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Abstract- The performance of optical fiber directional coupler depends upon the material dispersion and the 

change of temperature.  Usually, the directional coupler is designed by assuming that it is used with a specific 

temperature such as 300oK and a specific wavelength such as 1.55μm.  The directional coupler is used with 

different wavelengths and temperatures than that the specific values.  Therefore, with neglect the effect of 

temperature and change of operating wavelength there are errors in the performance of directional coupler as a 

power divider (error of output powers ), power combiner (error of output powers) and as a bandpass filter (error 

of  passband wavelengths). 

The propagation constants of the two fibers and the coupling coefficient between the two fibers are functions of 

the operating temperature and operating wavelength.    

The errors for as a power divider (as a combiner) are greater than the error for as a bandpass filter.  

As the germania ratio increases, the error value increases. Also as the absolute value of the difference between the 

wavelength and the reference wavelength increases, the error becomes more.  Also, this occurs with the 

temperature.   While as the coupler length (L) increases, the error of output power either increases or decreases.   

These errors can be minimized at certain operating and structure parameters of the optical fiber directional 

coupler.   
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I. INTRODUCTION 

The directional coupler is one of the most important component in integrated optic devices [1-4] and their 

applications still in the new researches [1,3,5]. It consists of two adjacent fibers (waveguides) which separated by 

very small distance (Fig.1).  It has several applications such as power divider , power combiner and bandpass 

filter. 

  
 

 

 

 

Fig.1 Cross section of two symmetrical optical fibers directional coupler 

The refractive indices of the two fibers of the directional coupler are functions of  wavelength (λ) , temperature 

(T) [6] and germania ratio ,x,  (ratio of germania, GeO2, doped to the silica in the core of fiber) [7].  As the 

temperature (T  oK) increases, both the core refractive index (silica doped germania, ng) and clad refractive index 

(pure silica, ns) are increased. While both ng and ns are lowered with wavelength (λ μm).  As the germania ratio, 

x, increases, the refractive index of core increases.  

The propagation constants of the two single mode fibers (β1 and β2) are determined by using the empirical 

equation with normalized frequency (V= 1.5 to 2.4) [8,9].  The values of β1 and β2 are functions of T and λ. 

The coupling coefficient (C) is evaluated by using the coupled mode theory (CMT) [10-12].  In this method the 

two fibers directional coupler are treated as a two individual waveguides.  A general formula for the coupling 
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coefficient is done.  The value of C depends strongly on both the wavelength (λ) and the refractive indices of the 

two fibers. So, C depends upon material dispersion (MD) [13] and temperature (T).  

As the wavelength increases, the coupling coefficient (C) increases but the propagation constant (β) decreases, 

while vice versa with the effect of temperature. 

The input optical power to the directional coupler (Pi1) transfers between the two fibers of the directional coupler 

(Po1 and Po2). The values of Po1 and Po2 are functions of C and Δβ (where Δβ = β1-β2), also on the length of 

coupler (L).  Therefore, Po1 and Po2 are functions of λ and T.  In case of β1=β2, the input power can be completely 

transferred from one fiber to another and the output power affects by C and L only.  

The performance of optical directional coupler has an error, if the refractive indices of the fibers are considered 

constant value (which evaluated at reference wavelength, λr =1.55μm and reference temperature, Tr=300oK) 

without material dispersion and change of temperature.   

The directional coupler can be used as multi windows bandpass filter or reject band filter according to the coupler 

length   

In this study,  

The effects of  T, MD, x and L on the performance of directional coupler as a power divider and as a bandpass 

filter are studied with and without the effect of material dispersion and change of temperature.  

With neglect the effect of material dispersion and change of temperature, there is a weak error in coupling 

coefficient (RC). This error increases with large values of │λ-λr│ and │T-Tr│.  But the error in propagation 

constant (Rβ)  is very weak.  

The simulation results showed that negligence of the effect of both dispersion and temperature occur very little 

error at certaines values.  

To confirm this concept, a numerical example of two single mode optical fibers directional coupler is studied.  

The coupler consists of, two symmetrical fibers with core radius (a = 4μm), central to central cores distance 

(d=10μm), the core material from silica doped germania (with germania ratio, x= 0.025), clad material from pure 

silica and the coupler length L= 500μm.   

II. MATHEMATICAL ANALYSIS 

II.1. Refractive index, normalized frequency , radius of fiber and coupling coefficient  

II.1.1 Refractive indices (ng and ns), material dispersion (MD) and normalized frequency (V) 

Effect of temperature (T), germania ratio (x) and wavelength (λ) on the refractive indices of core (silica doped 

germania, ng) and clad (pure silica, ns) of fiber are defined as [6]; 

𝑛𝑔
2 = 1 + 

𝑎1𝑥𝑡𝜆2

(𝜆2−𝑏1𝑥𝑡
2 )

 + 
𝑎2𝑥𝑡𝜆2

(𝜆2−𝑏2𝑥𝑡
2 )

+ 
𝑎3𝑥𝑡𝜆2

(𝜆2−𝑏3𝑥𝑡
2 )

                                                                               (1.a) 

𝑛𝑠
2 = 1 + 

𝑎1𝑡𝜆2

(𝜆2−𝑏1𝑡
2 )

 + 
𝑎2𝑡𝜆2

(𝜆2−𝑏2𝑡
2 )

+ 
𝑎3𝑡𝜆2

(𝜆2−𝑏3𝑡
2 )

                                                                                   (1.b) 

where;  

a1xt = (a10+u1x) ft1    ,   a2xt = (a20+u2 x) ft1        ,    a3xt = (a30+u3 x) ft1   ,  b1x t= (b10+v1 x) ft2    ,  

b2xt = (b20+v2 x) ft2  ,   b3xt = (b30+v3 x) ft2     ,    a10=0.6961663        ,   a20=0.4079426        ,   a30=0.8974794,   

b10=0.0684043        ,   b20=0.1162414            ,    b30=9.8961610        ,   u1= 0.1107001        ,  u2= 0.31021588,  

u3= -0.04331091    ,    v1= 0.000568306        ,    v2= 0.03772465      ,   v3= 1.94577             ,  ft1 = e1+e2T,   

ft2 = T0 /T                ,     e1=0.93721               ,      e2=0.0002143        ,   T0=293 oK,   

a1t , a2t , at3 , b1t , b2t  and b3t are defined by putting the value of x=0 through the parameters a1xt , a2xt , a3xt, b1xt, b2xt 

and b3xt respectively.      wavelength (λ  μm) and temperature (T oK). 

Note that, the values of a1xt , a2xt , a3xt , b1xt , b2xt and b3xt (with  x=0 and ft1=ft2=1)  are defined at temperature 

T=293 oK [14] and so, the best reference temperature T0=293 0K.  

 

The refractive indices of core (ng) and clad (ns) materials are increase with both temperature (T) and germania 

ratio (x) while they are decrease with wavelength (λ  μm) (Fig.2).  Therefore, material dispersion {MD = (-λ /v ) 

(d2ng,s /dλ2 ), v is the speed of light} must be taken at the design of directional coupler. 

The normalized frequency (V) is defined in below (Eq.3).  As λ increases , the value of V decreases, while vice 

versa for T and x  (Fig.3). 
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             Fig.2 Effect of both T, x and λ on both ng and ns                 Fig.3 Effect of both T, x  and λ on V (with a=3.5μm) 

II.1.2  Limits of fiber core radius (a) and germania ratio (x)  for single mode fiber.  

For single mode optical fiber with normalized frequency (V ranges between 1.5 and 2.4) and with λ=1.5 to16μm, 

T= 253 to 333oK  and  the GeO2 ratio, x=2.5 to 4.0% , the  corresponding value of core radius a= 3.69 to 4.37μm 

(We take a=4μm). 

II.1.3 Coupling coefficient  

The coupling coefficient (C) of two symmetric single mode fibers directional coupler is derived by using coupled 

mode theory (CMT) [10-12] as; 

𝐶 =  𝜆  
1−𝑏 

2π𝑎2 𝑁
 

  K0(V √b  d1) 

𝐾1
2(V √b) 

                                                                                                         (2) 

Where,  

d1=d/a, a is the fiber core radius,   d is the distance between two centers  and  V is the normalized frequency, 

𝑉 =
2𝜋

𝜆
 (𝑛𝑔

2 − 𝑛𝑠
2)0.5                                                                                                                   (3) 

b is the normalized propagation constant, 

𝑏 = (𝑁2 − 𝑛𝑠
2) (𝑛𝑔

2 − 𝑛𝑠
2)⁄                                                                                                          (4) 

N is the effective refractive index of fiber,  propagation constant 𝛽 =  2𝜋 𝑁 𝜆⁄                                                     (5) 

ng is the core refractive index and   ns is the clad refractive index 

λ is the operating wavelength ,  Ko and  K1 are the Bessel functions.  

                

The coupling coefficient C has a peak value at main value of normalized frequency (Vpc) which affected by the 

values of T and λ.  The value of C either increases or decreases with temperature T and λ according to the value 

of  V < Vpc  or  V > Vpc . 

II.2  Applications of directional coupler  

II.2.1 Directional coupler as a power divider         

The input optical power (Pi) through fiber 1 is divided into output power from fiber 1 (Po1 div) and output power 

from fiber 2 (Po2 div) (Fig.4). 

   

 

 

 

 

 

 

  Fig.4 directional coupler as a divider   Fig.5 directional coupler as a combiner  Fig.6 directional coupler as a bandpass filter 

 

And with lossless symmetric fibers (Δβ = β1-β2 = 0) Po1 div and Po2 div are defined as [15]; 

 𝑃𝑜2 𝑑𝑖𝑣  =  𝑃𝑖  𝑠𝑖𝑛2(𝐶  𝐿)                                                                                                          (6.a) 

𝑃𝑜1 𝑑𝑖𝑣  =  𝑃𝑖  𝑐𝑜𝑠2(𝐶  𝐿)                                                                                                          (6.b) 

Where, L is the coupler length 
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The effect of both temperature (T) and material dispersion (MD) on the output powers (Po1 div and Po2 div) is 

evident through C. 

II.2.2  Directional coupler as a combiner  

The two input optical powers, through fiber 1 (Pi1)  and  through fiber 2 (Pi2) are combined and the output power 

from fiber 1 (Po1 comb) or output power from fiber 2 (Po2 comb) (Fig.5).  

 

And with lossless symmetric fibers (Δβ = β1-β2 = 0) Po1 comb  and Po2 comb are defined by using coupled wave 

equations [10,16] as; 

𝑃01 𝑐𝑜𝑚𝑏 = 𝑃𝑖1 𝑐𝑜𝑠2(𝐶 𝐿) + 𝑃𝑖2 𝑠𝑖𝑛2(𝐶 𝐿)                                                                              (7.a) 

𝑃02 𝑐𝑜𝑚𝑏 =  𝑃𝑖1 𝑠𝑖𝑛2(𝐶 𝐿) + 𝑃𝑖2 𝑐𝑜𝑠2(𝐶 𝐿)                                                                             (7.b) 

Where, L is the coupler length 

Also, as in case of directional coupler as a divider, the effect of both T and MD on the output powers (Po1 and Po2) 

is evident through C. 

II.2.3 Directional coupler as a bandpass filter 

The output powers (Po1 and Po2) are functions of C, so they are functions of  λ to degree it acts as a bandpass filter 

(Fig.6). 

The value of bandpass wavelengths (Δλ) is defined as [17,18]; 

Δλ = 2.5 {L │
dC

dλ
 │ }⁄                                                                                                                 (8) 

Where, L is the directional coupler length  

The effect of both temperature and material dispersion on Δλ is evident through dC/dλ. 

II.3 Errors due to neglect the effect of either T or MD or both T and MD  

βr MD , Cr MD , P2div r MD , P2comb r MD  and Δλr MD   are the values of    β , C , Po2 div  , Po2 comb and Δλ with  ng and ns at 

λr =1.55μn.                      

βr T , Cr T  , P2div r T , P2comb r T  and Δλr T  are the values of    β , C , Po2 div  , Po2 comb and Δλ with  ng and ns at Tr 

=300oK .                      

βr T MD , Cr T MD  , P2div r T MD , P2comb r T MD  and Δλr T MD   are the values of    β , C , Po2 div  , Po2 comb and Δλ with  ng 

and ns at λr =1.55μn and Tr =300oK .                      

II.3.1 Error due to neglect the material dispersion    (i.e. refractive index evaluated at λr =1.55μm) are; 

Rβ   𝑀𝐷 % = 100 
β at any λ− β𝑟 𝑀𝐷 

β at any λ
                                                                                              (9.a) 

 

RC  𝑀𝐷 % = 100 
C at any λ− Cr MD

C at any λ
                                                                                              (9.b) 

 

RP2 div 𝑀𝐷 % =
P2div at any λ− P2div rMD

P2div at any λ
                                                                                       (9.c) 

 

RP2comb 𝑀𝐷  % = 100 
P2comb at any λ−P2comb r MD

P2comb at any λ
                                                                     (9.d)      

                                                                                

RΔλ 𝑀𝐷 % = 100 
Δλ at any λ− Δλr MD 

Δλ  at any λ
                                                                                          (9.e) 

II.3.2  Error due to neglect the effect of  varying temperature from (Tr=300oK) are;      
 

Rβ T % =  
β at any T− β𝑟 𝑇

β at any T
                                                                                                          (10.a) 

 

RC T % = 100 
C at any T− Cr T

C at any T
                                                                                                  (10.b) 

 

RP2div T % = 100 
P2div at any T− P2div r T

P2div at any T
                                                                                 (10.c)  

 



Delta University Scientific Journal Vol.06 - Iss.01 (2023) 151-161 

 

Page | 155 

RP2comb T % 100 
P2 at any T− P2comb r T

P2 at any T
                                                                                   (10.d) 

 

RΔλ  T % = 100 
Δλ at any T− Δλr T

Δλ  at any T
                                                                                             (10.e) 

II.3.3  Error due to neglect both MD (λ ≠ λr) and T (T≠Tr)  are; 

Rβ  T 𝑀𝐷  % =  100 
β at any λ,T− βr T MD

β at any λ ,T
                                                                                     

(11.a)  
 

RC  T 𝑀𝐷 % = 100 100 
C at any λ,T− Cr T MD

C at any λ ,T
                                                                              (11.b) 

 

RP2div T 𝑀𝐷  % = 100 
P2div at any λ,T− P2div r T MD

P2div at any λ ,T
                                                                    (11.c)   

 

RP2comb T 𝑀𝐷  % = 100  
P2comb at any λ,T− P2comb r T MD

P2comb at any λ ,T
                                                          (11.d) 

RΔλ T 𝑀𝐷  % = 100 
Δλ at any λ ,T− Δλr T MD

Δλ  at any λ ,T
                                                                                 

(11.e) 

III. SIMULATION RESULTS and DISCUSSIONS 

From (Fig.7.a), as the temperature increases, C decreases with λ=1.50 and 1.55μm  (where V> Vpc) while C 

increases with λ = 1.6μm (where V<Vpc).  From (Fig.7.b), the percentage error of the coupling coefficient (RC) 

due to varying temperature from 300oK, increases with ΔT { ΔT300 = abs(T-300)} and maximum percentage error 

(RC max) =  3.3459 at T=252oK with λ=1.50μm. 

For the two optical fiber directional coupler with β1 =β2, the output power  (Po2 div)  depends upon the value of C 

and the coupler length (L).  Po2div depends upon both T and λ (Fig.7.c). Maximum percentage error of Po2 div (RP2 

max) is 5.9328 occurs at T=252 and λ=1.50μm (Fig.7.d).  

The passband wavelength (Δλ)  decreases with λ and T (Fig.7.e) and the percentage error of passband wavelength 

(RΔλ) increases with λ {maximum percentage error, for T=252 oK, RΔλmax = 1.1254 (at λ= 1.50μm) , 0.2213 (at 

λ=1.55μm) and 0.2275 (at λ= 1.60μm) } (Fig.7.f). 

 

 
 

 

 

 

 

 
                                     (a)                                                                   (b)                                                                       (c)                                                    
 
                          

 

 
 

 

 

 

 

 
 

                        

                                      (d)                                                         (e)                                                                   (f) 
Fig.7 Effect of temperature (T) on the performance of directional coupler    

(with L=500μm, a=4μm, d=10μm, x=0.025 ) with material dispersion 

As expected, coupling coefficient increases with  λ  (Fig.8.a) where V < Vp, dependence of C on T weakly. The 

corresponding percentage error (RC ) due to neglect the material dispersion of core and clad materials of fiber 

(RCλ1.55) increases with the value of {abs(λ-1.55)} (Fig.8.a  and Fig.8.b). 
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The error due to neglect the effect of temperature (T≠ Tr =300oK) and neglect the material dispersion (refractive 

index evaluated at  λ=λr = 1.55μm  only) increases with λ for Rc , RP2 and RΔλ (Fig.8).  The value of Δλ decreases 

with both λ and T (Fig.8.e) 

 

 

 

 

 

 

 

 

 

 
                                        (a)                                                             (b)                                                                         (c) 

 

 

 

 

 

 

 

 
 

                                    (d)                                                                   (e)                                                                       (f) 
Fig.8 Effect of neglect material dispersion on the performance of directional coupler   

(with L=500μm, a=4μm, d=10μm , x=0.025) 

Coupling coefficient decreases with germania ratio (x) (Fig.9.a) (because core refractive index increases and so C 

decreases) the value of RC increases with x (Fig.9.b).  With directional coupler length L=0.5 mm, the output 

power Po2 div decreases with x. Also Δλ decreases with x and λ (Fig.9.e)   

The values of  C , Po2 div and Δλ are decreased with x and T (Figs.10.a, 10.c and 10.e)  and vice versa for Rc and  

Rp2 div (Figs.10.b and 10.d). 

 

 

 
 

 

 

 

 

 

 
                (a)                                                                      (b)                                                                    (c) 

 

 

 

 

 

 

 

 

 
                                           (d)                                                            (e)                                                               (f) 

Fig.9: Effect of GeO2 ratio (x) and λ on the performance of directional coupler   

(with T=300 oK ,L=500μm, a=4μm, d=10μm ) 

 

   

   

   

   



Delta University Scientific Journal Vol.06 - Iss.01 (2023) 151-161 

 

Page | 157 

 

 

 

 

 

 
 

 

 
 

 

  
                                            (a)                                                          (b)                                                               (c) 

 

 
 
 

 

 
 

 

 
 

 

                                        (d)                                                              (e)                                                                (f) 
Fig.10: Effect of GeO2 ratio (x) and temperature (T) on the performance of the directional coupler  

(with λ=1.55μm , L=500μm, a=4μm, d=10μm ) 

As the difference (T-Tr) increases, the percentage error of propagation constant (Rβ Tλ) becomes evident increases, 

while the error due to ignore the material dispersion is little (Fig.11.a).   

Percentage error of C (RC) increases with abs (λ-λr) with speed rate, while the effect of T very little (Fig.11.b). 

Percentage error of Po2 div (RP2,  Fig.11.c) similar with error of C (Fig.11.b).   

But the percentage error of Δλ (Fig.11.d) either increases or decreases with T and λ due to the Δλ in relation with 

dC/dλ.  

As the germania ratio increases, the error increases (Figs.11 and 12).  Such as percentage error of Po2 div (RP2 div) 

increases from 4.6 (with x=0.025) to 11.32 (with x=0.04).  

The percentage error of the output power (RP2 div) either increases or decreases with the coupler length (L) 

(Fig.13).  The temperature dependence of RP2 very little, while the wavelength dependence of RP2 div  increases 

with absolute (λ-λr) increases with temperature   

 

 

 

 

 

 

 
 

                                                  (a)                                                                                      (b) 

 

 

 

 

 

 

 

 

                                       (c)                                                        (d) 

Fig.11: Percentage errors of propagation constant (Rβ), coupling coefficient (RC), output power (RP2div) and bandwidth (RΔλ) 

due to neglect both MD and T.   With  x=0.025, L=500μm, a=4μm, and d=10μm. (Tr=300oK and λr=1.55μm). 
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                                                     (a)                                                                              (b) 

 

 

 

 

 

 

 

 

 
                                                     (c)                                                                               (d) 

Fig.12: Percentage errors of propagation constant (Rβ), coupling coefficient (RC), output power (RP2 div) and bandwidth (RΔλ) 

due to neglect both MD and T.   With  x=0.04 , L=500μm, a=4μm , and d=10μm   (Tr =300oK and λr=1.55μm). 

 

 

 

 

 

 

 

 

 

 

 

Fig.13  Effect of coupler length ( L) on the percentage error of P2 (RP2 div) 

From Fig.14.a, the value of bandpass (Δλ) decreases with T, where the value of Po2 div increases with T. With 

different L, the directional coupler can acts as band rejected (Fig.14.b) or multi passbands (Fig.14.c)  

 

 

 

 

 

 

 

 

 

                   a) L=20 mm                                          b) L=10 mm                                                                    c) L=40 mm 

Fig.14  Effect of T on the performance of  directional coupler as a bandpass filter   with different coupler length L          

(With  x=0.025 ,  a=4μm , and d=10μm) 

 

As expected the number of bandpass windows increases with the coupler length (Fig.15) 

 

The passband (Δλ) decreases with T (Table.1).  The peak of Po2 div crawls toward the high wavelength Table (1).  

The number of passband windows and the rejected widow depend upon the coupler length (Figs.10 and 11).  The 

values of passband (ΔλP) and rejected band (ΔλR) are decreased with increasing the operating temperature Table 

(2). 
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                       (a) L=20 mm                                                          b) L=40 mm                                                         c) L=80 mm 

Fig.15  Effect of L on the performance of  directional coupler as a bandpass filter with different coupler length L    

(With  x=0.025 ,  a=4μm , and d=10μm) 

 

Table 1: Effect of temperature on the band wavelengths of the directional coupler as a bandpass filter   

(a=4μm, d=10μm, L=40mm, x=2.5%) as shown in Fig.16.a 

T     oK λh1    (P=1/2 Pmax)  nm λh1   (P =Pmax) nm λh1  (P=1/2Pmax)  nm Δλ     nm 

253 1512.83 1537.30 1564.06 52.23 

273 1513.44 1537.70 1563.99 50.55 

300 1514.33 1538.20 1563.90 49.57 

333 1515.53 1538.80 1563.84 48.31 

 

Table 2: Effect of temperature on the band wavelengths of the directional coupler as a bandpass filter  

(a=4μm, d=10μm, L=80mm, x=2.5%) (Fig.10.b) 

  T 253 273 300 333 

  ΔλF1 23.61 23.38 23.01 22.53 

  ΔλR 25.51 25.21 24.70 24.06 

  ΔλF2 28.18 27.63 26.90 26.00 

B
P

F
1

 

(Δ
λ

F
1
) 

 

 λHL1 1501.23 1501.96 1503.05 1504.44 

 λF1 1512.85 1513.45 1514.35 1515.55 

B
R

F
  

 

(Δ
λ

R
) λHH1 ,   λHLR 1524.84 1525.34 1526.06 1526.97 

 λR 1 1537.35 1527.65 1538.15 1538.75 

B
P

F
2

  

(Δ
λ

F
2
) 

λHHR,     λHL2 1550.35 1550.55 1550.76 1551.03 

 λF1 1564.15 1564.05 1563.95 1563.75 

 λHH2 1578.53 1578.18 1577.66 1577.03 

From (Fig.16.a), the value of bandpass (Δλ) decreases with T (Fig.8.a, Fig.11.a), where the value of P2 increases 

with T.  With different L, the directional coupler can acts as band rejected (Fig.16.b) or multi passbands (Fig.15.c, 

Fig.16.b).  

 

 

 

 

 

 

 

 

 

 
                     a) bandpass wavelengths  with L=40mm                            b)  bandpass and band rejected  wavelengths with L=80mm 

Fig.16  Effect of temperature on the passband wavelengths and  

rejected wavelengths of the directional coupler as a bandpass filter 
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The combiner output is periodically with wavelength and increases with temperature (Fig.17.a)  

The error due to neglect change of temperature increases with ΔT (Fig.17.b) but error increases or decreases with 

λ 

 

 

 

 

 

 

 

 

                                      a) combiner output                                                    b) error in combiner due to T and λ 

Fig.17 Directional coupler as a combiner (Pi1=0.5 , Pi2=1.5) , L= 30mm 

IV. CONCLUSION 

The performance of optical directional coupler depends upon both the material dispersion (MD) of fiber and the 

change of temperature (ΔT).  The error due to neglect MD increases with the absolute difference between the 

operating wavelength (λ) and the reference wavelength (λr = 1.55μm).  Also the error due to neglect ΔT increases 

with the difference between the operating temperature (T) and the reference temperature (Tr =300oK).  

The error of propagation constant of the fiber (β) is very little.  But the error of the coupling coefficient between 

two fibers (C) becomes evident.  While the errors of output power for divider (Po2 div) and for combiner (Po2 comb) 

also the error of passband (Δλ) of the bandpass filter are varying periodically from small to large and vice versa 

according to the coupler length (L) and the wavelength (λ).   

The error becomes more with the ratio of GeO2 in the fiber core. At T=300oK, the error of Po2 with x=4% 

becomes 30 times of error with x=2.5%.  Also, at T=333oK, the error of Δλ with x=4% becomes 14 times of error 

with x=2.5%.  

The errors can be minimized by use certain operating and structure parameters of the directional coupler.   

The effect of  T and DM must be taken into account when using the directional coupler. 
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