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Design and Characterization of a Plastic
Optical Fiber Active Coupler

J. Zubia, U. Irusta, J. Arrue, and A. Aguirre

Abstract—n this letter, we report on the first active coupler
developed with the plastic optical fiber technology. The device
constructed combines the characteristics of the most important
devices arising from this technology, which are switches and —
couplers. The solution adopted is based on the structure of a = Z 100 pm
passive contact coupler and on the switching properties of a

Liquid crystal  pfeqal Layer

nonquiral nematic liquid crystal. The device designed yields an 77‘ l coupled
experimental coupling of 4.5 dB with excess losses under 2.5 dB

if the device acts as a coupler; and a dynamic range of 3 dB and FOE .

SWitChing times of 2 ms if the device acts as a switch. Fig. 1. Physical structure of the active coupler.

Index Terms—Liquid crystal, optical fiber coupler, optical

switch, plastic optical fiber, POF. substituted by a thin layer of LC. Fig. 1 shows that structure

in detail. The coupler is composed of two polished fibers
I. INTRODUCTION separated by a layer of LC. In order to correctly polarize the

IBER OPTICS have drawn a great amount of resear&‘r?’ athi_n metal layer is deposited on the polished fib(_ar cores.
Feﬁort during the last two decades due to their optimum 1ne fiber used for the coupler was Eska Premier GH-
transmission characteristics. Plastic optical fibers (POF4§01 (Mitsubishi Rayon Company Ltd.) which has a 980-
serve to reduce fiber optics costs, and their applications 4% diameter polymethylmethacrylate (PMMA) core and a
rapidly growing [1] despite their attenuation drawback. Du@uonnated polymer cladding. The refractive indexes of the
to their ease of connection and high numerical aperture th@€ and cladding are., = 1.492 andn; = 1.402. The LC
use of POF is increasing in local area networks (LAN), horé5€d for the device was a nonquiral ZLI-1695 (Merck Ltd.),
networks and other short distance applications [2]. WhI'Ch exhibits a nemqﬂc phase bgtwgen 253 Kand 353 K. The

The development of new devices, together with the improvetdinary and extraordinary refractive indexes age= 1.4717
ment of the existing ones, constitutes an intensive field 8fd7. = 1.5342, respectively, which yield a positive optical
research. Couplers and switches are two of the most importdftSotropy ofAn = 0.0625 at room temperature. A thin gold
devices in POF technology. In this letter, we report on a PORYEr was deposited on the polished POF cores using a sputter
active coupler, a new device combining the characteristiggater (BACTEC SCD004). _ _
of couplers and switches. The coupling characteristics are!Ne first step toward the design of the device was the
obtained by the well-known physical positioning of the Conta&waractenzatlon_ of t_he co_upllng. structure. To opta_un theoret-
coupler [3], while its performance as a switch arises from trieal results,_ a S|mpllf|ed simulation model, conastmg_ of two
use of a liquid crystal (LC). As far as we know the devic@arallel polished fibers put together, was used. This model
described is the first POF active coupler using LC's. presents two geometrical parameters: the coupling length (

We begin by describing the physical structure of our PORNd the separation between the axes of the fibéysThe
active coupler, and the results of the simulations. Then Weoretical model is based on ray tracing theory and includes
show the parameters measured for our active coupler. Finalfyeridional and skew rays, as well as a diversity of light sources

the main conclusions of the present work are summarized.(Lambertian and Gaussian), the basis of the calculations being
the ray invariants [4] and symmetry relations. The results show
a great convergence as the number of rays is increased; in fact,
the results for 10 000 rays are within 5% from those obtained
for 2.83 million rays (which is approximately the number of
The physical structure of the POF active coupler resemble®des propagating through the POF; for red light: 660 nm
that of the contact coupler, where the matching oil has beand N = V2/2 = 1/2[2ra/A(n2, — n?)"/?]? = 2.83 - 106,
Manuscript received June 8, 1998; revised July 24, 1998. This work wWherea s the radl_us_ of the Core.' of the flber)'. S!mu!atlons
supported by the “Departamenio de éduoacUniversidédes e.lnvestigaci’ gfso show that variations on the input power distributions do
del Gobierno Vasco” under Project 38/96, and by the “Universidad del Pa#t alter the results significantly. Fig. 2 shows the coupling

Il. DESCRIPTION OF THEPOF ACTIVE COUPLER
AND SIMULATIONS
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Fig. 2. Results of the simulations for the coupling structure as a function of E(V/pm)

the coupling length and the separation between fiber axes. Fig. 3. Coupling and sensitivity of the constructed active coupler. Coupling

length 3 cm, separation between fiber axes 0 cm and LC layer thickness 100

uniform input power distribution. A4 increases the coupling pm
approaches 3 dB in an oscillatory way. Fbclose to 98Qum,

the coupling exhibits a fast decay, not appreciated in Fig. 2, 3 Toy
as the coupling section disappears. As marked on Fig. 2, an — 25 »\"_~:~_;7‘<:
equal power splitting ratio can be obtained, for instance, witha £
separation between the fiber axés- 0 and a coupling length g 2 -
L =35 cm. @ 15 Ton oo

Once the dimensions of the coupling structure were theo- £
retically determined@ = —3 dB; d = 0; L = 3.5 cm), the s | 10% / —
next step on the construction of the active coupler consisted “ 05| T, ?:f !
in the insertion of the LC layer. By means of the sputtering 0 ‘
technique, a thin layer of gold (around 5 nm) was deposited 298 308 318 328 338
on the polished POF cores. The thickness of the metal layer Temperature (°K)

must not exceed the skin dep.tﬁ € 1/ Vrpfo = 3.7 nm Fig. 4. Measured switching times corresponding to a layer ofit0of the
A = 660 nm), but the conductivity of the metal layer has z;|.1695 LC.

to be high enough to allow the correct polarization of the LC.
The LC layer was sandwiched between the two sections of the

contact coupler and the thickness obtained for the layer wasrig. 3 shows the results. The measurement procedure was

of the order of 100.m. repeated ten times, and the optical heads were switched
before each repetition to eliminate the influence of the pho-
IIl. BEHAVIOR PRINCIPLES todiode sensitivity. Fig. 3 shows the coupliig’(dB)) and

The behavior of the device is based on the optical properti:%aatz ?jn?rlgﬂ\tya(iift: Ocrli/rdEgl ?\foﬂiZI chvr?)x?rﬁ:gl:r:' o?at;e
of LC’s [5]-[7]. In the absence of an applied electric field the : poly PP
molecules of the LC are oriented along the polishing directiocr%)ummg' L . -

The coupling increases with the electric field and reaches

g??;:xlidglgggo?g’ t)r?:lilrr:j?nzrr]ya:/e?‘:gggvg?ﬁge?(f r\/(?/fr:;chtlci)g maximum value of near 4.5 dB with the saturation electric
' i

lower than that of the core of the POF. Consequently, t?gld ?f t?? LfC S 6-10° V/rgn). Tbhe mc:jegstehls more_t'ra'?d for
reflection at the fiber-LC interface is high. As an increasi W electric Tields, as can be observed in the sensitivity curve.

electric field is applied, the LC molecules are aligned in th hlg F:oupling ;eacrf:es 4.5 and 1h5 d apalrt from the e((jquzagy
direction of the applied field, due to the positive dielectricP itting ratio, for theoN state, with excess losses around 2.

anisotropy of the LC. In this situation, the average refractivi: The i§olation is always over 30 dB, while the uniformity
index of the LC({(nr¢) = (n, +n.)/2 = 1.503) is closer to obtained is under 1 dB.

that of the fiber core, which improves the transmissivity. Th_e active coupler also works as a switch if _the applied
field is conmuted from theN to the OFF state and vice versa.

The difference in coupling between the two states (dynamic
IV. RESULTS AND DISCUSSION range) is 3 dB
The constructed device was then characterized. First of allA second characterization step consisted in measuring the
the fiber output powers of the coupler in terms of the applieawitching time of the active coupler as a function of tempera-
control voltage was measured. The input fiber was illuminatédre. The switching time is determined by the behavior of the
with a 543.5-nm He—Ne laser, while the output fibers weleC or, more specifically, by the relaxation of the Frederiks
connected to a dual-channel lightwave multimeter (HP-8153&pnsition [8], [9]. As shown in Fig. 4, the LC works correctly
by two optical heads (HP-81520A). The output power of thier low frequencies (under 1 kHz depending upon the LC layer
two fibers were simultaneously determined in terms of thbickness). For temperatures ranging from 298 K to 323 K no
applied control voltage. relevant variation was observed, and, as shown in Fig. 4, the
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