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The characteristics of optical fiber are quite important for improving the performance of optical fiber communication and
sensor systems. Based on the Mach-Zehnder interferometer, a new measuring method is proposed and the digital holo-
grams between the single mode fibers (SMFs) and specialty double-cladding (DC) fibers are analyzed. The experimental
results show that the fringe density can be changed under the conditions of coaxial and off-axial interferences. Therefore it
can be used to analyze the optical fiber characteristics including refractive index distribution, fiber modes, phase diff-
erence, etc.
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Optical fiber has many applications in optical communica-
tion and sensor systems, including fiber to the home (FTTH)[1],
temperature sensor[2], pressure sensor[3], fiber laser[4], etc. The
fiber characteristics, light source, and photodetector can af-
fect the performance of optical communication and sensor
systems. Especially, the fiber characteristics are quite im-
portant and become one of the desired conditions for ex-
panding application of optical fiber. Digital hologram[5-10] is
a method for recording and reconstructing three-dimensional
complex wave fields, which has been found a lot of applica-
tions in optical testing and metrology. Some researchers have
studied the refractive index distribution characteristics in dif-
ferent optical fibers. For example, Hamdy H. Wahba et al[11]

investigated the distribution of parabolic or nonparabolic re-
fractive index field in graded index (GRIN) optical fibers.
K.M. Yassien et al[12] used digital holographic interferometry
for researching the optical properties of polyvinylidene fluo-
ride (PVDF) polymer fiber and graded-index (GRIN) opti-
cal fiber. However, these analyses are only suitable to de-
scribe the conventional optical fiber, but difficult to analyze
the specialty fibers. In this paper, we experimentally demon-
strate the digital hologram with a Mach-Zehnder interferom-
eter to measure double-cladding (DC) fiber characteristics.
The digital holograms between the single mode fibers (SMFs)
and two DC fibers are analyzed under the coaxial and off-

axial interference conditions, respectively. The experimen-
tal results show that the optical fiber characteristics can be
obtained by the digital hologram.

The experimental setup for getting the digital hologram
is shown in Fig.1. A fiber-based Mach-Zehnder interferom-
eter is demonstrated by a tunable laser (TL) (81600B, Agilent)
with the centered wavelength at 1550 nm and output power
of 5 mW. The full width at half-maximum (FWHM) of the
source is ~0.36 nm, and its coherence length is ~6.67 mm.
The light source from tunable laser is split into signal and
reference arms respectively by a three-port 3-dB fiber direc-
tional coupler. The reference arm is affixed to a piezoelec-
tric translator (PZT). Two polarization controllers (PCs) are
included to control the polarization state of light. In the sig-
nal arm, the specialty DC fiber is ~4 mm long, which is spliced
with SMF. The distance between DC fiber end and CCD is
~70 mm. The holograms are recorded by a CCD camera (SP-
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Fig.1 Experimental setup for getting digital holograms
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1550M, Spiricon Incorporated) with a pixel pitch of 8.4 m
9.8 m and pixel numbers of 768 494 in the horizontal
and vertical directions. The interference pattern is displayed
on the computer.

In experiment, the superposition between the outputs of
two arms causes interference. By adjusting the relative posi-
tion between SMF and specialty DC fiber, there are coaxial
and off-axial interference conditions as shown in Fig.2.

Fig.2 Different interference conditions

In Fig.2, for the SMF, the core and cladding diameters
are approximately 9 m and 125 m, respectively. The DC
fiber refers to fluorine-doped fiber or boron-doped fiber. For
the fluorine-doped DC fiber, the core and the inner cladding
diameters are approximately 9.3 m and 26 m, respectively.
Likewise, for the boron-doped DC fiber, the core and the
inner cladding diameters are approximately 6.3 m and 17.7

m, respectively. The outer cladding diameter of both DC
fibers is pulled to be 125 m to match and connect with the
SMF easily.

For the interference between two SMFs, we can obtain
the digital hologram under coaxial interference condition as
shown in Fig.3.

Fig.3 Digital hologram between two SMFs under coaxial
interference condition

In Fig.3, the superposition between the outputs of two
SMF ends produces an interference pattern with bright and
dark lines. The interference pattern is uniform and can be
influenced by the phase difference between two arms. By
adjusting the PZT voltage, the phase difference can be
changed. Likewise, a similar interference pattern under off-
axial interference condition is denser than that under coaxial
interference condition. Thus, different interference areas can
be obtained by adjusting the angle between SMF and DC
fiber. The digital holograms between SMF and DC fiber un-
der coaxial and off-axial interference conditions are shown
in Figs.4 and 5.

Fig.4 Digital holograms between SMF and fluorine-doped
fiber

Compared with Fig.3, the obvious differences are that
the interference pattern is corrugated distribution and some
rings are embedded in Fig.4 and Fig.5. This is due to the
added DC fibers. When the coaxial condition happens, the
fringe distribution is sparse and uniform. Similarly, when the
off-axial condition happens, the fringe distribution is dense
and uniform. The fringe density increases with the angle be-
tween SMF and DC fiber increasing. By adjusting the PZT
voltage, the phase difference between the two arms can be
changed and the fringe will shift. By adjusting the PC, the
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intensity of interference pattern will be changed with the varia-
tion of polarization state of light in two arms.

Fig.5 Digital holograms between SMF and boron-doped fiber

The bright and dark rings in interference pattern are dif-
ferent for two DC fibers. It is mainly because of the different
structures of DC fibers, which consist of a core, inner clad-
ding and outer cladding. The core diameter of fluorine-doped
DC fiber is larger than that of boron-doped DC fiber. So the
coupling loss between SMF and fluorine-doped DC fiber in
signal arm is low and the central intensity of the interference
pattern is high. Specially, the interference pattern can be in-
fluenced by the refractive index distribution. The refractive
index differences for the fluorine-doped DC fiber and bo-
ron-doped DC fiber are 0.2% and 0.7%, respectively. The
refractive index of the core is equal to that of the outer
cladding, but higher than that of the inner cladding. The DC
fiber is a typical leaky waveguide, so the light wave in the

leaky fiber core can tunnel out through the low refractive
index inner cladding layer although it satisfies the total re-
flective condition. So different fiber modes can be induced
and the modular interference may happen in DC fibers. In a
word, the experimental results show clearly the different char-
acteristics about SMF, fluorine-doped DC fiber and boron-
doped DC fiber. Moreover, we can analyze the fiber modes,
phase difference and polarization state of light by the digital
holograms.

We have demonstrated the digital holograms between
SMF and DC fiber based on Mach-Zehnder interferometer.
The interference patterns for fluorine-doped DC fiber and
boron-doped DC fiber are analyzed, respectively. The ex-
perimental results can be used to analyze the optical fiber
characteristics effectively.
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