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Abstract

This report introduces the R&D project named “ Development of polarization
maintaining Tfiber devices for WDM(Wavelength Division Multiplexing) optical
communications” . The main target of this project is to develop an optical add-drop
multiplexer (OADM) device which is necessary for dense WDM (DWDM) system. There are
two key technologies for OADM, such as the fabrication of fiber Bragg grating (FBG)
and the polarization maintaining (PM) fiber coupler. Moreover, OADM can be constructed
by splicing the FBG and PM fiber coupler. Hence, the development and fabrication of
the above two key devices are of great importance and that are  summarized as follows.

FBG is described as the fabrication system selection (chap.2), development of
fabrication system (chap.3), fiber coupler fabrication (chap.4), FBG theory and
experiment (chap.5), and discussions (chap.6) respectively.

The Bragg resonator consists of many parallel weak reflectors, or a periodic
variation of reflectivity. One may also think of it in terms of propagation constant
variation, or better in terms of refractive index variation. A Fiber Bragg Grating
(FBG) consists of a fiber segment whose index of refraction varies periodically along
its core length. This periodic variation is formed by exposing the germano-silicate
core of the fiber to an intense ultraviolet (UV) optical interference pattern with
a period equal to the periodicity of the grating to be formed.

Altering the refractive index by exposure to intense light is a property of
germanium-doped silicate known as photosensitivity. When the fiber is exposed to an
intense UV periodic uniform pattern, structural periodic defects are formed, and thus
a permanent variation of the refractive index with intended periodicity occurs. The
periodic variation of the grating is made by producing an interference pattern.

Light propagating through the fiber will be reflected at certain wavelength when
the fiber core is periodical ly changed with the high-and low-refractive-index regions
along the fiber. This is accomplished by photosensitive effect- exposing the optical
fiber to the interference pattern of ultraviolet (UV) light with a wavelength.
Practically, two methods are applicable to obtain the interference pattern. One is
known as the phase mask method in which a phase mask is utilized to obtain the
interference pattern. Another method is called double beams interference method where
a grating is obtained by splitting a UV laser beam and recombining it onto the fiber
to form a standing wave.

Though the phase mask method has owns merits in reliability and much production,

masks with different kinds of periods are necessary to have various wavelengths



reflected, however. Conversely, in double beam interference method, a grating of the

required wavelength can be obtained simply by making minute adjustments to the angle

of the mirror. To get more freedom in R&D, the later method has been selected. However,

this method needs very high coherency of light that can be obtained from Argon laser.

Accordingly, the Argon laser, provided by Coherent Corp, with computer controlling

system has been properly setup in Dr. Namihira’ s Lab. at the University of the Ryukyus,
where further experiment and fabrication will be carried out.

Here, the Bragg reflection wavelengths of 1550nm and 1310nm will be generated by using

the second harmonic generation (SHG) wave of 244 nm wavelength by Argon laser.

For the development of PM fiber coupler, the fabrication condition, package and
reliable characteristics of dB coupler, WDM coupler as well as the wavelength
independent coupler (WIC) have been confirmed already.

The FBG fabrication system has been decided and pre-experiment has been completed.
The necessary conditions for the development and experiment of Mach-Zehnder circuit
have also been prepared.

Polarization maintaining type OADM (Optical Add-Drop Multiplexer) are consist of
Polarization maintaining fiber type coupler and two polarization maintaining type
FBGs using polarization maintaining fiber fusion splicer as a Mach-Zhender
intrferometor type OADM.

PMD emulator will be required over 40 Gbit/s higher data transmission speed.
The PMD emulator is fabricated by fusion splicing with random principal polarization
angles between 10 polarization maintaining fibers (PMFs). Also, it can be
applicable to emulate PMD characteristics as a real optical fiber cable transmission
line under real circumference condition as temperature, cable elongation and some
external stress variations.

Using PMD random mode coupling simulation soft, optimum parameters of Maxwellian
PMD distribution, principal are obtained with changing the polarization angles of
PMFs, PMF s PMD values and PMF' s length, respectively.

It is found that the simulation soft results are in well agreement with the

experimental results of PMD emulator.

This work is supported by the local new consortium project of Ministry of Economy

- Trade and Industry of Japanese Government.
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[mw] [mw] Ro [%]
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SMF- 4.66E-07 1.70E-07 36.59
PMF-1FBG 1.06E-05 1.89E-06 17.93
PMF- 4.93E-06 1.32E-06 26.80
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5.2 OADM  Drop AD At Add AA
Drop A, A ;| Add A,
[nm] [nm] [nm]
SMF-1FBG 1549.416 1549.445 1549.337
SMF- 1553.609 1553.544 1553.530
PMF-1FBG 1550.006 1549.773 1550.004
PMF- 1549.996 1549.996 1549.949
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6.1

(WDM:Wavelength Division Multiplexing)

FTTH(Fiber To The Home)
DWDM( )
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OADM:Optical Add-Drop Multiplexer;

(PMD:Polarization Mode Dispersion)

(Emulator)
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PMD 40 Ghit/s
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