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Fig. 1. Directional coupler made up of two parallel fibers.

TABLE I
CALCULATION OF THE GOUPLED POWER

MODE

HE1l

HE12

HE13

COUPLING

COEFFICIENT

CPP (M-1)

o. 1199X1O-7

0, 9445X1O-7

0, 4882x10-6

O.2787x10-S

0,2157x10-4

0.2737x10-3

O,7852x10-2

o, 1333X10+1

COMPLETEPOWERI PVIER
TRAiNSFERLENGTH TRANSFERI

!=7v2cPP (M) SIN2CPPZ

1.31OOX1O* 2,500x10-lg

1.6631x107 1,849x10 -17

3.2175x1O’ 5.018x10-16

5>6361x105 11644X10 -1’

702823x10q 9,848x10 -13

5.7391X103 1. 585x10-10

2 #OOO5X1O2 1,304X10-7

l,1801x10° 3,756x10-3

Z=0,046 M
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A Semi-Transparent Mirror-Type Directional Coupler for

Optical Fiber Applications

H.KUWAHARA, J.HAMASAKI, ANDS.SAITO

Abstracf—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

ontherefractive index of thedielectric film, insertion loss 1 dB, and

directivity –20 dB are measured. They agree with 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 dire etional 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 ve#~(nr2;fractive index of the dielectric

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 cutand polished at a45° angle, and a dielectric

film is inserted between the polished surfaces.

Since the diameter of the fiber is much larger than the wavelength

Manuscript received March 27, 1974: revised July 29, 1974. of the guided light wave, the characteristics of the coupler are
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analyzed based onthe superposition of plane waves whirhqropagate

Umversityof Tokyo, Tokyo, Japan. almost parallel to the fiber axis [1]. The ratio l//T of the power
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TABLE I
THE MFXHtTNIOF 1)11.:LP:CTRIC FILM AND THEINSERTIOIWLOSS
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Fig. 4. Decrease of power tra~e~s~si~n caused by angular misilign-

of the reflected and transmitted wave is given by

R l?lllZcos2@+lr~12sin2@

T= ltll l’cos2@+lt~12sin2@
(1)

where r and t are, respectively, the reflection and transmission

coefficients of the film for an incident plane wave [2], where the

symbols 11, J. indicate the, direction of theploarization to the plane

of incidence, and @ is the angle between the polarization of the

incident wave and thep laneof incidence. (See Fig. 2.)

The coupling coefficient is calculated from the ratio R/T of

(l), 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,

HzO (n = 1.33), Si-oil (n = 1.40), CH,Iz(n = 1.74), are used for

the dielectric film medium.

The analytical 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 A@ (Fig. 4). The

analytical result is derived from a common area in thespatialfre-

queney 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
. .

apphcatlons. BY choosing an adequate inserting medium, a 3-dB
coupler for optical transmission system can be obtained.
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