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In-line control of polarization sensitivity for
fiber-optic biconical fused single-mode couplers
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The possibility to use the fiber-optic coupler input port as the polarization vector
rotator of linearly polarized light introduced therein to control the coupler polarization
sensitivity has been demonstrated in experiment. The experimental dependences of the
polarization vector rotation at the fiber coil output on the fiber straightening extent are

presented.

BKCHepI/IMeHTaJIBHO IIPpOAEeMOHCTPHUPOBaHa BO3MOMHOCTH HMCIIOJIB3OBaHUA BXOOHOT'O IIOpTa
BOJIOKOHHO-OIITUYECKOI'O pa3BEeTBUTEJIA B KaueCTBEe BpalllaTesisd BeKTopa IIoJApu3anu BBOAU-
MOI'0 B Hero JUHENHO IIOJIAPU30BAHHOI'O CBeTa OJId KOHTPOJIA HOJIﬂpPISaLIPIOHHOfI YYBCTBU-
TEeJBbHOCTU pa3BEeTBUTEJIA. HpI/IBeJIeHI:I 9KCIIepUMEeHTaJIbHbI€ 3aBUCUMOCTHU yIJla IIOBOPOTa BEK-
TOpa IIoJidpu3aliy CBeTa Ha BbIXOJ€e M3 BUTKA BOJIOKHA OT CTEIIeHM BBIIIPAMJIEHWSA BOJIOKHA.

The polarization sensitivity of a fiber-
optic coupler is a parameter that charac-
terizes the dependence of the electric power
distribution over the coupler output chan-
nels on the light polarization vector orienta-
tion in the input channel. Since laser
sources in networks emit as a rule an al-
most 100 % polarized wave that has an es-
sentially unpredictable polarization state at
the coupler input in the network, the cou-
plers having a too high polarization sensi-
tivity may influence negatively the optical
network operation. In this connection, of
urgency are the control problems of the
coupler polarization sensitivity both in the
course of its manufacturing and at the ac-
ceptance into service.

To study the polarization characteristics
of fiber-optic couplers, traditional polariz-
ing devices as well as commercial fiber-optic
polarization controllers similar to that pre-
sented in [1] can be used to control the
polarization of light being introduced
therein. Often, however, the polarization
sensitivity is to be estimated in a case when
such a device is not available or it is impos-
sible to connect the coupler thereto.

In the procedure proposed, the polariza-
tion at the functional block input of the
element to be studied is controlled using its

626

single-mode fiber inlet. To that end, a fea-
ture of the single-mode fiber under torsion
described in [2] is used. The fiber exhibit-
ing a linear birefringence is able to rotate
the light wave polarization plane at the
fiber torsion angle if T <<f and t>>p
where T is the torsion angle per unit length
of fiber; B, the fiber linear birefringence.
The method to provide the linear Dbire-
fringence in a fiber with initial small in-
trinsic birefringence value (about
0.02 deg/m) is similar to that described in
[3]. The birefringence is formed by winding
the single-mode fiber onto a flat bobbin or
as a helix. In that manner, a linear birefrin-
gence is induced by the bending stress. The
fast and slow birefringence axes lie in the
plane defined by the fiber bending radius
and perpendicular thereto, respectively.
The input and output fiber outlets of the
bobbin are arranged tangentially to the cor-
responding turns and are stretched in a
straight line coincident with the bobbin ro-
tation axis. The light polarization at the
fiber output is varied by turning the bobbin
and thus the linear birefringence axes. In
contrast, the input and output fiber outlets
of the helical winding are stretched along
the straight line coincident with the axis

Functional materials, 11, 3, 2004



G.D.Basiladze et al. / In-line control of polarization...

around which the fiber is wound, the wind-
ing should be turned about that axis to vary
the polarization of the transmitting light.
In both cases, the fiber outlets are fixed at
their ends in points arranged at a distance
from the corresponding windings, so that
the free sections of straight fibers are
twisted about their axes as the bobbin or
the helical winding are turned. Thereby, the
twisting birefringence is induced in fibers
being twisted in opposite directions. The po-
larization change induced by torsion of the
straight fiber free end at the winding inlet
is compensated by the torsion of a similar
section at the output.

Unlike the devices described in [3] where
the polarization is changed by rotating the
windings, in the procedure presented in this
work, the fiber convoluted freely into a sin-
gle loop of 5 to 10 cm diameter is straight-
ened or convoluted again without torsion,
similar to straightening or shifting, respec-
tively, of the helix turns. Thereby, the po-
larization is changed due to one-sided axial
torsion of the fiber at its straightening and
returns to the initial state as the coil loop
is restored. This operation is easy to repro-
duce by hand without any mechanical
devices.

Fig. 1 represents schematically the fiber
in the convoluted single loop (5) and under
straightening (5). When the fiber sections
at the loop start and end arranged along the
tangent to the loop are fixed in movable
clips, then, as the loop is straightened, the
fiber is twisted at an angle being in propor-
tion to the distance between the clips and
the number of turns and in inverse propor-
tion to the initial bending radius of the
fiber in the turn. Thereby, if the polariza-
tion vector of linearly polarized light at the
input coincides with one axis of the fiber
linear birefringence in the convoluted state
and the condition t << 3 is met, the light
polarization plane must be rotated together
with the fiber principal axes as the fiber is
straightened. In the course of the further
straightening, the twisting birefringence
becomes predominant gradually.

The bending birefringence can be calcu-
lated using approximate expression [4]

B~1/8-(d/R2-E-C-k

where E = 7.6-1010 N/m? is the Young modu-
lus for melted quartz; C = 3.5-10712 m2/N,

the photoelasticity constant; k& = 2n/A. The
bending birefringence calculated for R = 2 cm
and fiber diameter d =125 um is
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Fig. 1. Experimental setup diagram.

f=6.25 rad/m. For a completely straight-
ened fiber loop (twisting of 360°) with that

radius, 1=50 rad/m.

In experiments on the polarization be-
havior at the fiber straightening and re-
coiling, single-mode fiber (Corning SMF-28
TM) was used that is applied to produce the
couplers. Fig. 1 shows schematically the ex-
perimental setup where 1 is the semiconduc-
tor laser emission source (A = 1.31 um); 2,
optical joint; 3, leading fiber to introduce
the linearly polarized laser emission into
the fiber under study; 4, stationary clip to
fix the input end of the fiber turn; 5, the
loop under study in the initial state; &,
that under straightening; 6, movable clip to
fix the output end of the fiber turn; 7,
polarization analyzer; 8, germanium light
receiver; 9, photocurrent recorder. The
movable clip 6 can be shifted in the direc-
tion coaxial with the input and output fiber
loop ends. The analyzer 7 and photoreceiver
8 are moved together with the clip 6. As
the clip 6 is moved, the loop is straight-
ened. In the intermediate state 5’, the loop
has a helical shape. The fiber turns with
initial bending radii R, of 2.5 and 5 cm
that are most consistent with limits of the
loop radius values as the method is used
with the loop being handled by hand.

The linearly polarized laser emission
with the polarization vector lying it a plane
parallel to that of the loop one was intro-
duced into the loop of a certain radius via
the input loop section fixed in the station-
ary clip 4. The maximum (/,,,,) and mini-
mum (I,,. ) light intensity at the loop out-
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Fig. 2. Polarization plane rotation angle at the output of the fiber loop being straightened and the
polarization extent of the output emission as functions of the clip-to-clip distance at different

bending radii of the fiber loop.

put were recorded at rotation of the ana-
lyzer 7 using the photodiode 8 and recorder
9. At the maximum intensity, the analyzer
reading was fixed answering to the initial
the polarization vector direction of the light
passing through the turn. In all the experi-
ments, that direction coincided with the
loop plane within the experimental accu-
racy. As the clip 6 was shifted by every
0.5 cm together with the analyzer 7 and the
light receiver 8, the polarization extent and
direction of the light passed through the
fiber were measured. The polarization ex-
tent was determined as P=(I,,, — 1,;,)/
U ax T 1min)100 % and the polarization di-
rection, from the analyzer limb reading at
the maximum photocurrent value indicated
by the recorder 9.

In Figs. 2a and 2c¢, presented are the ob-
tained experimental dependences of the po-
larization vector rotation angle o at the
output of the fiber turns being straightened
on the clip-to-clip distance L for R, = 2.5 cm
and R, =5 cm, respectively. Figs. 2b and
2d show similar experimental dependences
of the polarization extent P. It follows from
those plots that the polarization vector ro-
tation varies almost linearly as the fiber
loop is straightened at both loop radius val-
ues. As the movable clip is returned to its
initial position, that is, as the loop ends
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become closer to one another, the polariza-
tion vector is rotated in the opposite direc-
tion. The light polarization extent remains
essentially unchanged as the distance Dbe-
tween the loop ends varies. Only slight
(about 5 %) drops (characteristic valleys in
the curve) are observed that, as the method
application practice has shown, have no
practical influence on the estimation of the
coupler polarization sensitivity.

The relatively low light polarization ex-
tent shown in the Figures seems to be
caused by either a somewhat orientation in-
accuracy of the laser source in relation to
the fiber loops studied or a some light depo-
larization in the matching elements 2 and 3
of the measuring setup (a fiber connecting
element of about 1 m length was used).
This circumstance was considered to be of
no substantial importance, because the ex-
perimental purpose was not to study fine
physical effects but to model a real situ-
ation to be used in the procedure.

The polarization vector rotation tech-
nique described here was tested in experi-
ment during estimation of the polarization
sensitivity of fiber-optical biconical fused
couplers.

A fiber (Corning SMF-28 TM) input of a
1x2 coupler connected to a linearly polar-

ized light source (A =1.31 um) is convo-
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luted within the plane longitudinal to the
polarization direction (or orthogonal
thereto) into a single loop with bending
radius 2.5 or 5 cm. The fiber outputs 2
and 3 are connected to the optical power
monitoring devices where output signals
I, and I3 are recorded. The fiber sections
forming the loop tangent at its start and
end are fixed in movable clips. As the
clips are moved apart along the tangent,
the loop is deconvoluted up to the fiber
straightening. As a result, the fiber be-
comes twisted by 360° causing the light
polarization plane rotation at the output
almost at the same angle. In the course
of the loop deconvolution, the minimum
and maximum light intensities at the
coupler outputs I;,,, and I,,;, are re-
corded, i = 2, 3 being the numbers of the
coupler fiber outputs. The polarization
sensitivity of the coupler is estimated as
Ay = 10-log(;max/Timin)-

The so determined values of polarization
sensitivity for 10 couplers were compared
with values obtained by the traditional rota-
tion method of the light polarization vector
at the front of the coupler input fiber. The
discrepancy of the results did not exceed
10 %.

It is to note that the proposed method
yields to traditional ones (based on standard

volume polarization optics and fiber-optical
polarization controllers) in the accuracy of
polarization azimuth setting at the input of
the element under study as well as in oppor-
tunities of the polarization state and extent
in the introduced emission. Nevertheless,
the experimental results show that, under
observance of simple guidelines in matching
of the laser source and connecting fiber
with the element being examined, the
method provides an accuracy sufficient to
reject the pieces and an effective estimation
of the polarization sensitivity of a fiber-op-
tical element at reduced labor expenditure
of that estimation.
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OnepaTuBHHN KOHTPOJIHb MOJAPHU3AMINHOI YyTJIUBOCTI
BOJIOKOHHO-OIITHYHUX OiKOHIYHO CILIaBJEeHUX
OTHOMO/JOBHMX PO3Trajly:KyBadiB

I'.].Bacunadse, O.1.[]onzoe, B.H.Bepixcancovruil

ExcnepuMeHTaIbHO IMIPOJEMOHCTPOBAHO MOJKJINBICTH BUKOPUCTAHHA BXiHOT'O IOPTY BOJIO-
KOHHO-OIITUYHOTO po3rajysKyBaua sSK obepTraya BeKTOpa IOJApHU3allii JiHIHO MmoJasapua3oBa-
HOTO CBiTJIa, iK€ BBOAUTHCS B IOPT, IJA KOHTPOJIIO IMOJSIPU3AMiiHOI UYTINBOCTI POSTATYIKY-
Baua. HaBeeHO eKcIepuMMeEHTAIbHI 3a/Ie’KHOCTI KyTa IMOBOPOTY BeKTOpa ImoJapuaallii ceitia
Ha BUXOJi 3 BUTKA BOJIOKHA BiJ CTYIEHIO BUIPAMJIEHHS BOJOKHA.
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