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I. INTRODUCTION 

The optical coupler is a basic element for application in 

optical switches, optical modulators, optical tunable filter, and 

so on. Especially in recent year, applying the concept of 

optical couplers for multiplexers / demultiplexers design has 

attracted a lot of attention. Therefore there is an increasing 

interest in study of waveguide devices using various passive, 

linear and nonlinear materials whether they are in the form of 

crystal, amorphous or polymer[1]. 

In this paper, we present the measurement and analysis of 

loss in the connection of optical fibers via the optical 

directional couplers. In this experiment, we built directional 

couplers. Each directional coupler is built by taking 2 plastic 

optical fibers are polished their surface then joint them 

together. Recently, the plastic optical fibers is interesting in 

current communication and computer systems because they 

have low cost, high flexibility and easy to handle[2]. 

In our analysis, we analysis the measured loss of the 

directional couplers at the various the curvature of them. We 

applied simple ray optics to a 2-D optical waveguide model as 

[3] because of the optical directional coupler with core fiber 

does not have a perfect circular cross section at the connection 

area.  

II. THEORY 
A. Optical Directional coupler 

Optical directional couplers are built by taking two fibers 

are polished down until the fiber core is just exposed then 

placed together so that the polished areas are in contact, with a 

little index matching fluid at joint. The evanescent fields in the 

two fibers then overlap, so power is transferred between them 

much as in the integrated device. This arrangement is known 

as a polished fiber coupler, and is shown in fig.1 [4].   

Fig.1 A polished fiber directional coupler. 

Basic concept of optical coupler is based on the distribution 

of evanescent field in the fundamental mode of light in optical 

fiber with the power transmission in reflection of higher order 

mode[5]. Coupling or the power transmission depends on a 

distance between core and the shortest length of parallel core 

but have the other parameters are concerned coupling.  

B.The coupled-mode theory 

The coupled-mode theory assumes that the modes of each 

of the waveguides, in the absence of the other, remain 

approximately the same, say zjyu 11 exp  and  

zjyu 22 exp , and that coupling modifies the amplitudes 

of these modes without affecting their transverse spatial 

distributions or their propagation constants. The amplitudes of 

the modes of waveguides 1 and 2 are therefore functions of z ,

1za  and  
2za .  The theory aims at determining 

1za

and
2za under appropriate boundary conditions. 

The amplitudes 
1za  and  

2za  are governed by two 

coupled first-order differential equations  
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Equations (1.1) and (1.2) are called Coupled-Mode Equation. 
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are coupling coefficients.  

Here, we consider two parallel planar waveguides made of 

two slabs of widths d , separation a2 , and refractive indices 

1n  and 
2n  embedded in a medium of refractive index 

n slightly smaller than 
1n  and 

2n , as illustrated in fig.2. 
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Fig.2 Coupling between two parallel planar waveguides. At 

1z  light is mostly in waveguide 1, at 
2z  it is divided equally 

between the two waveguides, and at 
3z  it is mostly in 

waveguide 2[6]. 

C. Bound rays of fiber 

An optical fiber is illustrated in fig.3 . The core is assumed 

to have a circularly symmetric cross-section of radius ,

surrounded by the cladding is assumed unbounded. The core-

cladding interface is the cylindrical surface r = . Over the 

core, the axisymmetric refractive-index profile n(r) is either 

uniform or graded, and it takes the uniform value ncl in the 

cladding[7]. 

Fig.3  Nomenclature for describing circular fibers. Cartesian 

coordinates x, y, z and cylindrical polar coordinates r, , z are 

oriented so that the axis lies along the fiber axis. A 

representative graded profile varies over the core and is 

uniform over the cladding, assumed unbounded. 

The step-profile fiber has the refractive-index profile 

defined by 

                 rnrn co 0,)(                      …(4.1) 

                 rnrn cl ,)(                      …(4.2) 

where
clco nn . We now determine ray paths with in core. 

The angle z and  are spherical polar angles relative to 

the axial direction PQ in fig. 4, which also shows the angle 

between the incident and reflected rays and the normal. By 

taking projections, the three direction angles are related by 

                     sinsincos z
                              …(5) 

Fig.5 Angles for describing reflection of a ray incident at P on 

the interface of a step profile fiber. Relative to the normal PN, 

the angle of incidence or reflection is . Both incident and 

reflected rays make angles 
z

, with the axial direction PQ, 

and  in the cross-section between the tangent PT and the 

path projection, i.e. PR for reflected ray. 

Fig.5 Zig-zag paths within the core of a step index-profile 

planar waveguide for (a) bound rays and (b) refracting rays. 

Fig.6 Path length Lp and ray half-period zp for a ray in the core 

of a step-profile planar waveguide. 

The path length Lp between successive reflections is the 

distance PQ. This is useful in the absorption problems by 

geometry 
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where ray invariant is  

                       
tclzco nn coscos                 …(7) 

D. Multi-fiber coupler 

The way in which the input fiber 1 is distributed amongst 

the output fibers is governed by the insertion loss L  where L
is defined by  
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Here
iP  is the power flowing in the ith input fiber and 

jP  is 

the power flowing in the jth output fiber. 
jP  will always be 

less than iP  for two reasons ; first, because of the splitting of 

the input power amongst the output fibers, and secondly 

because there will inevitably be some loss of optical power 

within the device itself. The total power loss is described by 

the so-called excess loss (EL) where [8]  
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Fig.7 Schematic representation of a four port (2x2) fiber 

coupler. Power flowing in either fiber 1 or 2 will be distributed 

in some predetermined ratio into fibers 3 and 4.  

III. MEASUREMENT AND ANALYSIS 

 In our experiment, we built directional couplers. 

Each directional coupler is built by taking 2 plastic optical 

fibers are polished their surface then joint them together with 

epoxy. The fiber, is used in the experiment, is a step index 

plastic fiber with a 980-µm core diameter and a numerical 

aperture of 0.5. We set apparatus for the experiment as fig.8. 

Fig.8 Schematic of the experimental apparatus. 

The power of each the output port (P1,P2) is 

measured by a power meter at the various curvatures. Then, 

we take the measured power to calculate the insertion loss and 

the excess loss. 

 In section of analysis, we applied simple ray optics 

to a 2-D optical waveguide model [3] as mentioned above. In 

fig.9 shows a schematic cross section of the directional 

coupler. The position of the propagating light on fiber axis is 

defined by angle .  Angle  is made by the path length 

of meridional ray with transmission angle . Coupling 

coefficient k ,ignore the lapping depth of the core at zero, 

is expressed by 
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here the mode conversion is denoted as .

Intensity functions ,A  and ,B  are written as 

,,1, BkAkA   …(11.1) 

,,1, AkBkB   …(11.2) 

Thus, the output powers of the main fiber and the branching 

fiber are denoted as P1 and P2 , they can be expressed formally 

as 
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Fig.9  Schematic cross section of the directional coupler. 

IV. RESULTS 
From the experimental results, when we change the 

various radius curvatures of directional coupler then the losses 

have different values. In fig.10 show the graph of the power of 

each the output port (P1,P2) is measured by a power meter at 

the various radius curvatures. In Fig.11 show the graph of the 

insertion loss of each the output port (P1,P2) at the various 

radius curvatures. The losses reverse variation with the radius 

curvature of directional coupler. The excess losses have a 

tendency same as the insertion losses as be shown in fig.12. 

V. CONCLUSION 
 The loss of directional coupler decreases when the 

radius curvature increases. These experimental results 

associated with [3] but in this paper used devices that easily 

finded and have low cost such as LASER diode (LD) and 
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plastic optical fibers (POF). Recently, the plastic optical fiber 

is interesting for communication system. However, the plastic 

optical fiber has very high attenuations thus in the future, the 

optical directional coupler can be improved. 

Fig.10 The power of each the output port (P1,P2) at the various 

curvatures of the directional coupler.  

Fig.11 Experimental results of the insertion loss at the various 

curvatures of the directional coupler. 

Fig.12 Experimental results of the insertion loss at the various 

curvatures of the directional coupler.  
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