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Abstract -This paper is based on theoretical investigation of the coupling optics of laser diode using visible spectrum to a
circular core single mode fiber excitation via an upside down tapered hyperbolic micro lens on the tip of the fiber. In this
context, ABCD matrix formalism employed for prediction of concerned excitation efficiency. The concerned estimation
requires computation with relevant programming. The analysis will be extremely useful for the design of suitable upside
down tapered hyperbolic micro lens on the tip of the fiber from the point of view of optimum launch optics. Further, the
formalism developed is user friendly in terms of execution and therefore it would be profiteering for the engineers who
are active in the domain of all optical communication of information. And specially from Illumination engineering point
of view using visible light would be very much cost effective in this regard considering its bounty availability and since
its pretty easy to generate in industrial environment. This is actually Excitation efficiency in case laser diode in visible
spectrum to mono-mode parabolic core fiber via upside down tapered micro lens drawn on the tip of the fiber.
Index Terms - Mono-mode parabolic core fiber, Laser diode, Visible spectrum.

I. INTRODUCTION - Single-mode optical fiber has
emerged as the most efficient medium in the field of
optical communication. For the purpose of
maximizing source to fiber excitation efficiency,
micro lenses of different designs are being
fabricated and reported as well. These micro lenses
which are fabricated either in the hemispherical or
conical
shape
possesses
self
centering
characteristics. It is well known facts that the
photometric range of a standard human eye is 380830nm[7]. This is why, here the operating
wavelength is restricted between
720nm to 830 nm in order to obtain minimum
attenuation loss. Although easily fabric able but
slightly less efficient hemispherical micro lens on
the fiber tip is used widely, the hyperbolic micro
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lens on the fiber tip has been found to most efficient
coupler. Side by side, in the field of coupling optics,
fabrication of upside down tapered lens in optical
fiber is receiving considerable attention. ABCD
matrix treatment has been widely used in
analyzing and designing different types of micro
lenses on the fiber tip as far as coupling of a laser
diode with optical fiber is concerned. It has been
reported that ABCD matrix formalism predicts the
coupling optics involving micro lens on the fiber tip
accurately but in a simple fashion. By using ABCD
matrix formalism, laser diode to fiber excitation
efficiency in case of upside down tapered lens step
index optical fiber has also been predicted in a
simple manner with sufficient accuracy. This
adequate accuracy coupled with simplicity of
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ABCD matrix formalism[8] motivated us to employ
this simple formalism to predict the coupling optics
involving upside down tapered hyperbolic lens
drawn on parabolic index fiber. It is very relevant to
mention in this connection that the importance of
parabolic index fiber has been already established in
the field of optical communication on account of its
large bandwidth and negligible sensitivity to micro
and macro bending.[18] Accordingly, the
investigation on optimum launch optics involving
graded index fiber is proliferating in literature. In
this report the wavelength restricted range is in
visible spectrum, in order to predict the coupling
optics, similar to previous research workers,
employed the Gaussian[13] field distributions
applied for both the laser source and the fiber.
Analytical expressions for the relevant coupling
optics are formulated and the concerned
calculations require little computation. The results
found here will predict the most coupling effective
upside down tapered lens in parabolic index optical
fiber with respect to the particular wavelength used.
Further, the present study involves prediction of
tolerance sensitivity of the coupling device with
respect to transverse and angular mismatches for
both the wavelengths used. The present formalism
will ease the designers and packagers who are
engrossed in the domain of optical technology.
II.THEORY
The coupling device has been diagrammatically
presented in Fig.1. Here n1 and n2 represent the
refractive indices of incident and lens media
respectively. The intensity profile of laser diode
emitted by optical beam is approximated in terms of
Gaussian spot sizes w1x and w1y along with two
mutually perpendicular directions x and y, with x
and y being parallel and perpendicular respectively
to the junction plane[6].The laser diode field at a
distance u from the lens surface is denoted as
which is approximated as:
exp[-(

+

)]×exp[ -

] (1)

Here, w1x and w1y represent the spot sizes along
the two mutually orthogonal directions X and Y[6].
The radius of curvature of the incident wave front
has been denoted by R1 and the wave number in
incident medium has been indicated as k1[6]. It has

1237

Mohuli Majumdar, Parthasarathi Satvaya

been already reported that Gaussian approximations
for the fundamental mode in the circular core
single-mode fiber represent coupling optics with
sufficient accuracy[13]. Accordingly, similar
expression for fundamental mode was used of the
fiber as expressed below,
(2)
where, wf represents the fiber spot size[17].
Further, the polarization match of the laser field
with the mode of circular core single-mode fiber is
also imperative in this context. The upside down
tapered hyperbolic lens transformed laser field
fiber plane 2 is expressed as:

(3)[6]
where, k2 stands for the wave number in the lens
medium.
The transformed spot sizes and the corresponding
radii of curvature in x and y directions respectively
are designated as w2x, w2y and R2x, R2y[6][18].
This has shown, in the appendix, the evaluation
method of w2x,2y and R2x,2y in terms of w1x,1y
and R1 by the ABCD matrix[6]. Again, laser diode
to single-mode parabolic index fiber coupling
efficiency via upside down tapered lens is obtained
by using the following overlap integral:

(4)[9]
Using Equations (2) and (3) in Equation (4), we
obtain

(5)[6]
The distribution of refractive index for graded
index fiber of arbitrary profile exponent (g) is given
by,
(6-a)
(6-b)
Where △ represents the grading parameter, which is
denoted by,
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(7)[19]
It deserves mentioning in this context that g =1, 2
and correspond to refractive index distribution in
terms of triangular, parabolic and step profiles
respectively. The Gaussian spot size
index fiber can be approximated as:

The constants
,
and
are evaluated by
applying parameter optimization technique .The
values found are as follows (1.5<V< ).
(9.a)
(9.b)

for graded
(9.c)

(8)

Fig.1: Schematic diagram of light beam emitted from the input plane 1 of a laser diode and refracted through
upside down tapered hyperbolic micro lens into plane 2 which is the end face of a circular core single-mode
parabolic index
III.RESULT AND DISCUSSION :
For estimation of coupling optics involving laser
diode and upside down tapered hyperbolic micro
lens drawn from the end of a parabolic index
circular core fiber, here, some laser diode has
emitting wavelength 725 nanometer to 830
nanometer.Additionally,as to this topic, the
refractive index of the material of micro lens with
respect to incident medium is considered as 1.46
.We choose the relevant parameters namely core
radius (a0) which is fixed at 4 micrometer and
change the radius of aperture (d) between 3 micro
meter and 6 micro meter. Further, here the upside
down taper length (zL) drawn from the end of the
fiber is 26.6 micro meter corresponding to the taper
length (L) measured from its geometrical vertex
being 80 micro meter. Again, in this case axial
refractive index of core as 1.46 was used while that
for cladding as 1.45. Further, it has been shown that
prediction of coupling optics based on planar wave
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front model for the incident beam from the laser
diode differs negligibly from that based on spherical
wave front model. Accordingly, for the sake of
simplicity along with accuracy, planar wave front
model for the present investigation were used. Here,
a upside down parabolic index fibers has taken,
having
spotsizes
(wf)
are
3.019,3.57,4.000,4.57,5.006,5.578 and 6.156 micro
meter. It is observed that we get 100% coupling
efficiency with the corresponding separation (u)
between laser diode and microlens for the spot size
of 3.57 micro meter in the specific range of
wavelength which is 730nm to 735nm.We also
observed that whenever we increase the spot size
and kept the core radius fixed at 4 micrometer and
radius of aperture fixed at 3 micrometer then the
higher coupling efficiency will shift in higher
region of wavelength and when we change the
radius of aperture in 6 micrometer and kept rest of
the parameters remain unchanged then higher
coupling efficiencies takes place in lower region of
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wavelength. Mainly when core radius is 4 micro
meter, radius of aperture is fixed at 6 micro meter
then at spot size 5.578 micro meter we observed
that coupling efficiency is 100% with the
corresponding separation (u) between laser diode
Table: 1

and microlens in the wavelength range of 740 750nano meter. The following data tables consist of
all the obtained data and the attached graphs shown
the highest efficiencies with respect to the
wavelengths.

Table: 2

Fig 2:Plot of highest coupling efficiency with corresponding wavelengths with respect to spot size
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Hence, from the available result set its pretty
obvious that with a fixed core diameter(4
micrometer in this case)and radius of aperture ,if we
increase the spot size, then we can achieve
maximum efficiency upto 100% in standard visual
wavelength for human. Efficiency decreases with
core diameter decrease and smaller spot sizes. From
previous research works it has know that the
wavelength 1.55 micro meters shows its maximum
efficiency in terms of excitation efficiency. It also
deserves mentioning in this connection that erbium
doped fiber amplifier and Raman gain fiber
amplifier work efficiently around the wavelength
1.5µm and as such the importance of 1.5µm is well
understood in all optical technology.[18] Moreover,
parabolic index fiber possesses the merit of large
bandwidth and low sensitivity to micro as well as
macro bending. Thus, such coupling device will
emerge as a potential candidate in the field of
optical technology.
IV.CONCLUSION
Using the ABCD matrix for refraction by a upside
down tapered hyperbolic micro lens, drawn on
single-mode parabolic index fiber, we formulate
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analytical expressions of the excitation efficiencies
in absence of possible mismatches. As regards the
execution of the formalism for evaluation of
concerned coupling optics, MATLAB has been
employed. Here, to investigate the coupling optics
for the range of a standard human visual spectrum.
It has been observed that the wavelength range
which is,740 to 825 nano meter is more efficient as
far as coupling efficiency is concerned.
specially from Illumination engineering point of
view using visible light would be very much cost
effective in this regard considering its bounty
availability and since its pretty easy to generate in
industrial environment. From the observation it has
been concluded that, for industry standard it would
always be advisable to choose suitably larger core
and spot sizes so that without major loss maximum
efficient level can be achieved. In this project, the
efficiency is achieved 100% which should be a
good enough level of efficiency to suit industrial
needs.
APPPENDIX A
The laser beam input and output parameters (q1,q2)
are connected by the region given below,
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The lens transformed spot sizes w2x,2y and radii of
curvature R2x,2y are obtained by using equations
(A.1),(A.2)[18]and the ABCD matrix given by
(A.3) and those are given below,

(A.1)[9]
Where,
(A.2)[6]
Here, R, n, w and
represent the radius of
curvature of wave front, refractive index, spot size
and the wavelength in free space respectively.[18]
The ray matrix M for the upside down tapered
hyperbolic micro lens on the fiber tip is given by:

Here,

Where,
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