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Research on transmission character of side polished fiber
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Abstract: Transmission characteristics of the side polished fiber were studied by experimental method. The side polished fibers

with different depth and length were implemented, and the corresponding wavelength dependent loss was measured. Based on

wheel fabrication, the side polished fibers were achieved with the low insertion loss and cost. Meanwhile, they can be artificial-

ly controlled for the use of evanescent field area and easy to system integration.
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0 Introduction

Since the 1970s, with the rapid development of sci-
ence and technology. attention of the optical fiber
communication technology with the carrier of optical
fiber has been widely paid in the field of scientific re-
search and practical life, not just in the optical fiber
communication industry. Because of its fast response
speed, strong ability to resist electromagnetic inter-
ference, high sensitivity, easy to integration, small
volume, low cost, high security and other irreplacea-

1, the position of sensor is becoming

ble advantages™
important. As the forerunner of sensing technology,
the optical components on the basis of the optical fi-
ber material is being more and more popular, one of
which is the side polished fiber (SPF) that can pro-
duce a variety of all-fiber device basic optical ele-
ments >,

In the late 1970s, SPF can be cast. Thirty years
ago, R. A. Bergh take silica radical into a arc slot,
glue the optical fiber, and then put the optical fiber

on the machine to polishing™. This method make
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the SPF has a big volume and complicated prepara-
tion process, easy to break, but the polishing grind-
ing area is not flat, the shortcomings are high cost
and low yield"*™,

In view of the above shortcomings, using precision
optical processing technology, SPF is made by wear-
ing off ordinary fiber cladding of the optical fiber,

and its structure diagram is shown in Fig. 1.

Fig. 1 Structure of SPF

SPF is naked in ordinary single-mode optical fiber
in a certain area, by one-side polishing cladding of fi-
ber core, the cladding polished off part is made of a
fiber, whose cross-sectional is shaped like English

letter D!, and the section without grinding is still a
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cylindrical, the profiles are presented as Fig. 2.

Fig.2 Before and after side polishing process

Wear off the single-mode fiber cladding side part,
light will be easy to leak out from the optical fiber
core if the remaining cladding thickness is small.
Cover the SPF surface with materials of different re-
fractive index, which can cause the change of light
transmission in the fiber core and optical power™"?,
Although the SPF is structurally similar to D type

[ it has more advantages than the tra-

optical fiber
ditional D type optical fiber, such as its simple pro-
duction process, cost savings, low price, etc. So the
SPF can be made into optical fiber devices and sen-
sors, and it has become one of the indispensable ma-

terial and optical element™'?'J,

1 Theory base

Guided modes in optical fiber occur total reflection
at the interface of the fiber core and cladding. Most
of the energy is concentrated in the fiber core, but
part of the energy will permeate into the cladding and

the external environment, and it is a kind of strength

LD optical
source

Grinding wheel

Optical fiber

along the fiber radial exponential attenuation of elec-
tromagnetic wave, which is called as evanescent field
of the fiber™".

cladding can ensure the transmission of the light field

Suitable thickness of the optical fiber

in the fiber core. When polishing or chemical etching
makes the cladding thickness decreases to the evanes-
cent wave field exist, which the distance from fiber
core is only a few microns, a light transmission in the
core of the evanescent wave field “leakage window” is
formed™®. Fiber core closer to the external environ-
ment, the more energy will permeate, the interaction
between the outside and optical fiber will be stron-
ger. Due to the SPF structure of non-circular symme-
try, it is more close to the outside environment com-
pared with the conventional single mode fiber core,
so the interaction of outside world and the optical fi-
ber is better than that of ordinary single mode optical
fiber. It makes the SPF can be applied to energy cou-
pling, refractive index sensing., bending sensing and

so ont'®,

2 SPF transmission characteristics

As Fig. 3 shown, one end of SPF connects to the
light source, another end connects to the optical
power meter, for measuring the transmission charac-
teristics. Keep the power of light source output and
wavelength unchanged, replace the different residual
thickness of the cladding fiber, study the change of

the optical fiber transmission of optical power.

Optical power
meter

Fig.3 Schematic diagram of SPF

2.1 Effects of film thickness d on the trans-

mission characteristics of optical fiber

The SPF used in the experiment of the side length
of grinding zone is 10 mm, the residual thickness of
cladding is 91, 79 and 74 pum, as Fig. 4 shown.

Under the same situation, use of optical power
monitoring equipment, examine side profile grinding

fiber with different d, measure the relationship be-

tween transmission light power loss and d of the side
polished optical fiber. The d is measured by diameter
measurement and control system with high precision.
The input optical power I, = 0 dBm, polishing zone
length L, = 10 mm. grinding wheel granularity is
7 000, the experiment result is shown in Fig. 5.
When d <{45 pm, optical power loss is less than
5 dBm, while when d>>45 pm, loss increases obvi-
ously. In the case of d=60 pm, optical loss up to
30 dBm.
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Fig. 4 Different depth of film
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Fig.5 Relation between polished cladding depth and trans-

mission loss

2.2 [Effects of sand paper roughness on the op-
tical fiber polishing film

In order to study the influence of optical transmis-
sion characteristics of profile grinding surface rough-
ness, the sand papers with granularity of 3 000 and
12 000 were used respectively. Visible surface of SPF
by 3 000 granularity sand paper coarse grinding is
very rough, light scattering is big, two bright
streaks of fiber core almost can’t be seen clearly. U-
sing the sadpaper with granularity of 12 000 grinding
of optical fiber, the layer of the cladding is also seen
clearer, there is no astigmatism point throughout the

polishing surface, which shows that the grinding sur-

face roughness is small. When the polishing zone
length L, =

roughness optical transmission characteristics is

10 mm, the influence of the polishing

shown in Fig. 6. Experimental results show that the

rougher grinding surface the greater the attenuation
g g g g

of the light.
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Fig. 6 Effect of roughness on optical transmission properties

3 Conclusion

SPF is low cost, small size and has unique optical
properties. It can be made for the new type of optical
fiber devices. People need different grinding length
and depth of side grinding fiber. The theoretical sup-

port and experimental evidence are all necessary.
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This article provides the basis for production of new
all-fiber device by studying the optical transmission

characteristics of the SPF.
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