regions. The maximum 
FWHM for dual band pass and notch filters is 
315pm, 125pm respectively  was achieved by 
etching at 20min PMF and affected by weights 
50g on cross sectional and the same result was 
found when using etching at 20min PMF and 
affected by weights 25g on both splicing 
regions. All these results shown in the table (2). 

 
Table (2): maximum and minimum value of FWHM 

according to etching and stress. 

Etching 
PM 

(min) 

Force 
(N) 

FWHM of 
dual band 
pass filter 

(pm) 

FWHM 
of notch 

filter 
(pm) 

10 0.098 on 
splicing 
regions 

123 90 

10 0.98 on 
cross 
area 

123 90 

20 0.245 on 
splicing 
regions 

315 125 

20 0.49 on 
cross 
area 

315 125 

 

   Due to the high sensitivity of the 

interferometers, the experimental results of the 

hybrid Sagnac interferometer with loop PM-MZI 

under the effect of PM fiber etching for three 

different cladding diameters adding to original 

diameter before etching showed optical notches 

occurring in the optical FWHM of the input laser 

after getting out of interferometer, this 

promising result opens the door on using it as a 

very narrow optical notch pass filter. 
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All these results will show by the FBGA 

interrogator as a visualizer. 

The effect of two types of filter appeared in the 

output of setup because PMF has zero PMD 

(polarization mode dispersion) but this effect 

disappear by using long SMF (1m) or three 

paddles PC, so different SMF has large 

polarization mode dispersion (PMD) but PMF 

has zero (PMD), which can controlled by its beat 

length BL 

 

The first case using the PM without etching and 

applied the mechanical stress as shown in figure 

(4) which show signals and FHWM of dual band 

pass filter in the range (126 – 285) pm, and 

notch filter in range (95 – 114) pm. 

 

 
Figure (4): for PMF without etching connected to 
Sagnac loop adding to (a) weights on cross sectional 
area (b) weights on the splicing regions 

 

The second case using the PM with etching 

10min and applied the mechanical stress as 

shown in figure (5) which show signals and 

FHWM of dual band pass filter in the range (123 

– 293) pm, and notch filter in range (90 – 115) 

pm. 

 

 

 
Figure (5): for PMF 10min etching connected to 
Sagnac loop adding to (a) weights on cross sectional 
area (b) weights on the splicing regions. 

 

The third case using the PM with etching 20min 

and applied the mechanical stress as shown in 

figure (6) which show signals and FHWM of 

dual band pass filter in the range (137 – 315) 

pm, and notch filter in range (102 – 125) pm. 

.  
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Figure (6): for PMF 20min etching connected to 
Sagnac loop adding to (a) weights on cross sectional 
area (b) weights on the splicing regions. 

 

The forth case using the PM with etching 30min 

and applied the mechanical stress as shown in 

figure (7) which show signals and FHWM of 

dual band pass filter in the range (130 – 308) 

pm, and notch filter in range (99 – 122) pm. 

 

 

 

Figure (7): for PMF 30min etching connected to 
Sagnac loop adding to (a) weights on cross sectional 
area (b) weights on the splicing regions. 

 

When applied weight on cross sectional area of 
PM as part of MZI in the loop of hypbrid 
Sagnac interferomerter will get many results for 
FWHM( by tuning weights and etching). These 
results of FWHM will be increased by 
increasing etching time at the same weights. 

Regarding applied weights on both splicing 
regions  will get maximum result for FWHM at 
the same weights for PM with 20min etching , 
each of these results are summarized in the 
figure (8). 

 

 

 
Figure (8): The Full Width Half Maximum variation 
of HIS which contained PM-MZI as loop (a) for 
weights apply on cross sectional area (b) for weights 
apply on the both splicing regions. 

 

The peak wavelength is changed by tuning of 
etching adding to other parameters which 
contained weights and get two peaks and 
involving notch between them , these peaks will 
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be in different values from (1546.808 nm -  
1546.972 nm) , each of these results are 
summarized in the figure (9). 

 

 

 

Figure (9): The peak wavelength variation of HIS 
which contained PM-MZI as loop (a) for weights 
apply on cross connection area (b) for weights apply 
on the both splicing regions. 

 

In this paper took etching 10 min for PMF and 
make relation for result between forces (N) and 
the strain as show in figure (10) 

 

The FWHM results of notch filter at 10 min 

etching with weights on cross connection area 

are summarized in table (3). 

 

 

 
Figure (10): The relation between Mechanical force 
and strain (μԐ) (a) for weights apply on cross 
connection area (b) for weights apply on the both 
splicing regions. 

 

Table (3): FWHM of notch filter with respect to 

weights on cross connection area. 

Weights on cross 
connection area  (g) 

FWHM (pm) for of 
notch filter 

10 125 

20 128 

50 98 

100 90 
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The FWHM results of notch filter at 10 min 

etching with weights on splicing regions are 

summarized in table (4). 

 
Table (4): FWHM of notch filter with respect to   
weights on splicing regions. 
 

Weights on splicing 
regions (g) 

FWHM (pm) for of 
notch filter 

5 99 

10 90 

25 132 

50 134 

 

 

The FWHM results of dual band pass filter at 

different duration of etching with weights on 

cross connection area are summarized in table 

(5). 

 

Table (5): the result of FWHM of weights applied 
on cross connection area with different etching. 
 

Weights 
on 

cross 
area  (g) 

FWHM 
at no 

etching 
(pm) 

FWHM 
at 10 
min 
(pm) 

FWHM 
at 

20min 
(pm) 

FWHM 
at 

30min 
(pm) 

10  
278 266 137 308 

286 293 312 287 

20  
127 273 290 303 

156 290 271 137 

50  
279 141 315 134 

285 146 314 130 

100  
129 123 293 133 

158 124 271 132 

 

 

The FWHM results of dual band pass filter at 

different duration of etching with weights on 

splicing regions are summarized in table (6). 

 

 

 

 

Table (6): the result of FWHM of weights applied 
on splicing regions with different etching. 
 

weights 

on 

splicing 

regions 

(g) 

FWHM 

at no 

etching 

(pm) 

FWHM 

at 10 

min 

(pm) 

FWHM 

at 

20min 

(pm) 

FWHM 

at 

30min 

(pm) 

5 
282 127 285 139 

283 139 279 135 

10 
126 123 284 137 

157 124 278 138 

25 
129 274 315 138 

159 288 314 136 

50 
282 276 288 267 

282 287 276 294 

 

The highest peak power intensity value in watt 
per square meter was recorded result in the case 
of no etching is 74564.513 which equal to 
(914.58 µW) as peak power, in case of 10min 
etching (977.36 µW) in case of 20min (914.857 
µW) and in case of 30min (933.635 µW), the 
figure (11) show the peak power of HIS which 
contained PM-MZI as loop after applying 
different values of mechanical forces as 
different weighs applied on cross and splicing 
regions. 
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Figure (11): The peak power intensity variation of 

HIS which contained PM-MZI as loop (a) for 

weights apply on cross connection area (b) for 

weights apply on the both splicing regions. 

 

4. Conclusion  

In conclusion; a simple structure, low cost all 
optical notch pass filter was designed and the 
main point that the better filter with narrow 
FWHM for dual band pass filter and notch filter 
can be obtained by using hybrid Sagnac 
interferometer with MZI of PM as a loop with 
etching 10 min and affected by weights 100g 
(Force 0.98 N) on cross sectional area or by 
weights 10g (Force 0.098) on both splicing 
regions equal to 123 pm and 90 pm, 
respectively. These results are promising to 
make possible the acquisition of narrowband 
pass filters and slit filters for telecom 
applications. When the FWHM decrease in the 
frequency domain as it is increasing in the time 
domain that occurs because there is an inverse 
relationship between frequency and time. The 
average power decreased with increase the 
duration of etching PM in MZI due to change in 
FWHM of the output signal. It can be used in 
all optical integrated signal processing devices 
to reduce the electronics and their 
characteristics noise there by achieving higher 
data processing and transmission rates. 
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 ساوىياك باستخدام الالياف الضوئيت المحافظت عل الاستقطاب الىطاق البصري بواسطت اثتىغيم مرشح

 المحفورة
صفاء مىصورريسان محي الديه طاهر        تحرير   

 

 تغذاد / اٌعشاق –ِعهذ اٌٍٍضس ٌٍذساساخ اٌعٍٍا / جاِعح تغذاد 

 

فً هزا اٌعًّ، ذُ ذمذٌُ ِششح ذّشٌش إٌطاق اٌّرثآٌ اٌّسرٕذ  ظّٓ دائشج اٌسأٍان وذحرىي دائشذه عٍى ِمٍاط  الخلاصت:

صٔذس ٌىً ذعًّ ورىٌٍف ٌعٍٍّح أراج ِششح إٌطاق اٌثصشي   –اٌرذاخً اٌّرشاصف اٌّحافظ عٍى الاسرمطاب ِٓ ٔىع ِاخ 

تطىي  (SMF-28)و ستطه تٍٓ جضأٌٓ ِٓ  الاٌٍاف احادٌح إٌّػ ِٓ ٔىع   (PMF)سُ ِٓ هزا اٌٍٍف 10اٌعٍك. ذُ ذمشٍش 

طح  حاِط تىاس ((PMFسُ ( ٌٍىً ٌٍف وستطهّا تأسرخذاَ ذمٍٕه اٌٍحاَ اٌىهشتائً و لذ ذُ اصاٌه جضء ِٓ لطش اٌٍف 12)

ثأٍه تالاظافح ٌعًّ ذىٌٍف تىاسطح الاوصاْ 10% وعٍى ثلاز ِشاحً تفرشاخ ِرضاٌذج تّمذاس 40اٌهاٌذسوفٍىسٌه أسذ وترشوٍض 

(  ووزٌه عً ِٕاغمرٍٓ اٌٍحاَ اٌجأثٍح، ولذ ذُ اٌحصىي عً ِششح تصشي ظٍف  وتّذٌاخ PMFاٌّخرٍفح عٍى ِشوض اٌٍٍف )

غشاَ عً 100ثىأً ِع ذسٍٍػ اوصاْ تمٍّح  10ثٍد افعً  لٍاط  فً ِشحٍح الاصاٌح ٌّذج ِخرٍفح حسة اٌرىٌٍف وٌىٓ ذُ ذث

  FWHM غشاَ عًٍ ِٕطمرً اٌٍحاَ وذسجًٍ اظٍك ِمذاس ٌٍّششح و ِمذاس عشض اٌّىجح  10إٌّطمح اٌىسطٍح ٌٍٍف او 

اٌٍضس إٌثعً اٌّسرخذَ فً هزا  . عٍّا اْ ِصذساٌشك تٍىى ِرش ٌّششح 90تٍىى ِرش ٌٍّششحاخ اٌّضدوجح و  123ِساوٌا 

 ٔأىِرش. 1546.7تٍىى ِرش، وٌرشوض عٕذ اٌطىي اٌّىجً  FWHM   286ًٍِ واغ، 1.2296اٌعًّ ٌه رسوج ذثٍغ 

 


