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ABSTRACT 

 
     In this paper,we introduce a new model, of long-period fiber grating, by taking  the value 

of ambient refractive index greater than the refractive cladding index, where the difference 

between them must equal(≈0.2).The results show the change in power attenuation coefficient, 

where it increases with the increase in   refractive ambient index. The power attenuation 

coefficient shift shows a dramatic change of a sharp increase from  0.00dB to ≈ 0.03788dB 

and 0.00dB to ≈ 0.04675dB and 0.00dB to ≈ 0.06875 dB. Here this model is used as sensor 

for shifting in input signal (15nm, 5nm).  
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انخارجي في انمحسز انهيفي ذو انفترة نمحيط ا بتغيير معامم انكسارإزاحت طيف الإرسال 

 انطويهت

 
 فــراث يونـس عبد انرزاق
Furat_al2006@yahoo.com. 

 جايعت انًىصم قسى هُذست انبشيجُاث
 

 
 انخلاصـت

نهًحُط  يٍ انًحضص انهُفٍ رو انفخشة انطىَهت, يٍ خلال اخز قًُت يعايم الاَكساسآ جذَذآ فٍ هزا انبحث قذيُا ًَىرج     

 .≈(2.0, بحُث َكىٌ انفشق بُُهًا َساوٌ )ُفٍ رو انفخشة انطىَهتهاكبش يٍ يعايم الاَكساس نقششة انًحضص ان انخاسجٍ

، حُث إٌ يعايم انخىهٍُ َضداد يع انضَادة فٍ يعايم الاَكساس نهًحُط انقذسة يعايم حىهٍُنحاصم فٍ انخغُش ا بُُج انُخائج

) نًحضص ا نقششة ونكٍ ضًٍ يذي يعٍُ َخُاسب يع يعايم الاَكساس ششةانخٍ حكىٌ أعهً يٍ يعايم الاَكساس نهق انخاسجٍ

نقذ حى  .(0.06875dB ≈إنً 0.00dBو  0.04675dB ≈إنً 0.00dBوdB 2.23000 ≈إنً dB2.22َضداد يٍ 

             ,5nm) .(15nm  فٍ أشاسة الإدخال نلاصاحتكًخحسس  هزا انًُىرج اسخخذاو 
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    1-Introduction: 
     

     Fiber Optic Gratings or Fiber Bragg Gratings (FBG) were first reported in 1978 by Hill et 

al. However, such devices only attracted the researcher’s attention in1989, when new 

production techniques allowed their use with optical communication wavelengths. Several 

methods exist for FBG production, among them the direct phase mask writing and phase 

mask interferometers stand out[1,2]. 

     A new class of fiber grating called Long Period Fiber Grating (LPFG) was demonstrated 

by Vengsarkar et al in 1996.The name is due to the refractive index change periodicity from 

100µm to 700µm, about 100 times larger than the values employed for FBG formation. This 

difference makes possible the use of amplitude masks instead of phase masks, resulting in 

lower manufacturing costs when compared to the FBG production’s costs. Besides this, the 

LPFG presents other surpassing characteristics such as low insertion losses, low back 

reflection, relatively simple fabrication, and a high sensitivity to changes in physical external 

parameters. These features made the LPFG outstanding devices for application such as band 

rejection filters and gain equalizing filters in optical communication, beyond its wide 

applicability as a fiber optic sensor. 

      A long-period fiber grating, which couples light from fundamental guided core mode into 

co-propagating cladding modes at various wavelengths. The LPFG have also been used as 

gain-flattening filter and as optical fiber polarizer. Unlike FBG the cladding mode 

configuration of the LPFG is extremely sensitive to the refractive index of the medium 

surrounding the cladding, thus allowing it to be used as an ambient index sensor. The 

wavelength at which the coupling from core to cladding modes takes place is directly 

dependent on the difference between the core and cladding indices, the dimensions of the 

core and cladding and grating period, and any change in these values can shift the 

transmission spectral profile [1, 2, and 3].  

 

2-Long-Period Fiber Grating(LPFG): 

 
     Long period gratings are fiber optics based devices made up of periodic changes in core’s 

refractive index [2]. Photo induced long-period fiber gratings (LPFG) with periods 

mLLPG 32 1010  . LPG is transmission grating in which the coupling is between forward 

propagation core and cladding modes, propagation in the same direction. Typically in a single 

mode fiber (see figure 1) an LPFG couples the fundamental guided core mode to a co-

propagating cladding mode at a coupling (or resonance) wavelength [1, 2]. 

 

 

 

 

     

 

 

 

  

 

 

 

LP

G Cladding  

Λ 

Fundamental 

Guided mode 

Grating length 

Outer layer   Nam 

jacket 

Core  

Fig.1 Long-period fiber grating 
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     The excited cladding mode attenuates in the coated fiber part after the grating, which 

results in the appearance of resonance loss in the transmission spectrum.  

     The interaction of one mode of a fiber with other modes is commonly described with the 

help of coupled-mode theory in which only two modes are supposed to be nearly phase-

matched and capable of resonant coupling. Based on this theory, quantitative information 

about the coupling coefficients and spectral properties of fiber grating can be obtained [4, 5, 

6, and 7].  

 

3-Results and discussion: 
 

     Here, we use matlab program version 6.5 to simulate and design the transmission 

characteristics of an LPFG coupler[1].  

 )/())((sin))((cos)( 222/122222/1222 dhdhzddhzzR                             (1) 

 )/())((sin)( 222/12222 dhdhzhzS                                                        (2) 

where )(zR  and )(zS  are the normalized energies of the core and cladding modes, 

respectively, h is the coupling coefficient , d is The normalized frequency.  

At the exact resonance d=0 gives a sinusoidal law of the energy exchange, showing a 

possibility of mutual energy transfer from one mode to another[1]: 

)(cos)( 2 hzzR                                                                                                                   (3) 

)(sin)( 2 hzzS                                                                                                                   (4) 

     The effective indices of the cladding modes  c l a d

e f fn  are dependent on the cladding index 

and the index of the surrounding (outer) ambient environment ( amn )(see fig.1). This means 

that the nth cladding mode coupling wavelength will change as the index of the surrounding 

environment changes. Cladding modes are most accurately calculated using three-layer 

modes for case of clad

clad

effam nnn    and irradiated part within one grating period =0.5e
-3

m 

[1]. In this paper we focus on modeling of the leaky configuration (i.e. when nam> nclad ).   

    In the two-layer model, the power attenuation coefficient of the first order cladding mode 

being calculated over a wide range of nam . Figure (3) shows that the most sensitive regions 

are when nam  is close to nclad  and when nam  changes from 1.279  to  1.489 (i.e. ∆n≈ 0.2).  

 

 

     

 

 

 

 

 

 

 

 

 
    

 Fig.(3) Effect the surrounding medium 

 
Fig.(4) Effect the surrounding medium 
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  The power attenuation coefficient shift shows a dramatic change from a sharp increase of 

0.00 dB  to a sharp of  0.03788 dB. This “switching property “, in this sensitive region, has a 

potential application in optical communications and optical sensors(i.e. work region of our 

LPFG model will be only in sensitive region).  

     Fig.(4) shows the same effect result but with change to the core refractive  index, cladding 

refractive index and surrounding refractive index  (nam>nclad ).From the equation (5)[1], show 

the relationship between input signal wavelength and index ambient :- 

cladamLPGwavelength NNLA                                                                                            (5) 

   Where A is fiber core area(1-10)µm
2
. From the above equation we can design our the 

LPFG modeling  in order to be used as a sensor. Our model consists of index ambient (1.4 to 

1.48) range from, that is larger than cladding index (i.e. ∆n≈ 0.2 ). Figs(5,6,7,8) show our 

model, where this figs show effective index ambient( eff

ambN )on power attenuation coefficient, 

we notice a dramatic change and sensitive region and power attenuation coefficient value at 
eff

ambN ≈ 1.61.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(6) Modeling index ambient  
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Fig.(5) Modeling index ambient  
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Fig.(8) Modeling index ambient  
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Fig.(7) Modeling index ambient  
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     From the figs and the table above notice the difference between cladding refractive index 

and surrounding refractive index must be ∆n≈ 0.2, i.e. working region will be in sensitive 

region ( eff

ambN > cladN ).we will use our model as a sensor(shift transmission spectrum profile). 

   Figs.(9,11,13) illustrate the input signal  power of LPFG.  

   Figs.(10,12,14) present the shift process for transmission spectrum (output signal     

   power of LPFG). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

)(nmeff  cladN  rangNamb  eff

ambN > cladN  n  

1523 1.4 1.4213-1.61852 1.618524689 0.2185246 

1533 1.42 1.4365-1.61767 1.617679101 0.1976791 

1543 1.43 1.4472-1.60636 1.606366659 0.1763666 

1553 1.44 1.4568-1.61602 1.616022964 0.1760229 

Table (1) Wavelength used in modeling  
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Fig.(10) shift transmission spectrum 
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Fig.(9) transmission spectrum 
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Fig.(12) shift transmission spectrum 
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     From figs above, we notice shift to transmission spectrum profile (input signal of LPFG). 

This shifting depends on many parameters ,......),,( cladamLPG NN . In our  modeling  we 

focused on surrounding refractive index, to take any point from transmission spectrum we 

notice  the shift value to the wavelength  ≈ 15nm that equal 10* eff

ambN ≈ 16.1.(example: 

figs.(9,10) the value at the wavelength 1510nm  in input signal become the same value at 

shift wavelength 1525nm in output signal that  shift wavelength equal ≈ 15nm ). Therefore, 

we will control on the shift wavelength to the input signal LPFG (rang fiber optical 1500nm 

to 1600nm) through the surrounding refractive index, in the other word LPFG is working as 

sensor. 

     The table (2) shows some examples in shift wavelength: 

 

 

Input 

wavelength 

eff

ambN > cladN  Output shift 

wavelength 
cladN , coreN  Different wavelength 

1510nm 1.618524 1525nm 1.4    , 1.43 1526-1512=15nm 

1555nm 1.617679 1570nm 1.42  , 1.44 1570-1555=15nm 

1530nm 1.606366 1545nm 1.43  , 1.41 1545-1530=15nm 

     

     We take another example in shift transmission spectrum through taking another model 

from effective surrounding refractive index to power attenuation coefficient. Figs. (15, 16) 

show effective index ambient on power attenuation coefficient, we notice a dramatic change 

and sensitive region and power attenuation coefficient value at eff

ambN ≈ 1.44.  

 

     From the figs.(15,16) and the table(3) notice the difference between cladding refractive 

index and surrounding refractive index must be ∆n≈ 0.2, i.e. working region will be in 

sensitive region ( eff

ambN > cladN ). we will use another  model as a sensor (shift transmission 

spectrum profile). 
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Fig.(14) shift transmission spectrum 
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Fig.(13) transmission spectrum 

Table (2) shift Wavelength.  
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)(nmeff  cladN  rangNamb  eff

ambN > cladN  n  

1520 1.25 1.2113-1.423 1.42311011 0.211810 

1545 1.35 1.2136-1.466 1.46632101 0.232721 
 

Figs.(17,19) illustrate the input signal  power of LPFG.  

Figs.(18,20) presents the shift process for transmission spectrum profile(output signal power 

of LPFG). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(15) Modeling index ambient  

 

Fig.(16) Modeling index ambient  

 

Table (3) Wavelength used in another  modeling  
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Fig.(18) shift transmission spectrum 
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Fig.(17) transmission spectrum 
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     From figs. above, we notice shift to transmission spectrum profile (input signal of LPFG). 

This shifting depends on many parameters ,......),,( cladamLPG NN . In another   modeling 

we notice  the shift value to the wavelength  ≈ 5nm that equal 3.5* eff

ambN ≈ 5.04.(example: 

figs.(17,19) the value at the wavelength 1585nm  in input signal become the same value at 

shift wavelength 1590nm in output signal that  shift wavelength equal ≈ 5nm ). Therefore, we 

will control on the shift wavelength to the input signal LPFG  through the surrounding 

refractive index, in the other word LPFG its working as sensor. 

     The table(4) show some the example in shift wavelength: 

 

 

 

Input 

wavelength 

eff

ambN > cladN  Output shift 

wavelength 
cladN , coreN  Different wavelength 

1585nm 1.423 1590nm 1.25 , 1.2566 1590-1585=5nm 

1580nm 1.466 1585nm 1.35 , 1.3566 1585-1580=5nm 

 

4- Conclusions: 

 
     In this paper, We have presented the LPFG model by changing the ambient refractive 

index higher than cladding refractive index (nam>nclad ). The results may come up with  many 

points: 

1. The first model (figs.5, 6, 7, 8) works over a wide range (1.4-1.6).i.e. many inputs at the 

same time. 

2. The second model (figs 15, 16) works over a wide range (1.2-1.4).i.e. many inputs at 

the same time. 

3. is presented effective ambient index to LPFG working where the difference between 

cladding refractive index and surrounding refractive index in our two modeling must be 

equal to ∆n ≈ 0.2. 

4. In first modeling, the best working point, is when power attenuation coefficient is of a 

higher value ≈ 0.03788 dB.  

 

Table (4) shift Wavelength.  

1.5 1.51 1.52 1.53 1.54 1.55 1.56 1.57 1.58 1.59 1.6

x 10
-6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

wavelength (m)

o
u

tp
u

t 
p

o
w

e
r 

o
f 

L
P

F
G

 (
d

B
m

)

shift transmission spectrum

Fig.(20) shift transmission spectrum 
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Fig.(19) transmission spectrum 
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5. In second modeling, the best working point, is when power attenuation coefficient is of a 

higher value ≈ 0.04675 dB and ≈ 0.06875 dB.  

   6- LPFG its working as sensor, therefor the input signal to this device is shifted, depending 

on the value of surrounding refractive index. In our two modeling shift values of  the 

wavelength are equal 10* eff

ambN ≈ 16.1 and 3.5* eff

ambN ≈ 5.04.    

 

    7- In two our modeling notice power attenuation coefficient dependent on core index and 

clad index not only on surrounding refractive index, therefore, the shift value to input 

signal depends on this parameters, any change to this parameters causes change in the 

shift value of LPFG input signal wavelength.       
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