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Abstract 

This article discusses the application of an optical filter with waveguide ring resonator 
filter structure. Adopting DWDM technology is the key way to expand communication. A 
stable and tunable filter system is the key to DWDM. With the rapid development of 
DWDM, optical filters have also developed and become indispensable devices. In recent 
studies, the most commonly used filters are Fabry-Perot, Manh-Zenhder, and waveguide 
ring resonators. This paper analyzes the performance, characteristics, parameters and 
output of the waveguide ring resonator, and designs and optimizes it. 
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1. Introduction 

Nowadays the Fabry-Perot cavities are widely used in optical communications such as filters, 

switchers,amplifiers,attenuators,routers and so on. After the invention of fiber coupler, fiber ring 

resonator was invented and used as filters for it’s properties which are similar to Fabry-Perot 

interferometer,and it is convenient to tuning,but it also has the disadvantages such as great fiber loss 

and large volume[1].  
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C2

Er3+/Yb3+ co-doped phosphate glass

 

Figure 1. Integrated optical waveguide ring resonator 

 

As is known in actual situations, the loss will dramatically affect the filter performance[2], and the 

large volume will makes it hard to be integrated into other optical devices, so an integrated optical 
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waveguide ring resonator is made by etching this fiber ring resonator structure on Er3+/Yb3+ co-

doped phosphate glass(illustrated as Fig1), which have many merits such as:high gain, small volume, 

compact structure, compatible with Si processing and convenient integration. For it’s high gain, if 

properly doped, the gain can compensate it’s loss.(This can be considered as no loss),and by etching 

it on the Er3+/Yb3+ co-doped phosphate glass, the fiber length can be set at millimeter level or even 

nanometer level, this will dramatically lower the cost and be quite popular in application[3].  

2. Principle of Ring Resonator Filter 

According to related literatures, there are many factors that will affect the characteristics of the ring 

resonator filters such as coupling coefficient (k), coupler loss, round trip length(L),round trip loss, 

fineness, free spectrum range(FSR) and so on. Neglect the coupler loss, all the factors are related to 

k and L. So we can get all the changes of characteristics from k and L. In this paper because of the 

ring resonator is etched on Er3+/Yb3+ co-doped phosphate glass, its gain can be controlled by 

different doping concentration, so we consider there is no round trip loss, and we set the round trip 

length at millimeter level. 

The basic theories of the ring resonator and the Fabry-Perot cavity are just the same (multi-beam 

interference),illustrate as Fig2 and Fig3,if we consider E1 as the incident light I of Fig3,E2 as the 

transmitted light,E3 and E4 as the reflected lights in the F-P cavity, then we can use some conclusions 

of the F-P cavity to analyze the ring resonator, which will make things much easier. 

 

 

Figure 2. Fiber ring resonator                  Figure 3. Fabry-Perot cavity 

 

According to the F-P theory,  

Full width half maximum (FWHM) 

 

1/2 (1 )v C R L R = −
                                 (1) 

 

As can be seen from Eq.1, by increasing the reflectivity R or optical length L, narrower 1/2v
 can be 

obtained. 

3. Analysis of the Filter Performance 

To further discuss the characteristics of the filter, we considering two situations: 

(1)C1=C2 and (2) C1≠C2. 
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3.1 When the Coupling Coefficient C1=C2 

 

Figure 4. Fabry-Perot cavity(C1=C2) 
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First we consider the round trip length L as a constant, change the coupling coefficient k, the results 

are shown in Fig5 and Fig6. 

 

 

Figure 5. k=0.01,L=0.002m               Figure 6. k=0.8,L=0.002m 

 

Fig5 and Fig6 shows clearly that the peak separation remains the same as k changes, but the FWHM 

will become wider as k increases. 

Then we consider the coupling coefficient k as a constant, change the round trip length L, the results 

are shown in Fig7 and Fig8. 
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Figure 7. k=0.02,L=0.001m                   Figure 8. k=0.02,L=0.002m 

 

Fig7 and Fig8 shows that the FWHM remains the same as L changes, but the peak separation will 

become narrower as L increases. 

From the analysis above: by changing the round tripr length L and the coupling coefficient k, ideal 

filtering characteristics can be obtained. But this is the situation when C1=C2, in application 

sometimes the coupling coefficient C1≠C2.  

3.2 When the Coupling Coefficient C1=C2  

This equals to the situation when r1≠r2≠r3. 

 

 

Figure 9. Fabry-Perot cavity(C1≠C2) 

 

Where r1 is the reflection coefficient from air into cavity, r2 is the reflection coefficient from cavity 

into the upper surface,r3 is the reflection coefficient from cavity into the lower surface,t1 is 

transmission coefficient from cavity into the upper surface, t2 is transmission coefficient from air into 

the cavity, Ei is the incidental field. 

According to the theory of multi-beam interference. 
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Now we set L=0.002m, then set different coupling coefficient k1 and k2, the results are shown as 

Fig10,Fig11 and Fig12. 

 

 

Figure 10. k1=0.02,k2=0.02           Figure 11. k1=0.2,k2=0.8 

 

 

Figure 12. k1=0.02,k2=0.2 

 

As can be sees in Fig10, the transmission reaches nearly 1 when k1=k2.And as the difference between 

k1 and k2 increase, the transmission decrease. From this result we can draw a conclusion that if 

k1=k2,then the loss can be neglected, if k1≠k2,the loss must be considered, and the loss will increase 

as the difference between k1 and k2 increases. Thus to achieve better filter performance, the coupling 

coefficient k1 should equals to k2. 

Considering the input wave is 1550nm,and according to the experiment, the peaks can be separated 

only when FSR>1.6nm.In application ,we usually need greater FSR for greater peak separation, but 

as the FSR increases, the round trip length decrease( 2 /FSR L= ), and the bending loss of the ring 

will increase which will dramatically affect the filter performance. So here we set round trip length 

L=0.24mm,FSR=10nm.And according to the experiment we need  <0.8nm,
2

v
c


 =   . 

v < 80.998 10 Hz.According to Eq.1 1/2 (1 )v C R L R = − R=0.9996,1-R= 2k  k<0.02,So we 

choose the round trip length L=0.24mm, coupling coefficient 1 2k k= =0.02. 
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4. Conclusion 

In this paper we discussed a novel structure of integrated waveguide ring resonator which is etched 

in Er3+/Yb3+ co-doped phosphate glass, and described the principle of the ring resonator. We 

analyzed and simulated the performance of the filter, by analyzing and experiments we find when the 

round trip length L=0.24mm,coupling coefficient k1=k2=0.02,the filter achieves the best 

performance. The analysis is based on an ideal model with a lossless coupler. 
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