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Modular interference characteristic of two-mode fiber
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The modular interference characteristics of circular-core and elliptical-core two-mode fibers are investigated
in theory. The intensity distribution and figure of two-lobe mode patterns are evaluated and simulated

even

quantitatively for different phase difference change between LPg; and LP{{*" mode. The interference
mode patters of elliptical-core and circular-core two-mode fibers are compared, the result shows that the
two-lobe interference patters of the two-mode fibers generate energy exchange and oscillation, and the
difference is that the interference mode patterns of circular-core two-mode fiber are almost elliptical, while
the interference mode pattern of elliptical-core two-mode fiber is approximately circular on condition that
proper selection of the ellipticity. Their two-dimensional (2D) profile determines the choice of the core

shape of the information pick-up fiber.

OCIS codes: 060.2310, 030.1670, 060.2270, 030.4070.

Two-mode fibers are used widely in fiber devices such
as laser sensors(!l, grating coupling!?!, modal filter®!, fre-
quency shifters*, fiber switches!®!, and voltage sensorsl6.
The method of generating two modes is to operate a
single-mode fiber at a wavelength shorter than the nomi-
nal wavelength!”. The interference of modes in the fiber
results in an intensity pattern with two lobes whose struc-
ture depends on the amplitude, phase, and the choice
of the first two modes. Based on these mode pat-
terns, a number of physical quantities can be measured:
hydro-static pressurel®!, strainl®, vibration'%, acoustic
waves'!], etc.. Therefore, it is important for the practi-
cal use to understand profoundly the two-mode interfer-
ence characteristic.

For a weakly guiding circular-core two-mode fiber,
merely considering one polarized direction (for example,
z-polarized modes), modular field amplitude of the lin-
early polarized LPg; and LP{]®" modes can be expressed

in a cylindrical coordinate system as('?!
Yo1 = Ao1 for(r) exp(—jfo1z + jbo1), (1)
1 = A SN () cos dexp(—i 1z + GO, (2)

where 101 and ¥{7°" describe the scalar field function of
LPg; and LP{T*" modes respectively, Ag; and AT are
the amplitude coefficients of the modes, 091 and 67"
are the phases of the two modes, fp1 and ({7 are the

longitudinal propagation constants of the modes, which

are attained by solving character equation!!?]
UzIJerl(le) leKerl(le)
= , forax=0,1. 3

In the core, f1(r) is the scalar field amplitude given
as

f:cl(r) = Jx(ler/a)/‘]x(le)v

2
Uy = ay/k3n2 — B2, for ko = TW, (5)

where a is the radius of the fiber core, kg the free space
wave number, n; the refraction index of the fiber core,

forx =0,1, (4)
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and A the free space wavelength. At the output of the
fiber, the output light intensity is the synthesization of
LPp; and LP{Y*" modes. Neglecting the impact of radial
strain, temperature change, and modular coupling, when
the fiber is stretched by a mount AL in axial strain under
function, the intensity pattern due to the interference of
LPy; and LP{7*" modes is given by

I(r,¢) = [vor + 53"
= AGf51(r) + ALY ()] cos?(9)

+2A01A11 for(r) [T () cos(@) - cos(ABAL — Af), (6)

where A = (o1 — 377" is the difference of the two-
mode propagation constants, which depends on the struc-
ture of fiber and operation wave. Af = 6y — 657"
is the quasi-static modal phase difference which may
vary, e.g., due to the temperature changes. n; = 1.458,
A = (n1 —ng)/n1 = 0.005, A1y = 1, Ap1/A11 = 0.5,
and A = 850 nm are set to numerically evaluate Eq. (6).
Figure 1 shows the distribution of the output intensity
and Fig. 2 shows the profile of the interference patterns
for a fiber operated at A = 0 and normalized frequency
V = 3.67, when AGAL equals 0°, 45°, 90°, 120°, 135°,
180°.

When AL varies, the two lobes of the output intensity
generate energy exchange and oscillation, but the whole
energy is invariable, as shown in Fig. 1. Therefore, in
order to measure the external distribution, the variation
of intensity in one lobe needs to be monitored, and then
AL can be obtained. Figure 2 shows that the interfer-
ence patterns of circular-core fiber are almost elliptical,
the energy exchange is the same as Fig. 1. Especially, the
energies of the two lobes are equal when ASAL = 90°.

Assume that the transmitted beam of light in the fiber
is Gaussian model, in this situation, the fundamental
mode of elliptical-core two-mode fiber is characterized by
1/e? power radii W, and W), in the = and y directions re-
spectively for studying the questions conveniently. These
two quantities are used as the only free parameters. No
attempt is made to connect them to the fiber parameter,
although this can be done straightforwardly.
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Fig. 1. Circular-core fiber output intensity distributions at A8 = 0 and different angles AGAL.
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Fig. 2. Circular-core fiber output interference patterns at A§ = 0 and different angles AGAL.

The E-field of the first- and second-order modes in the

elliptical-core two-mode fiber can be written as/'%

Z o 71/
Eo1 (z,y) = [n_1 : W]
'ty
y 1 xQ N y2
exp |—= | == + ==
Pl \wz Twz) )
Zo 4 1/2
En(z,y) = [n_1 ' W]
aWy
» T . 1 [ «? + y?
T oexp | (LY
w, P2 \we Tz

where Zj is the plane wave impedance of vacuum.

Suppose that the energies of the excited two modes are
equal and have the same polarization at the output of

the fiber, the output interference intensity is described
by

I=|E(z,y)* = |Eoi(z,y) + i1 (,y) exp (iAp)[, (9)

where Ap = APBAL is the modular phase difference
change.

To numerically evaluate Eq. (9), set W,/W, = 1.4.
Figure 3 shows the distribution of the output intensity
and Fig. 4 shows the profile of the interference patterns
for a fiber operated at V' = 3.67 and A = 0 when AGAL
equals 0°, 45°, 90°, 120°, 135°, 180°.
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Fig. 3. Elliptical-core fiber output intensity distributions at Af = 0 and different angles AGAL.
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Figures 3 and 4 indicate that the output intensity
distributions and interference patterns of elliptical-core
two-mode fiber have the same change law as circular-core
two-mode fiber. But they are not completely uniform.
e.g., the interference patterns are approximately circu-
lar.

In order to understand the interference mode pat-
ters characteristic of two-mode fibers profoundly, let us
compare the two-dimensional (2D) profile of the inten-
sity pattern of circular-core and elliptical-core two-mode
fibers. Figure 5 shows the 2D profile of the output
intensity pattern. In Fig. 5(a), since the mode field
of circular-core fiber is absolutely symmetric®®, we
set Wy /W, = 1.0, while the mode field of elliptical-
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Elliptical-core fiber output interference patterns at A@ = 0 and different angles AGAL.

core fiber is asymmetric'®, which is corresponding to
Wy /W, = 1.4, as is shown in Fig. 5(b).

Comparing two fibers’ 2D profile, it is easy to see that
the main lobe of circular-core two-mode fiber is almost
elliptical, while the interference patterns of elliptical-
core two-mode fiber on condition that proper selection
of the ellipticity are approximately circular. There-
fore, the pick-up fibers should be consistent with two-
mode fibers’ 2D interference profile when picking-up
interference information. In other words, circular-core
two-mode fiber should match elliptical-core single-mode
pick-up fiber, while elliptical-core two-mode fiber should
match circular-core single-mode pick-up fiber when us-
ing photoelectric diodes with single mode fiber to pick up
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Fig. 5. Two-dimensional profiles of the intensity patterns of
fiber, the contour interval is constant and equal to 1/20.

interference information. Whether the two-mode fiber
matches the pick-up fiber is important to improve cou-
pling efficiency and enhance measurement precision of
the system.

In conclusion, the intensity distribution and mode pat-
terns which result from modular phase difference change
in circular-core two-mode fiber generate periodic oscil-
lation between LPg; and LP{]*" modes. Especially,
the energies of the two lobes are equal when the phase
difference is AGAL = 90°. The output intensity distri-
butions and interference patterns of elliptical-core two-
mode fiber have almost the same change rule as circular-
core two-mode fiber, but the difference is that the in-
terference mode patterns of circular-core two-mode fiber
are almost elliptical, while the interference mode pat-
terns of elliptical-core two-mode fiber on condition that
proper selection of the ellipticity are approximately cir-
cular. Furthermore, the core shape of the pick-up fiber
depends on the 2D interference profile of the two-mode
fibers when using diodes with single-mode fiber to pick
up interference information. With selecting the matched
fiber properly, we can expect that coupling efficiency can
be improved and the measurement precision of the sys-
tem may be enhanced.

This work was supported by the National Natural Sci-
ence Foundation of China under Grant No. 50477001. H.
Wang’s e-mail address is wh1982032@163.com.
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