ISSN(Online) : 2456-8910
International Journal of Innovative Research in Applied Sciences and Engineering (IJIRASE)
Volume 2, Issue 12, DOI: 10.29027/IJIRASE.v2.i12.2019, 394-397 , June 2019

Design and Analysis of Ring Resonator Based Optical
Delay Line
Tejaswini B R, Dr.Chandrika T N
Siddaganga Institute of Technology, Tumakuru, India
Email: tejaswinibr1995@gmail.com , chandrikasit@gmail.com
Abstract—Generation of optical delay line is one of
the greatest challenges in the modern photonics.
Optical delay lines are important functional
elements in optical science and technology. In the
areas of optical signal buffering, optical
communication systems, phased arrays antenna
and photonic signal processing optical delay line
plays a very important role. In this paper, we are
presenting a novel structure for optical delay line
using ring resonator waveguide. A delay line
device consists of three ring resonator waveguides
and one bus waveguide. Transfer Matrix method
is used to analyze the ring resonator which has
been designed for single mode. From the designed
delay modeling configuration we can achieve a
delay of ~500ps.

passes through output/through port i.e. Et1. The
coupled wavelengths passes through all three
ring and come back to through port at some
delay time.
II. DELAY LINE DEVICE USING RING RESONATOR

Key words: Optical delay line, Waveguide, Ring
resonator.

I. INTRODUCTION
An optical delay line has wide range of
application in sensors [1], radio frequency
photonics, radars, biosensors [2], and in delay
line applications. Generally, there are two
methods to generate delays for optical waves
one is increasing the optical path length and
other is slowing down the velocity of light in the
waveguide [3] [4]. A delay line is a device
which produces a specific desired delay in the
transmitted signal. Delay lines are necessary to
store the signal in the optical communication,
because no memory devices exist to store the
signal in the optical communication. To
substitute electronic buffering no optical storage
technologies are available. Forcing the optical
signal to be converted to an electronic format by
using switching operators, SONET/SDH [5]
[6].Using the ring resonator in series we can
achieve a delay by storing the optical signals for
a while. In optical telecommunication networks
optical delaying is a valuable function and it has
important applications like buffering, signal
synchronization, time division multiplexing and
so forth [7] [8].
In this paper, we are using three ring resonators
as shown in figure1; the input wavelengths are
given at input port i.e.Ei1, some part of
wavelengths will gets coupled to the ring R1 at
resonance condition; remaining wavelengths are
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Figure1: Schematic diagram of a delay line device using ring
resonator

In the above figure1 shows there are two types
of coupling occurs. One is the self coupling i.e.
coupling occur inside the bus wave guide or ring
resonator waveguide. Another is the cross
coupling that occur between the bus waveguide
and ring resonator or between two ring
resonators waveguide.

III. THEORETICAL MODELING
A. Waveguide
The step index planar waveguide is the simplest
optical waveguide structure. The slab
waveguide, shown in figure 2, consist of higher
refractive index in the guiding or film region
(n1), lower refractive index in substrate region
(n2) and cover region (n3).

Figure2: Planar (slab) waveguide
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The wave equation for the electric field
components in each region can be put in the
scalar form
𝑑2𝜑
𝑑𝑥 2

+ 𝑘02 𝑛𝑖2 − 𝛽 2 𝜑 = 0

------ (a)

Where 𝑛𝑖 = 𝑛1 , 𝑛2 , 𝑛3
β is a propagation coefficient along Z
direction.
The equation inside the core is defined by
𝑑2𝜑1
𝑑𝑥2

+ 𝑘02 𝑛12 − 𝛽 2 𝜑1 = 0

------ (1)

Where 𝑘 2 = 𝑘02 𝑛12 − 𝛽 2 then

𝛽

𝑑2𝜑1

+ 𝑘 2 𝜑1 = 0
------ (2)
𝑑𝑥 2
The solution is oscillating function in core
region
𝜑 𝑥 = 𝐴 sin 𝑘𝑥 + 𝐵 cos 𝑘𝑥
------ (3)
The equation of the cladding region is defined
by
𝑑2𝜑2

+ 𝑘02 𝑛22 − 𝛽 2 𝜑2 = 0
Where 𝛼 2 = −(𝑘02 𝑛22 − 𝛽 2 ) then
𝑑𝑥 2

From the above figure3 we get the different
values of kappa foe the different thickness of the
core. Here core refractive index (n1) is 3.441,
material or cladding refractive index (n2) is 1.45
and the wavelength( λ ) at 1550nm. By
substituting the kappa values in below given
equation,we can find the propagation constant
β.
𝛽 = (𝑘 ∗ 𝑛1 )2 − (𝑘𝑎𝑝𝑝𝑎)2
------ (i)
2𝜋
𝑘=
------- (ii)
𝜆
Where 𝑛𝑓 = refractive index of the film
From β we can calculate the 𝑛𝑒𝑓𝑓 by using

------ (4)

𝑑2𝜑2

− 𝛼 2 𝜑2 = 0
------- (5)
The solution is exponentially decaying in
cladding region
𝜑2 = 𝐶𝑒 𝛼𝑥 + 𝐷𝑒 −𝛼𝑥
------- (6)
The characteristic equation is given by

𝛾
tan(𝑘 ) =
------- (7)
2
𝑘
Where 𝑘 is transverse wave number
𝛾 is attenuation coefficient
t = core thickness
𝑑𝑥2

By solving the above characteristic equation
using graphical method in MATLAB gives
below result.

𝑛𝑒𝑓𝑓 =
----- (iii)
𝑘
Where 𝑛𝑒𝑓𝑓 = effective refractive index
B. Ring resonators
An optical ring resonator is a set of waveguides
in which at least one is a closed loop coupled to
some sort of light input and output. Ring
resonator is a frequency dependent and
multifunctional device. Compare to Directional
coupler and Mach zehnder interferometer we
can use the chip area very effectively in the ring
resonator.

Figure4: Model of a single ring resonator with one
waveguide

The input and through port relation in matrix
form is
𝐸𝑡1
𝑡
𝑘 𝐸𝑖1
=
∗
∗
−𝑘
𝑡
𝐸𝑡2
𝐸𝑖2
Where t: self coupling coefficient
k: cross coupling coefficient.
The * denotes the complex conjugated value of t
and k.

Figure3: Eigen value equation and kappa for TE mode for
different value of core thickness
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For lossless coupling to occur, the following
equation must satisfy.
𝑘2+ 𝑡2=1
For the three ring resonators shown in the delay
configuration figure1, the input and through port
matrix relation is given by
𝐸𝑡4
=
𝐸𝑖4
−𝑡3
−𝑡1
−𝑡
1
1
2
1
𝑘3
𝑘3
𝑘1
𝑘1
𝑘2
𝑘2
𝑡1
𝑡2
𝑡3
−1
−1
−1
𝑘1
𝑘1
𝑘2
𝑘2
𝑘3
𝑘3
X ----- (8)
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𝐸𝑖1
𝐸𝑡1

∗
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Where X=𝛼1𝑒^(𝑗𝜃1) ∗ 𝛼2𝑒^(𝑗𝜃2) ∗
𝛼3𝑒^(𝑗𝜃3)

Figure6: Transmission and delayed signal spectrum

IV. SIMULATION AND RESULTS
Simulation has been carried out using MAT lab
and Lumerical. A single ring resonator has been
analysed using Lumerical and results are shown
in figure 5. In figure 5, through port signal, blue
line indicates the unresonated wave signal
coming at through port and the green line
indicates the resonated wave signal coming at
the drop port, which has been coupled into the
ring. By using the lumerical simulation tool we
have designed for the one ring resonator
waveguide and two bus waveguide. We got a
delay of ~300ps at the drop port. The same is
verified using the MATLAB.

The analysis of three ring resonators is shown in
figure5. Analysis is performed by taking
normalized power versus wavelength. Dotted
line indicates the unresonated wave signal
coming at through port Et1, shown in figure1.
And thick line indicates the resonated wave
signal coming at Ei4, shown in figure1. From
the figure 6 we observed that only certain
wavelengths of the signal, coupled into the ring
and travels in it. Because of this delay is
introduced in the signal.

V. DELAY CALCULATION
The delay can be calculated by using the
formula given below.
1
𝑑𝑒𝑙𝑎𝑦 =
𝐹𝑆𝑅
For approximate value of delay calculation the
following equation can be use
𝐹𝑆𝑅 =

𝜆2

𝑛𝑔 𝐿

.

Where𝐹𝑆𝑅: Field spectral range,
𝜆: Wavelength of the signal
𝑛𝑔 : group refractive index,
𝐿 = 2𝜋𝑟: Circumference of ring
We can calculate the radius of ring resonator
using
𝑚𝜆𝑚 = 𝑛𝑒𝑓𝑓 ∗ 2𝜋 ∗ 𝑟
Where m=1for single mode
Further, we found delay of 500ps for the
proposed device.
VI.

Figure5: Schematic of the ring resonator and spectrum in
lumerical tool

MAT lab code is written for equation 8 and got
result as shown in figure 6. Figure 6 is the result
of three ring resonators. Though figure 5 and
figure 6 have spectrum, there is a difference in
delay and attenuation of the signal.

CONCLUSION

In conclusion, we have proposed and
theoretically analyzed a novel delay line device
using ring resonator for communication
application. Transfer matrix method has been
used to analyze the structure. The device
configuration is designed in a way that, the area
occupied by it is optimized. A delay of 500ps
has been achieved.
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