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Fig. 1. Directional coupler made up of two parallel fibers.
TABLE I
CarcuraTiON oF THE CoUuPLED Powkr
FODE COUPLING COMPLETE PONER POWER
COEFFICIENT | TRAWSFER LENGTH |  TRANSFER
e D L=T/2Cpp (i) Siv ez

HE14 0.1199x10"" 1.3100x10° 2.500x107*°

HE1, 0.9445x1077 1.6631x10” 1.849x107%7

HE13 0.4882x107° 3,2175x10° 5.018x107*6

HE 14 0.2787x107° 5,6361x10° 1.64ux1071*

HEqs 0,2157x107* 7.2823x10" 9,848x10™*3

HE1g 0.2737x107° 5.7391x10° 1.585x1071°

HE17 0.7852x107° 2.0005x10% 1.304x1077

HE1g 0.1333x10%* 1.1801x10° 3,756x107°
7=0.046 M
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A Semi-Transparent Mirror-Type Directional Coupler for
Optical Fiber Applications

H. KUWAHARA, J. HAMASAKI, anp S. SAITO

Abstract—A directional coupler for optical fiber applications is
constructed of two pieces of optical fibers cut obliquely and a thin
dielectric film. Coupling coefficient —20 dB to —10 dB depending
on the refractive index of the dielectric film, insertion loss 1 dB, and
directivity —20 dB are measured. They agree thh the analytical
results.

In an optical fiber circuitry, a directional coupler which extracts
an appreciable amount of power directly from the fiber into an
outside detector is often needed. This letter describes results of
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Fig. 1. The directional coupler by dielectric film and its far-field pattern,
Fig. 2. The optical directional coupler observed in microscope.
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Fig. 3. Coupling efficiency versus refractive index of the dielectric
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experiments of a semi-transparent mirror-type directional coupler
for multimode optical fibers.

Fig. 1 shows the construction of the directional coupler. Two
pieces of fibers are cut and polished at a 45° angle, and a dielectric
film is inserted between the polished surfaces.

Since the diameter of the fiber is much larger than the wavelength
of the guided light wave, the characteristics of the coupler are
analyzed based on the superposition of plane waves which propagate
almost parallel to the fiber axis [1]. The ratio R/T of the power
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TABLFE 1
Tar Mran or DkLeerric Fium anDp THE INSERTION Loss

DIELECTRIC REFRACTIVE INDEX INSERTION LOSS
MEDIUM n dB
H20 1.33 -0.73
Si-01L 1.0 -0.56
(Hele 1.74 . -1.19
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Decrease of power transmission caused by angular misalign-

Fig. 4.
ment

of the reflected and transmitted wave is given by

R |7y [teostet |r;|2sin2¢ )

T |t |2costet|ts[?sin?e

where r and ¢ are, respectively, the reflection and transmission
coefficients of the film for an incident plane wave [2], where the

* symbols ||, L indicate the direction of the ploarization to the plane
of incidence, and ¢ is the angle between the polarization of the
incident wave and the plane of incidence.(See Fig. 2.)
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The coupling coefficient is calculated from the ratio R/T of
(1), and the measured coupling- coefficient for the wave of the
electric field polarized normal to the plane of incidence is shown
in Fig. 3 with the analytical results. Several kinds of liquids,
H,O (n =1.33), Si-oil (n = 1.40), CH.l;(n = 1.74), are used for
the dielectric film medium.

The apalytical results of reflectivity for the wave of parallel
polarization become very small because the angle of the film is
close to the Brewster angle, and the resulting output is a scattered
light which is about 10 dB larger than the analytically expected
coupled power.

The insertion loss is obtained from the ratio of the power of
port 1 and port 2. The measured insertion losses of the directional

" coupler by using respective dielectric films are tabulated in Table I.

If two fibers are not aligned in a straight line, the transmitted
power decreases with the angular misalignment A6 (Fig. 4). The
analytical result is derived from a common area in the spatial fre-
quency domain of the input and output light which is determined
by the acceptance angle of the two fibers. Experimental data reason-
ably agree with the theoretical results. Directivity is obtained from
the ratio of the output light power from port 3 and port 4 and is
measured to —20.4 dB.

The experimental directional coupler has the advantages of rela-
tively large coupling coefficient and small size in an optical fiber
applications. By choosing an adequate inserting medium, a 3-dB
coupler for optical transmission system can be obtained.
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