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Temperature-Independent Temporary Optical
Coupler Using Fiber Bending Technique

Takui Uematsu , Hidenobu Hirota, Tomohiro Kawano , Hiroyuki Iida , Kazutaka Noto, and Kazunori Katayama

Abstract—This paper shows how to reduce the temperature
dependence of a temporary optical coupler that enables us to output
a signal light from a bent fiber by aligning a probe fiber in the
path of the light leaked from the bent fiber and input a signal
light from the probe fiber to the bent fiber. We experimentally
demonstrate that the temperature dependence of the coupling effi-
ciency between the bent and probe fibers is significantly improved
by reducing the misalignment between these fibers created by
temperature changes. First, we confirm by comparing calculation
results to measured values that the temperature dependence of
the conventional structure is caused by misalignment between the
bent and probe fibers created by the difference in the thermal
expansion of the components. Next, we demonstrate that the tem-
perature dependence of the coupling efficiency is suppressed by
using a structure that reduces the misalignment, and the proposed
temperature-independent temporary optical coupler provides the
coupling efficiency required to support its application over the wide
temperature range of -10 to 50 degrees Celsius (equivalent to a
fusion splicer) for fibers compliant with ITU-T G. 652 and G. 657.

Index Terms—Fiber bending, temperature dependence,
temporary optical coupler.

I. INTRODUCTION

F IBER-TO-THE-HOME (FTTH) services are widely used
all over the world, and the number of FTTH subscribers

will continue to increase. The importance of continuous FTTH
service continues to strengthen. However, since the number
of optical fiber cables continues to increase significantly, their
maintenance and operation of them will become a tough work.

Temporary optical couplers (TOCs) employing non-
destructive fiber bending techniques have been proposed to
realize highly efficient maintenance and operation [1], [2], [3],
[4], [5], [6], [7], [8], [9], [10], [11], [12]. The TOC enables us
to output a signal light from a bent fiber by setting a probe
fiber in the path of the light leaked from the bent fiber and
input a signal light from the probe fiber to the bent fiber. The
TOC realizes insertion of a temporary optical coupler at any
point without cutting the target fibers and can be applied to fiber
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identification [1], [2], [3], [4], detour route formation [5], [6],
[7], [8], [9], and temporary test instrument connection [10], [11],
[12]. The TOC is usually applied outdoors in a variety of weather
conditions and so should be independent of weather conditions.
However, components constituting the TOC expand or contract
due to environmental temperature changes. This degrades the
coupling efficiency between the bent and probe fibers due to
their misalignment. No previous research has, to the best of our
knowledge examined or solved this problem.

In this paper, we experimentally demonstrate that the temper-
ature dependence of the coupling efficiency can be significantly
reduced by suppressing the misalignment by careful design of
the TOC components. First, we confirm by comparing calcula-
tion and measurement results that the temperature dependence of
the conventional TOC is caused by the misalignment between
the bent and probe fibers due to the difference in the thermal
expansion/contraction of the components. Next, we demonstrate
that the temperature dependence of the coupling efficiency is
reduced by using a structure that resists the misalignment. Our
proposed TOC yields coupling efficiencies better than −20 dB
required to support the application over the wide temperature
range of −10 to 50 °C (equivalent to commonly used fusion
splicers [13]) for fibers compliant with ITU-T G. 652 [14] and
G. 657 [15].

II. TEMPERATURE DEPENDENCE OF CONVENTIONAL

STRUCTURE

The conventional structure of the TOC is shown in Fig. 1.
Convex and concave clamps are used to bend a fiber with the
correct bending radius of 2 mm and angle of 90 degrees [12].
The concave clamp is made of optically transparent plastic and
the refractive index of the plastic is the same as that of coating
of the bent fiber to avoid any reflection of the leaked light at
the boundary between the coating and the clamp. The convex
clamp has a V-groove to set the fiber in the correct position. The
probe fiber is used to input/output light into/from the bent fiber,
and it is aligned and fixed so that the highest coupling efficiency
between the bent and probe fibers is obtained. A graded-index
(GRIN) lens is spliced to the tip of the probe fiber to improve
the coupling efficiency. In this paper, we use a single-mode fiber
as the probe fiber so that it can be connected to conventional
repeater and test instruments such as an optical time domain
reflectometer (OTDR) [6], [11], [12]. The GRIN lens is designed
to obtain a beam waist diameter of 25 μm at a focal length of
about 1 mm. Magnets are employed to bend the fiber within the
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Fig. 1. Structure of the conventional TOC.

short switching time of several tens of milliseconds. The clamps
touch to bend the fiber when N-pole and S-pole magnets face
each other, and in other cases, the clamps separate to release the
fiber.

The concave clamp, the convex clamp, the base 1, and base 2
are made of materials that have different coefficients of thermal
expansion. This results in a drop in coupling efficiency due to
misalignment between the bent and probe fibers when environ-
mental temperature changes from the temperature at the time at
which the probe fiber was aligned and fixed. Fig. 2 shows the
measured deterioration in the coupling efficiency as a function

Fig. 2. The deterioration of the coupling efficiency as a function of x-, y-, and
z-axis misalignment.

of x-, y-, and z-axis misalignment. The coupling efficiency
decreases exponentially with x- and y-axis misalignment, but
only slightly dependent on z-axis misalignment.

The y-axis misalignment is derived from the difference be-
tween the thermal expansions of the convex and concave clamps
and is given by

(α1 − α2)L3ΔT (1)

where α1, α2, L3, and ΔT are, respectively, the coefficients of
thermal expansion of the convex and concave clamps, the length
shown in Fig. 1(d), and the temperature change. The x-axis
misalignment is given by

f (ΔS) sin θ (2)

where ΔS, f(ΔS), and θ are, respectively, the amount of change
in the distance between the convex and concave clamps due to
temperature change ΔT, displacement of the core of the bent
fiber relative to the probe fiber as a function of ΔS, and the
angle between w- and z-axis. ΔS is derived from the difference
of the thermal expansions of the components and is expressed
by the following equation,

ΔS =

{
kΔT (kΔT > 0)
0 (kΔT ≤ 0)

(3)

k = (α1 − α3)L1 + (α1 − α2)L2 (4)

where α3, L1, and L2 are, respectively, the coefficient of thermal
expansion of base 1, and the lengths shown in Fig. 1(d). The
first term of (4) represents the change in L1 due to the difference
between the thermal expansions of the base 1 and base 2, while
the second term expresses the change in L2 caused by the thermal
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Fig. 3. The movement of the fiber-core position in w-axis direction.

Fig. 4. The temperature dependence of the conventional structure.

expansion differences of the base 1 and transparent clamp.
Fig. 3 shows the movement of the fiber-core position in w-axis
direction due to temperature change. The V-groove is designed
to crush the bent fiber by 50 μm when the convex and concave
clamps touch each other. For the case of ΔS < 50 μm, the fiber
is crushed while deforming into an ellipse as shown in Fig. 3(b).
It is intended to give the fiber an elliptical surface shape in

TABLE I
CALCULATION SPECIFICATIONS

Fig. 5. Proposed structure of temperature-independent TOC.

Fig. 6. Measured temperature dependence of the proposed and conventional
structures.

order to increase the loss and coupling efficiency. For the case of
ΔS > 50 μm, the fiber is not in contact with the concave clamp
as shown in Fig. 3(d). Thus, we assume that the movement of
the core position can be expressed by

f(ΔS) =

{
ΔS
2 (0 ≤ ΔS ≤ 50μm)

ΔS + 25 (50μm < ΔS)
. (5)

Fig. 4 plots the temperature dependence of the conventional
structure over the temperature range from −10 to 50 °C. The
calculated result was obtained from the deterioration of the
coupling efficiency shown in Fig. 2 and the misalignments in the
x- and y-axis direction derived from (1) to (5) with the calculation
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Fig. 7. Measured coupling efficiency for wavelengths of 1310, 1550, and 1650 nm at temperatures of −10, 25, and 50 °C.

parameters shown in Table I.α1,α2, andα3 were respectively set
to the thermal expansion coefficients of stainless steel 304, poly-
carbonate, and aluminum provided by the manufacturers. These
coefficients are in agreement with widely used typical values
[16], [17], [18], [19], [20]. The TOC was held in a thermostatic
chamber and the bent fiber had a mode-field diameter (MFD) of
8.4 μm (compliant with ITU-T G. 657). The temperature was
decreased by 10°C per hour from 50 to -10°C. The probe fiber
was aligned and fixed so that the highest coupling efficiency
was obtained at a temperature of 50°C. The experimental result
is in agreement with the calculated one except for temperatures
below 5°C. It is considered that the divergence below 5°C is
mainly due to the formation of an air layer in the path between

the bent and probe fibers because the concave clamp completely
separates from the bent fiber at a temperature of 5°C. The light
output from the bent fiber is reflected at the boundary between
the coating of fiber and the air layer. The light input from the
probe fiber is also reflected at the boundary between the air layer
and concave clamp. This causes a significant reduction in the
coupling efficiency as shown in Fig. 4. It is confirmed from Fig. 4
that the temperature dependence is caused by the misalignment
between the bent and probe fibers due to the difference in the
thermal expansion of the components. The coupling efficiency
must be improved to meet our target value of −20 dB for
actual real-world application [5], [6], [7], [8], [9], [10], [11],
[12].
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III. PROPOSED TEMPERATURE INDEPENDENT STRUCTURE

Fig. 5 shows the proposed TOC with temperature compensa-
tion configuration. There are two advances over the conventional
structure. The first is that a spacer made of the same material as
the concave clamp is installed under the convex clamp to sup-
press the y-axis misalignment. The second is to install a spring
so that the concave and convex clamps remain in contact with
each other to suppress the x-axis misalignment. The thickness
of the spacer, L4, is 3 mm. The spring is selected so that a force
of 20 N is applied at a temperature of 25 °C to crush the bent
fiber by 50 mm when the convex and concave clamps are in
contact as illustrated in Fig. 3(a). The force fluctuates by less
than 2 N in the temperature range of −10 to 50 °C, and so does
not contribute to changes in the coupling efficiency.

IV. EXPERIMENTAL RESULTS

Fig. 6 shows measured temperature dependence of the pro-
posed and conventional structures over the temperature range
from −10 to 50 °C. The TOC was held in the thermostatic
chamber and the bent fiber had MFD of 8.4μm. The temperature
was decreased by 10 °C per hour from 50 to −10 °C. The
deterioration in the coupling efficiency was no more than 1.1 dB
for the proposed structure, which is a significant improvement
over the conventional structure.

Finally, we confirm that the proposed structure achieves the
target coupling efficiency of better than −20 dB. Fig. 7 shows
the measured coupling efficiency for wavelengths of 1310, 1550,
and 1650 nm at temperatures of −10, 25, and 50 °C. The sample
fibers were compatible with ITU-T G. 652 (minimum bending
radius = 30 mm) and G. 657 (minimum bending radius =
15 mm). These fibers had MFDs of 9.4 and 8.4 μm, respectively.
From Fig. 7, the coupling efficiency for the three wavelengths
achieved the target of over −20 dB at all temperatures. The
highest coupling efficiency was obtained at 1550 nm, because
we aligned the probe fiber at 1550 nm. We confirmed that the
proposed structure attained the target coupling efficiency, and
is suitable for real-world application [5], [6], [7], [8], [9], [10],
[11], [12].

V. CONCLUSION

Experiments demonstrated that the temperature dependence
of temporary optical coupling efficiency was significantly re-
duced by countering the misalignment due to temperature
change. First, the temperature dependence of the conventional
structure was measured, and indeed the coupling efficiency was
shown to significantly degrade with temperature change. Next,
the validity of the assumption that the temperature dependence
was caused by misalignment between the bent and probe fibers
due to the difference in the thermal expansion/contraction of the
coupler’s components was confirmed by comparing calculation
and experimental results. Finally, we elucidated which coupler
structures were responsible for the misalignment. Our proposed
temperature-independent TOC provides the coupling efficiency
required to support application in the wide temperature range of
−10 to 50 °C (equivalent to a fusion splicer [13]).
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