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Abstract
This study has been focused on the linear and nonlinear behavior and investigative in single-ring resonator. Optical fiber

ring resonators have great interest due to different applications, especially in communication, secured communication, slow

light, fast light and light storage in optical buffers. There are many proposed applications of optical ring resonators. Optical

fiber ring resonators can be readily constructed from standard optical fiber components, which allow their properties to be

studied in a systematic manner. In this paper, we describe our studies of the optical transmission, intensity, shift phase and

group delay characteristics of a family of such devices. In this case, Gaussian beam has been used as an input pulse inside

to microring resonators. In this paper, transmission, intensity, shift phase and group delay characteristics of device have

been investigated. It has been compared together in different coupling coefficients in frame of linear and nonlinear.
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Introduction

There aremanyproposed applications of optical ring resonators

[1–5]. These devices can be constructed in a variety of sizes

from micrometers to nanometers, with spectral characteristics

that scale. Optical fiber ring resonators [6–8] can be readily

constructed from standard optical fiber components, which

allow their properties to be studied in a systematic manner. In

this paper, we describe our studies of the optical transmission,

intensity, shift phase and group delay characteristics of a family

of such devices.Optical ring resonators hold great promise for a

variety of applications, including optical switching [9, 10],

optical time delay [10–12], photonic biosensors [3, 13, 14],

laser resonators [1] and add–drop filters [15, 16].

Analysis of optical fiber ring resonator
(OFRR)

Optical fiber ring resonators have great interest due to

different applications, especially in communication and

light storage in optical buffers. In this work, optical fiber

has been made form InGaAsP/InP [17–19]. The schematic

diagram of an optical fiber ring resonator system is shown

in Fig. 1. The fiber coupler is connected to one ring of the

resonator system. The nonlinearity of the fiber ring is of the

Kerr type. The refractive index of the proposed system is

given by Eq. (1)

n ¼ n0 þ n2I ¼ n0 þ
n2

Aeff

� �
P; ð1Þ

where n2 is the nonlinear refractive index and n0 is the

linear refractive index. I and P are the optical intensity and

optical field power, respectively. Aeff is the effective mode

core area of the fiber. The study of nonlinear phenomena in

fiber ring resonators plays an important role in optical

communication. The nonlinearity leads to a decrease in the

line width and absorption. Therefore, these phenomena

assist the generation of slow light in microring resonator.

For simplification of the equation, the output field at steady

state is given as:

y1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� j1

p
; x1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� c1

p
; s ¼ expð�aL=2Þ; /

¼ kLn0 þ kLn2 E1j j2 ð2Þ

Here a and c are the absorption coefficient and fractional

coupling intensity loss, respectively. L is the circumference

of each ring, and / is the combine of linear and nonlinear

phase shift. j1 is the coupling coefficient, and k ¼ 2p
k is the
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wave propagation number in a vacuum. s is a one roundtrip
loss.

The transfer function of this configuration is derived by

the scattering matrix method [20, 21]. The light in the ring

resonator filter is incorporated in the attenuation constant,

and the interaction can be described. The output electric

field can be calculated via scattering matrix method. The

proposed system decomposes the transform-limited laser

pulse into the spectral domain and modified the pulse

spectrum using a one-dimensional fixed or programmable

spatial mask or hologram. The modified temporal spec-

trums are then recombined into the time domain. The input

optical field in the form of Gaussian pulse can be expressed

as [22]:

Ein ¼ Ai exp
z

2Ld
� ix0t

� �
ð3Þ

where the amplitude of optical field is represented by Ai.

The propagation distance is demonstrated by z. The prop-

agation time for Gaussian pulse moves at the group

velocity in a frame is T ¼ t � b1 � z. Here, t is the Gaus-

sian phase shift time, and x0 is the frequency shift of the

Gaussian. Ld ¼ T2
0

�
b2j j represents the dispersion length of

the Gaussian pulse, where T0 shows Gaussian pulse prop-

agation time at the initial input. The coefficients of the

linear and the second-order terms of the Taylor’s expansion

of the propagation constant are b1 and b2, respectively. For
the Gaussian pulse in the microring device, a balance

should be achieved between the dispersion length (Ld) and

the nonlinear length LNL ¼ 1=C/NL, where C ¼ n2K0 is

the length scale over which dispersive or nonlinear effects

alter the beam diameter. For a Gaussian pulse, there is a

balance between dispersion and nonlinear lengths; hence,

Ld ¼ LNL [23].

Based on the coupling coefficient of optical fiber ring

resonator, a fraction of input Gaussian pulse is coupled into

the OFRR. For long dispersive path, Ei causes the nonlin-

earity effect built up inside the MRR due to change of the

refractive index with optical power. Here, the power

dependence of refractive index is responsible for the Kerr

effect [24].

In this case, Gaussian beam has been used as an input

pulse inside to microring resonators. The output of OFRR

is given as:

Eout ¼ Einy1x1

þ j
ffiffiffiffiffi
j1

p
x1s1 expð�j/1Þ

j
ffiffiffiffiffi
j1

p
x1Ein

1� x1y1s1 expð�j/1Þ

� �

ð4Þ

The output power from each ring can be determined as:

Pt3aðEoutÞ � ðEoutÞ� ¼ Eoutj j2 ð5Þ

The output signal parameters such as transmission,

intensity, shift phase and group delay from the system are

simulated using the MATLAB programming by iterative

and numerical methods. Generally, the delay time can be

calculated by considering the transmission in the single-

ring resonator system using Eq. (4).

T ¼ Eout

Ein

¼ x1y1 � x21s expð�j/Þ
1� x1y1s expð�j/Þ

� �
ð6Þ

The external phase shift of OFRRs can be achieved from

the argument on ratio output field and input field as [3]:

/ ¼ arg
Eout

Ein

� �
¼ �i log

T

Tj j

� �
ð7Þ

This equation gives boundary condition to achieve delay

time pulse for the single-ring resonator. By solving this

equation, the rate of radius for each waveguide can be

calculated. Here, input power, coupler loss and coupler

coefficient are fixed parameters based on experimental and

theoretical previous work and research. Therefore, if the

input power, coupler coefficient and core area are consid-

ered as fixed parameters, the regime of radius of ring can

be calculated. Equation (6) depends on coupler coefficient,

loss waveguide and internal phase which depends on input

power, linear refractive and nonlinear refractive index.

Equation (8) shows the relation between internal phase and

input power.

/ ¼ /L þ /NL ¼ Kn0Lþ KLn2P=Aeff ð8Þ

where the first part and second part are linear and nonlinear

phase, respectively. P is input power, and Aeff is the core

area. Internal phase shift of OFRR is given by ð/ ¼ x0TRÞ,
where x0 is one of the resonance frequencies of the res-

onators and TR is the transit time of the resonator. The

phase sensitivity is obtained by differentiating the external

phase shift [25].

/0 ¼ d/
d/

¼

1� x21y
2
1

� 	
s2

1� 2x1y1s cos/ 1þs2
2

� 	
þ s2x21y

2
1 þ x21y

2
1 sin2ð/Þð1� s2Þ2

 �

� ð1� s2Þ

ð9Þ

Fig. 1 Schematic diagram of an optical fiber ring resonator with a

single fiber coupler
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Therefore, the group delay of the ring resonator can be

achieved by radian frequency of the transfer function and is

defined as:

TD ¼ d/
dx

¼ d/
d/

d/
dx

¼ /0TR ð10Þ

TD ¼
1� x21y

2
1

� 	
s2

1� 2x1y1s cos/ 1þs2
2

� 	
þ s2x21y

2
1 þ x21y

2
1 sin2ð/Þð1� s2Þ2

 �

� ð1� s2Þ
ngL

c

ð11Þ

Results and discussion

In order to investigate some characteristics such as trans-

mission, intensity, shift phase and group delay, Gaussian

pulse is fed into the optical fiber ring resonator which consists

of linear and nonlinear made of InGaAsP/InP. The Gaussian

pulse as input pulse has center wavelength of 1.5 lm, pulse

width of 50 ns and power of 8 W. Figure 2a–d shows the

transmission, intensity, shift phase and group delay versus

wavelength in frame of linear for k = 0.1. Figure 3a–d shows

the transmission, intensity, shift phase and group delay versus

wavelength in frame of linear for k = 0.3. Figures 4 and 5

also show the results for k = 0.5 and k = 0.7, respectively.

Figure 6a–d shows the transmission, intensity, shift phase

and group delay versus wavelength in frame of nonlinear for

k = 0.1. Figures 7, 8 and 9 show the final results for k = 0.3,

0.5, 0.7, respectively. The fixed parameters of the system

consist of radius ring resonators equal 50 nm and core area

equals 0.5 lm2. The roundtrip of 20,000 times inside the

system produces resonance and nonlinearity. The chaotic

signals because of the nonlinearity can be generated. The

output power is reduced for the loss waveguide, and intensity

can be enhanced and build up in some wavelengths where in

some wavelength it suppress due to the resonance. The input

Gaussian pulse is sliced and amplified intensity. The rate of

chaotic signal depends on properties of waveguide such as

radius and loss waveguide. Frequency chaotic has immense

potential for applications in secure communication because

of chaotic oscillators such as the universal circuit. Chaotic

systems provide a potentially rich mechanism for signal

design and generation for a variety of optical

communications.

Conclusion

The maximum rate of shift phase and group delay has been

observed in nonlinear. In frame of nonlinear, shift phase

and group delay can be increased by the increase in cou-

pling coefficient. The rate of transmission in frame of

nonlinear is more than linear. In frame of nonlinear, the

transmission can be increased by the decrease in coupling

coefficient.
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Fig. 2 Linear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.1
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Fig. 3 Linear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.3
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Fig. 4 Linear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.5
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Fig. 5 Linear behavior for (a) transmission, (b) intensity, (c) shift phase and (d) group delay for k = 0.7
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Fig. 6 Nonlinear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.1
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Fig. 7 Nonlinear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.3
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Fig. 8 Nonlinear behavior for a transmission, b intensity, c shift phase and d group delay for k = 0.5
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