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An All-Fiber Fused Biconical Filter with
Two Ring-Three Fiber Mutually Couplings
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Abstract 1In this paper. a spectral characteristic of two ring-three [iber mutually coupling filter
has quantitatively analysed by assuming a total-amplitude coupling coefficient in the weakly and
strongly coupling sections of the fused biconical structure to be equal to the amplitude coupling co—
efficient in the [iltering network equations. The measured passband profile of the experimental il-
ter is basically in agreement with the theoretical one. The measured center wavelength, regretion,

half-power bandwidth and insertion loss of the investigated filter are 1. 27 pm, > 13 dB, 72 pm and
3.9 dB, respectively.
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1 Introduction

As an important device, it is predicted that all{fiber filters will be widely used in optical
fiber communication, sensing, lasing, information conversing, processing and spectrum
analysing systems, etc. Some papers on modelling of all{iber filters have been reported '™ ",
in which network theories are normally adopted. In the theories, an amplitude coupling coef-
ficient is introduced to deseribe the coupling process of the filtering network, but the coeffi-
cient itself is not relevant to the concretely coupling structure of the fused biconical filters.
The theories, therefore, are qualitative. By our judgement, a quantitative theory on mod-
elling of the filters has not been reported yet. which is quite important to the filter design. In
this paper, the authors will introduce a mathematical model on quantitatively computing the
spectral characteristic of the filters. In the light of the model, a variety of spectral character—
istics of the filters can be estimated in advance. Generally speaking, the fused coupling
structure is normally separated into weakly and strongly coupling sections, the formaer can
be descibed by the cross coupling between the two weak-guide wzwe;_gi.Jide:-;lmlq and the laster
can be explained by the interference between the two surface waves in the same dielectric

waveguide'' . Nevertheless. it is very difficult that how to define the interface of the two
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I can not be suitable for

kinds of coupling. The interfaces defined by different authors''
our situation though their definitions suit for calculation of the couplers and WDMs. It is not
successful when we adopt the definitions in calculating the fused filters. In this paper, we set
up a new definition for the interface where the coupling coefficient per unit length in the
weakly coupling section reaches maximum and, meanwhile, the difference of the coupling co-
efficients per unit length between the weakly and strongly coupling sections is minimum,
which means an optimum transition from the weakly coupling section to the strongly cou-—
pling section and vice versa. Based upon the new definition, the result of the theoretical cal-
culation for the filter can basically consist with that of experiment, as shown later. In the
model, the equivalence—coupling coefficient concept in the weakly and strongly coupling sec—
tions, the over-coupling concept in the filtering network and the core—core contracting ratio

in the drawing process are introduced.

2 Theory

1) The configuration of the investigated filter is shown in Fig. 1. Based on the network

| 15] . .
. the network equations can be summarized below:
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Fig. 1 (a) The configuration of the investigated filter. z; = z:is coupling region, (b) the triangularly
coupling eross=section in the middle of the taper. (c¢) an equlvalence-rectangle dielectric waveg-

uide in the strongly coupling section, r is the core-core contracting ratio in the drawing process
o= \Jlr — 2 1 2 = \llr - 2 ] ; =
Bi= ( /1 2k + }k.‘;)A“’ Bia= ( V1 2k” + -"k.‘;i)A”’ 1 1, 2, 3
(1)

here, A 2, Bi. 2 are scattering matrix elements, & is amplitude-coupling coefficient betw een
arbitrary two fibers in the coupling structure, j is complex unit and shows couping wave is a—
head of m/2 to throughput wave, first subseript i indicates ith fiber., second subecripts 1, 2
indicate input-port reference area z1 and output-port reference area z2, respectively. On the
two reference areas, the boundary conditions hold:

An= 1, A= 0, A= Boexp |- (a+ 9],

Aiz= Biuexp|[- (a+ jH], a= ar+ a, P= 2mil/A, t#=1 (2)
here, Ais operating wavelength, [ is the length of the fiber ring, ®is total loss. aiis the splic—
ing loss of the fiber rings, a2is the loss in the coupling structure, ni is refrective index of the
core of the fiber.

It is worth notice that the coupling coefficient k£ in equations (1) has a following form:

k= kla(z), A, ni], i=1, 2, 3 (3)

here, ni are the refractive indexes defined in Fig. 1, a(z) is cladding diameter of an arbitrary
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fiber in the fused biconical region. z is along the taper—

a(z)(um) experiment
125 "

10

ing direction. Fig.2 shows the measured and the simu-
lating curves of the tapering dimension. The simulat—

ing formula is listed as follows:

3 5
a(z) = ao+ az + axz’ + axz’ + asz’ (4)
19.
here, ao= 19.4, a1 = 5.3889E- 3, ax= - 3. 1667E- . . )
6, as= 2.345TE- 9, as = - 2.5185E- 13. It has been ° z z(mn:) ¢
confirmed that the measured curve satisfies adiabatic
.. 16 17] Fig. 2 The measured and simulating
condition

curves of the tapering dimen-—

2) In the weakly coupling section, the coupling sion along = direction of Fig. |

coefficient per unit length in the weak—guide waveg- (a). The solid line is belong to
uides can be writtern as: experiment and the dashed line

A WK o(wra/P)
Cla. N = om0 PViKi(w) (5)

simulating

here, Pis core radius of the fiber, V = (2mP/}) In? - n}is the normalzed frequency, wandw
are lateral wave numbers, Ko, K1 are modified Bessal functions of order 0 and 1, respective—
ly. In this case, it is worth notice that u and w are functions of a(z). meanwhile, in the ar—
bitary cross section of the tapering region, V, w and w should satisfly the characxteristic e—
quations''” of the focal” fundamental mode''”, as mentioned in section 2, 1). Dut to C(a)

varying with z, the coupling coefficient in the weakly coupling section can be writtern as:
“t
Colu = 2 ﬁ:[ a(z)]dz (6)

here, 2z: denotes the tapering length. z:is the interface defined in Introduction.

3) In the strongly coupling section, the core of the fiber is so thin that it can be neglect—
ed. The coupling sections is deseribed by an equivalencerectangle dielectric waveguide,
within which only the local fundamental and first high-order modes interfer each other to oc—

. 19 . T . . '
cur coupling'”. The coupling coefficient in this section can be expressed as:

4§

Cl, = J”,g..(a,) - Bu(a)]dz (7)

here, Bu and Ba1 are propagation constants of the above two modes in the dielectric waveg—
uide, respectively.
4) Based on the conventional definition of the coupling coefficient used in couplers and
WDMs, the total-amplitude coupling coefficient of the tapering region is summarized as:
E(A) = sin [ Culu(A) + CL(A)] (8)
Obviously, the coupling coefficient of the filtering network, &, should be equal to the above
coupling coefficient:
k= k(A (9)
substitution of equations (2)~ (9) into equation ( 1), the spectral characteristic of the inves—
tigated filter can be predicted. Two calculating methods have been performed. one is in—
closedform solution solved from the complex equation (1), the other is based on numberical

calculation. The two results are identical exactly.
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3 Experiment

The experimental process is briefly summarized below. Three same-dength fibers are
stripped the jackets in their middle sections, then, the sections are put through a cleaning
operation. Two fibers are selected to make the fiber rings by splicing their two free ands as
shown in Fig. 1(a). The three cleaned fiber sections contacted each other are attached on the
platform of the bidirection-extending machine, which is controlled by microcomputer and
used with an oxygen-hydrogen burner controlled by electronic massflow controllers. A moni-
tering light at 1. 3 ym from a monochrometer is injected to input fiber and measured from out
fiber by a x-y recorder to observe power change during drawing process of the filter. An os—
cillating curve is appeared on x—v recorder, from which a suitable peak is selected to stop
drawing, then the spectrum of the investigated filter is scaned by the monochrometer.

The structure parameters and the experimental data of the investigated filter are listed

below:

Standard Corning fiber, cut-off wavelength A- = 1. 24, core diameter= 9 pm, cladding
diameter= 125 ym, the refractive indexes of core, cladding and air are ni = 1.461, n. = 1.
458 and n3 = 1, respectively, the biconical dimension is shown in Fig. 2 or computed from e-

auation (4). the core-core contracting ratio in the drawine process. r= 0. 6. splicing loss of
the fiber rings a1 = 0.9 dB ( Adopted from the average splicing loss of the fiber splicing ma—
chine used), loss of the coupling region 2= & — o= 3.0 dB (ais the total measured loss),
the length of each fiber ring [ = 80 c¢m.

The measured center wavelength, rejection (maxi—
Eour. mum pow er/minimum pow er whithin band), half-pow -
er bandwidth and insertion loss of the investigated fil—
ter are 1.27 pm, > 13 dBm 72 pm and 3.9 dB, respec—

0. 4F . . .
tively, as shown in Fig. 3. The passband-specirum

0.2r

curve of the filter has been plotted. Thus, a coinci-

0 : :
1.06 122 1. 38 (um) dence between theoretical calculation and experiment

can be seen. It is noticed that in Fig. 3, insertion less

Fig. 3 The passband-spectrum curve of 3 9 4B has been deducted from the theoretical and the

the investigated filter: — theory, .
experimental curves.
# ¥ experiment

Discussion In Fig. 3 the outband-side lobes are appeared in the measured curve. The reason
why they occur is still unclear. The following reasons are conjectured.

1) The length of two fiber rings is not exactly identical due to measuring error and con—
traction at splicing point.

2) The secondarily coupling effect in the network equations is not considered.

We have not done the computation considering the above factors, because it is quite

complicated.
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