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Abstract  

In this paper, a design of optical filters based on single mode-multimode-single 
mode fiber structure (SMS) is demonstrated. The multimode interference effect can 
be utilized to design wavelength-selective devices with high extinction ratio. The 
proposed optical filters are realized by using standard optical fibers.  

Two optical filters are designed to operate with wave division multiplexing 
(WDM) communication system in two channels at wavelength of 1310 nm and 1550 
nm. First filter has power transmission of -0.253/-35 dBm at wavelengths of 
1310/1550 nm respectively while, second one has power transmission of -32 / -1.35 
dBm at wavelengths of 1310 /1550 nm respectively. In addition, power transmission 
curves, spectral response curves, and propagation field of SMS structure in two and 
three dimensions are plotted. 
Keywords: Optical filters, Multimode interference, self-imaging, single mode – mul-

timode – single mode structures and WDM-PON. 
     

متعدد  -  النمط أحادي ألیاف مرتكز على تركیب ةبصری اتتصمیم جدید للمرشح 
 البصریة الألیافللاتصالات   النمط أحادي-الأنماط 

   الخلاصة
متع دد  -ال نمط  أحادي ألیافتم  وصف تصمیم مرشحات بصریة مرتكز على تركیب في ھذا البحث 

تعمل عل ى   أجھزةلغرض تصمیم   الأنماطالتداخل متعدد  تأثیر یمكن الانتفاع من  .النمط أحادي-الأنماط
 الألی  افاس  تخدام المرش  ح البص  ري المقت  رح انتف  ع م  ن   . عالی  ة إخم  ادم  ع نس  بة  ألم  وجيانتق  اء الط  ول 

   .البصریة المعیاریة
  ( الموجی  ة تقاس  یم الأط  والت م تص  میم مرش  حین بص  ریین ل  یعملا ف  ي منظوم  ة اتص  الات خل  ط   

(WDM رش ح المُ. نانومتر 1550 و  انومترـن 1310في القناتین ذات الطولین الموجیین ) الأول )الفلت ر 
عل ى   ن انومتر  1550/  1310الم وجیین    الط ولین   عن د  dBm 35-/ 0,253- إل ى ل ھ   نفاذی ة مس اویة    

/  1310عن د الط ولین الم وجیین       dBm 1,35-/32-المرش ح الث اني فل ھ نفاذی ة مس اویة       بینم ا  التوالي 
و ومنحنی  ات  ك  ل م  ن منحنی  ات النفاذی  ة ت م رس  م   ,ذل  ك إل  ى بالإض  افة.  ن  انومتر عل  ى الت  والي   1550

    . الإبعادثلاثیة و تركیب  بصورتیھ ثنائیة انتشار المجال داخل الو الاستجابة الطیفیة 
 
1. Introduction 

he enormous potential of 
WDM technology is widely 
used in today's telecommunica-

tion networks. However, the economi-
cal factor makes WDM systems         
available only for application in long-
haul systems with demand for high 
capacity (the order of Tbit/s) [1]. In 

WDM transmission systems, wave-
length multiplexers  / demultiplexers   
play   essential roles in combining / 
separating information  carried by  
different  wavelengths. Of particular 
interests to optical telecommunica-
tions are the 1310 nm and 1550 nm 
windows. In fiber-to-the-home 
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(FTTH) services, these two windows 
are used to carry data / voice and vid-
eo, respectively [2].  Using  such  a  
system    telecom   operators  would 
be able to multiplex  various technol-
ogies / services via one fiber,  for  ex-
ample, Ethernet for  data  services an-
dA single mode-multimode-single 
mode (SMS) fiber structure is a com-
bination of two different types of opti-
cal fiber, where a short length of mul-
timode fiber (MMF) is sandwiched 
between  input and output single mode 
fibers (SMFs). The light injected  
from the input SMF excites multiple 
modes propagating in the MMF. Inter-
ference occurs between these modes 
(multimode   interference) and as a 
result, the nature of the light reaching 
the output SMF is dependent  on  a  
number of physical parameters, such 
as refractive index, core diameter and 
the length of the MMF section. This 
dependence gives SMS fiber struc-
tures great potential STM-4 for tele-
phony  applications, or  multiplex  
several physical (e.g. Ethernet)  links 
for the purpose  of  greater  capacity 
and / or reliability [3]. 
for use as sensors or  other  compo-
nents, such  as optical filters in optical 
Multimode interference (MMI) in 
multimode waveguides has  interest-
ing self - imaging properties,  which-
have extensively investigated and uti-
lized in many integrated optical devic-
es. The MMI effect can be utilized to 

design wavelength -selective devices 
with high  extinction ratio or This 
paper presents  a new type of optical  
filter based on an  SMS fiber structure 
which    an   input     field  profile  is  
reproduced  due  to  constructive  in-
terference  to  form  single  or  mul-
tiple  images of the single mode input 
field at periodic intervals along the 
propagation direction of the guide.  In 
SMS fibers structure, where multi 
mode interference in the multimode 
section leads to the formation of a 
self-image of the single mode fiber 
excitation onto the output single mode 
fiber core[9]used to obtain simulation 
results. One SMS fiber structure is 
optimized to provideoptical filters 
spectral re sponse  for   WDM com-
munication system. and introduces 
this optical filter into optical fiber 
communication system (e.g. WDM - 
PON). Self - imaging in symmetrical-
ly excited multimode optical fibers is 
simulated to explore the effects of 
MMF  length  on  SMS  fiber   device 
characteristics. To simulate optical 
field propagation in SMS fiber struc-
tures, the beam propagation method 
(BPM) used to obtain simulation re-
sults. One SMS fiber structure is  op-
timized to provide optical filters  ac-
tive controllable devices by refractive 
index modulation [8].  Self - imaging 
can defined  as  a property of multi-
mode waveguides by

2. Wavelength Sensitivity of the 
SMS Structure 

The present optical filter consists 
of a multimode fiber placed between 
two single mode fibers as shown in  

and excites all the modes sup-
ported by the MMF. Single images of  
the  SMF  input signal  will appear 
along  the  MMF  at  periodical 

intervals  along  its  axis,  due  to  
the   interference between the modes 
as they propagate along the MMF      
[4, 5] 

The coupling loss of the SMS fi-
ber structure depends strongly on the 
length of the MMF but  it  is   also   
wavelength sensitive.   Correspon-
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dingly,  with  the approximation of 
propagation constants, the transmis-
sion of SMS fiber structure can be 
calculated by [9]: 
 
 
 
 
 
 
 
Where, cm is the excitation coefficient 
of each mode and M is excited mode 
number of the multimode fiber. It can 
calculate by: 
      M = V/π                                   (2) 
And, 

 
  
 
Where, V is the normalized frequency, 
a is the radius of the multimode fiber 
core, nco is refractive index of multi-
mode fiber  core  and  ncl  is  refractive  
index  of   multimode fiber cladding  
and λ is the wavelength of light in the 
free-space. 

 
By substituting                                  

in the approximation (1) can be re-
written as below: 
 
 

 
 
 
 
where g(λ,z)=  λz/16 nco a2, and; 
 
 

 
 
 
 

where E(r,0) is the input light to the 
multimode fiber and Fm is the field 
profile of LP0m. In other words, due to 
the circular symmetric characteristic 
of fundamental mode of the single-
mode fiber, the input light is assumed 
to have a field distribution of E(r,0). 
When the light launches the multi-
mode fiber, the input field can be de-
composed by the eigenmodes of 
{LPn,m} the multimode fiber. Due to 
the circular symmetric of input field 
and an ideal alignment assumed 
above, only the LP0,m modes can be 
excited [9]. 
According to MMI theory, the peak 
wavelength of a MMI device is given 
by [5]: 

 
 
 
 
Where, L is the length of the MMF 
and p is the self-image number. As 
shown in Eq. (6), the peak wavelength 
response of the MMI filter can be se-
lected by simply changing the  length 
of  the  MMF. An additional advan-
tage when changing the length of the  
MMF  for  optimizes the optical band 
of filter, a linear wavelength response 
of the MMI device is obtained. 

    
3.  Simulation Results 

As an example to illustrate the de-
sign process, an optical filter with wa-
velength range for WDM-PON net-
work from 1310 to 1550 nm was cho-
sen. This range was chosen as it cor-
responds to the typical centre wave-
lengths for two wavelength passive 
optical network [10]. The SMS struc-
ture formed from standard silica opti-
cal fibers. The standard single mode 
fiber (SMF-28) is chosen as the sin-
gle-mode   fiber   section, of   which    
the parameters are: the refractive in-
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dex for the core and cladding is 
1.4504 and 1.4447, respectively, at 
wavelength 1550 nm and 8.3/125 µm 
core/cladding diameters [9].  The 
standard step-index multimode fiber 
has a 62.5/125 µm core/cladding di-
ameters with refractive index of 
core/cladding  are 1.491/1.4654 at 
1300 nm [11].  

The simulation is done by using 
BMP software to numerically simulate 
optical field propagation in different 
SMS fiber structures. In the simula-
tion, the optimization of optical filter 
response is done by changing the 
length of the MMF. According to the 
simulation results,  the  MMF  length  
is   further   optimized to L = 13.8 mm 
in order to achieve the best transmis-
sion power at wavelength 1310 nm 
and lower transmission at wavelength 
of 1550 nm.  Also, optimizing MMF 
length L=11.65 mm in order to 
achieve the best transmission power at 
wavelength 1550 nm and lower 
transmission at wavelength of 1310 
nm.  The propagating fields of first 
filter (length of MMF is 13.8 mm) at 
wavelengths of 1310 nm and 1550 nm 
is shown in Fig.(2).  It is clear that (in 
MMF section) self-imaging of the in-
put field takes  place  so  that  at  peri-
odic intervals, a single image of the 
input field is reproduced. This occurs 
at distance of 4442 µm and 8884 µm 
from starting of MMF section at wa-
velength of 1310 nm as shown in 
Fig.(2-c). Multi-fold images of the 
input field can also be found, for ex-
ample, fold images can be found at 
2300, and 8970 µm. It can be seen 
from Fig.(3-c,d), The self-imaging 
occurs at specific lengths only for cer-
tain wavelengths. 

Fig.(3) represent the transmission 
power through the SMS structure for 
first optical filter (length of MMF is 
13.8 mm) at wavelengths of 1310 nm 
and 1550 nm.  From Fig.(3), it can be 
note that  the  transmission of SMS 
structure with MMF length of 13.8 
mm  is 94.5%    at wavelength of 
1310 nm and 0.0315 %   at wave-
length of 1550 nm.  

Fig.(4) shows the optical filter 
spectra response as a function of wa-
velength from 1250 to 1610 nm. At 
wavelength of 1550 nm, the output 
power of SMS structure is equal to -35 
dBm. At wavelength of 1310 nm, the 
output power of SMS structure is 
equal to (-0.245 dBm). There is about 
5.5% of energy loss during propaga-
tion.  If the length of the multimode 
fiber changes a little   from 13.8 mm   
to 13.86 mm, corresponding optical 
power spectrums will be a little left 
shift (dashed lines). It can be seen that 
the power at the output increased  a  
little  from  -0.245   to -0.027 dBm at 
1310 nm, while; the power at the  out-
put  increased  from -35 dBm to -25.5 
dBm at 1550 nm. That is the reason 
why the length of the multimode fiber 
is chosen equal to 13.8 mm rather than 
L=13.86 mm for proposed optical fil-
ter. 

The propagating fields of second 
filter (length of MMF is 11.65 mm) at 
wavelengths of 1310 nm and 1550 nm 
is illustrated in Fig. (5). It can seen 
that the field amplitude at output of 
SMS structure is high at 1550 nm as 
shown in Fig.(5-b). While the ampli-
tude of field is very low and field will 
lost in the cladding. The power trans-
mission of an SMS structure with 
multimode fiber length of 11.65 mm is 
illustrated in Fig.(6).  From Fig.(6), it 
can be note that the transmission of 
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SMS structure with MMF length of 
11.65 mm  is 73.2% at wavelength of 
1550 nm and 0.0627% at wavelength 
of    1310 nm.  Fig.(7)  shows the  opt-
ical power spectrum as a function of 
wavelength from 1250 to 1610 nm. At 
wavelength of 1550 nm, the output  
power  in the outputs of SMS structure 
is equal to -1.35 dBm. There is about 
27% energy loss during the propaga-
tion. At wavelength of 1310 nm, the 
output power of SMS structure is 
equal to -32 dBm. In fact, the spectral   
response of proposed filter is not flat 
and has a band-pass type response, 
where the band-pass peak wavelength 
corresponds to the wavelength value 
where   the self-imaging distance is 
exactly equal to the multimode section 
length. In other   words, it can provide 
an optical filter response with a rea-
sonable discrimination range. These 
features of proposed optical filters 
make it use optical fiber communica-
tion systems especially in wave divi-
sion multiplexing - passive optical 
networks (WDM-PON) operate with 
two wavelengths (1310 nm and           
1550 nm). 
5. Conclusions  

In conclusion, a simple optical    
fiber filter based on the MMI pheno-
menon of self-imaging was investi-
gated. The MMI effect can be utilized 
to design wavelength -selective devic-
es with high extinction ratio. The   
optical  filter was  utilized composed 
of single mode - multimode - single 
mode fiber structure. The optical fil-
ters were realized by using standard  
optical fibers. The transmission spec-
trum of the two different optical filters 
at 1310 nm and 1550 nm were plotted, 
from which the device was found  to  
be suitable for optical fiber communi-
cation system. First one has power 

transmission of -0.245 /-35 dBm at 
wavelengths   of   1310 / 1550 nm   
respectively and second one has pow-
er transmission  of  -42 / -1.55 dBm  at 
wavelengths  of      1310 / 1550 nm.     
Additionally, the device is quite sim-
ple and    relatively   inexpensive  
when   compared  with  other  optical  
filters   techniques. 
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Table 1: Properties of first optical filter with MMF length of 13.8 mm. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

  
 
 
 
 
 
 
  
  
 
  
  
  

LMMF= 13800µm MMF length(µm) 
1310nm 1550nm Wavelength (nm) 
94.5% 0.0315% Transmission (%) 
-0.245dBm -35dBm Output power (dBm) 
0.245dB 35dB Extinction ratio (dB)    

LMMF  = 11650µm MMF length(µm) 
1550 nm 1310 nm Wavelength (nm) 
73.2% 0.0627% Transmission (%) 
-1.35 dBm -32 dBm Output power (dBm) 
1.35 dB 32 dB Extinction ratio (dB)    

Figure (1): Schematic configuration of the single-mode–multimode–
single-mode fiber structure. 

Table 2: Properties of first optical filter with MMF length of 11.65 mm. 
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Figure(2): The propagating fields of first filter (length of MMF is 13.9 mm) at wave-
lengths of 1310 nm and 1550 nm. (a) & (c) Propagating fields at 1310 nm in 
two & three dimensions respectively,  (b) & (d) Propagating fields at 1550 
nm in two & three dimensions respectively 
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(b) 
Figure (3): represent the transmission power through the SMS structure with 

MMF length of 13.8 mm. 
a) at wavelength of 1310 nm 
b) at wavelength of 1550 nm. 
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Table 1: Properties of first optical filter with MMF length of 13.8 mm.     
  

Figure(4): represent the transmission and output power  spectrums of optical filter 
with MMF length of 13.8 mm. 

a) Transmission versus wavelength 
b) Output power versus wavelength 
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 Figure (5): The propagating fields of first filter (length of MMF is 11.65 mm) at wavelengths 

of 1310 nm and 1550 nm. (a) & (c) Propagating fields at 1310 nm in two & three 
dimensions respectively,    (b) & (d) Propagating fields at 1550 nm in two & three 

dimensions respectively 
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Figure(6): represent the transmission power through the SMS structure with MMF 
length of 11.65 mm. 

a) at wavelength of 1310 nm 
b) at wavelength of 1550 nm. 
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Figure(7): represent the transmission and output power  spectrums of optical filter 
with MMF length of 11.65 mm. 

a) Transmission versus wavelength 
b) Output power versus wavelength 
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