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DEVELOPI NG AN ALL FIBER OPTICS TU ABLE BEAM SPLITTER 

* Sergio Celaschi and José Tadeu de Jesus 
CPqD-TELEBRÁS, C.P. 1579, Campinas, SP, 13100 - BRAZIL 

ABSTRACT: We present a simple mechanism to induce optical d. c. 
switching at sub-dB losses on a single-mode fused coupler. The 
optical splittage is controled by elastically stressing the 
coupler. A 7 gf load applied axially to the coupler produced 55% 
of change in the coupling ratio. These results are interpreted 
assuminJ elastic deformations of the fabricated structure, which 
behaves as an optical beating element. 

INTRODUCTION: The rapidly developing applications of single-mode 
fibers in communications have begun to produce tangible demands 
for couplers and related devices such as tunable beam splitters 
and multiplexers. These devices may be built from discrete 
optical components such as microlenses, prisms, beam splitters 
among many others. Unfortunately, devices made from discrete 
components in general present low mechanical stability and 
therefore are not reliable. Any technique of manufacturing 
reliable devices should avoid discrete compo~ents , to rely only 
on fibers and their required packaging stru:tures. This paper 
presents a single mecha ~ ism on which an all fiber tun3ble beam 
splitter can op2rate at sub-dB losses. The optical switching is 
induced by elastically stressing a fused monomode coupler which 
acts as an interferometric structure. Applying a 7gf load axially 
to the coupler , we observed variation of 55% in the coupling 
ratio. These results are interpreted assuming elastic 
deformations of the structure built. The total insertion loss 
measured was 0.10! 0.05 dB, which turns to be insensitive to the 
mechanical load required for operation. 

MODELING: The device described herein was fabricated in a manner 
similar to th2 fus~d single-mode cauplers which have been 
reported else where /1,2/. In revie w, fused couplers are 
constructed by bringing togeth2r and fusing and tapering a 
central section of a fiber pair. As the coupler is being 
fabricated, the output intensities are monitored. The process is 
interrupted wh en th2 desired coupling ratio is obtained. This 
value is typically 50%. Ho wever, if the tapering process is 
continued, the coupled power will undergo sinosoidal oscillations 
or "beats" as shown in Fig. 1. The coupler is said to have been 
pulled through one beat length 1 wh en the coupled po wer has 
cycled through one complete sinosoidal oscillation. 

The coupling mechanism is assumed to ta ke place in a 
composite waveguide in which the fused glass structure at the 
taper waist is the core (refractive index Nc ~ N1), and the 
cladding is the external medium (refractive index Next) 
surrounding the coupler. In this manner, the coupling is 
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FIG. - Be h a vior of the output p oNers P3 and P4 during the 
tapering process. Final dimensions are L = 26 mm and I = 
0.4) mm as defined in t ex t. Th e t otal insertion loss 1s 
appro x imately 0.1 dB. 

described by th2 mode beatin] model of Bures et al /3,4/ in 
which energy transfer in th2 composite waveguide is betweeen the 
t wo lo west s ymmetric and antisymmetric modes bourid by the glass 
e xternal-media interface. It is assumed that, as light propagates 
down stream through the transition taper to the composite 
waveguide structure at the coupler waist, th2 modal 
electromagnetic fields gradually change from being bound by the 
waveguide with a glass doped core (refractive index N2), and 

• , 

glass cladding (N1) to one wi th a larger glass core and an .. 
external medium as the cladding. The reverse process occurs in 
the taper leadínJ a wa y f r om the couler waist. 

Due to the birefringent cross section of the composite 
waveguide, the propagation constants of th2 x- and 
y-polarizations are slightl y different. This gives rise , in long 
tapers, to a slo w amplitude modulation of the rapid sinosoidal 
output po wers as sho wn in Fig. 1. If the fused region is long 
enough, it is possible to occur complete dephasinJ betwenn the 
two polarizations. Potentially, there are many applications 
which can exploit these properties of long fused couplers. They 
includ e polarization beam splitters, spectral filters, modulators 
and switching, the latter being the theme of this paper. 

For short tapers, i.e., tapers with interation le0gths of 
the ard e r of the couplinJ length (L> 1) , the normalized 
crossport output po wer p4 is simply given by 

( 1 ) 

Where C= C (6 n,À,a) = n/21 is the coupling coefficient, a the 
smallest diameter at the waist, À the wavelength, and 6n = Next -
N1. On the other hand, i f th2 taper is sufficiently long, i.e., 
L>> 1 it becomes necessary to take into account the influence of 
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the slightl y different coupling coefficients, and thus, the 
crossport output po wer is given by 

Where C and C are the coupling coef ficients in the x- and y­
directiSns respectively. Therefore, according to Eq. 2, the 
crossport output power can be modified by axially stressing the 
taper in such a way that 6L/L = v- 1 S, where Y is the Young 
Modulus for silica, and S the applied stress. The effect of an 
applied stress on the output powers is exemplified in Fig. 2b for 
L ;:::: 1/2. 
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FIG. 2 - Pictorial view of the biconical structure. (a) Without 
load the interaction legth L, and the beating length í are 
defined. (b) The structure is stressed in such a way that 6L ;:::: 
í/2. 

RESULTS ANO DISCUSSION: The variation of the coupling ratio r = 
P4/ (P3+P4) with the force F applied axially to the taper by t wo 
eletromechanical transducers is shown in Fig. 3 for three 
different wavelengths. Its sinosoidal dependence on F is explained 
by the beating model presented above, assuming elastic deformations 
of the taper structure. One observes in Fig. 3 that the variation 
in the coupling ratio r is limited to approximatelly 55%, and does 
not reach the full switch as would be desired. This occurs because 
the taperin~ process was interrupted before reaching the complete 
dephasing of Cx and Cy· Continuing the tapering process throughout 
this point, the uutput power wo uld recover the full sinosoidal 
amplitude of oscillatio~s as predicted by Eq. 2, and demonstrated 
experimentally by Bilodeau et al /5/. According to Eq. 2, the 
behavior of the coupling ratio during tapering is illustrated in 
F ig. 4 . 
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FIG. 3 - Dependence o f the coupling ratio on axial stress for 
three different wavelenghts. 

The dependence of the coupling ratio on the transmitted 
wavelength is shown in Fig. 5 for th= unstressed structure, and to 
the taper submitted to 7 gf. This spectral respJnse of crossport 
power for beam splitters constructed from fused-taper couplers was 
recently analysed by Snyder /6/. According to him, the 
coupling coefficients Cx and Cy are approximately given by 

( 3) 

where i= (x,y), vo~so,~~o.3, Ào ~ 0.68 microns, a = 2a = 11 
microns for the final structure obtained after thextaper~ng 
process shown in F ig. 1. 
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FIG. 4 - Theoretical behavior of the coupling ratio during 
taperin] accordin] to Eqs. 2 and 3. 
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The key to such analytic e xpression for Cj (À) is that the 
composite waveguide is highly multimoded rv >>1), and the weak 
guided approxim3tion still holds . Changing either the diameter of 
the waist a (during tapering) or the tran s mitted wavelength À 
results in an oscillatory response characterized by two scales; 
a polarization-independent rapid oscillation (proportional to À) , 
and a polarization dependent slow variation proportional to À 2 as 
shown in Fig. 5. Moreover, th= first linear term on th= right 
hand side of Eq. 3 is t wo orders of magnituje grater than the 
second one. Therefore, effects of polarization are only 
detectable in long tapers where the quadratic term becomes 
significant. 
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FIG. 5 - Dependence of the coupling ratio on the transmitted 
wavelength for th= unloaded taper and for the taper submitted 
to 7 gf. 

In arder to quantify the hypothesis of elastic deformations 
inducing optical beatin], we estimated the elongation necessary 
to cycle the coupled po wer through one complete sinosoidal 
oscillation, comparíng it to that measured e xper í mentally during 
the final taperin]. Accordind to Fig. 4, 7.0 ~ 0.5 gf cycles the 
coupled po wer through one cycle, which from Hooks•

11
Law gives 

6L/L =0.013! 0.004 for ·y (Sio ) = (10! 1) x 10 dynes/cm. 
One the other hand, one observ~s in Fig. 1 that the final taper 
structrure has a normalized coupling length 1/L = 0.016 ! 0.003 
in agreement to the estimated elongation obtained from the 
elastic assumption. 

In conclusion, we prese~ted in this paper a simple 
mechanism to indu:e tunable optical d.c. s witch, at lo w losses, 
on an all fiber fused coupler. The co~ceptual simplicity of this 
device makes it attractive for op~ration in single-mode fiber 
net works. 

627 



The authors wish to acknowledge estimulating discussions 
with F.M. Smolka, N. Wisnik, a1d C. ~vara. We thank H. M. Sampaio 
for help with the experimental setups, and F .R. Barbosa for 
revising this manuscript. 

REFERENCES: 
* 
Also in the Departamento de Eletricidade (SEL) da EESC-USP, 
13560, S. Carlos - S.P., BRAZIL. 

( 1) Jesus, J. T. e Celaschi, S., "Propriedades de Acopladores 
ópticos Produzidos por Fusão", Anais do III Simp. Bras. de 
Telecom., 1985, pp.137-141. 

(2) Celaschi, S. and Smolka, F.M., "Acopladores de Fibras Ópticas, 
Prin::ípios Básicos e Aplicações", Rev . TELEBRÁS, V. 9 (3), 1985 
pp. 3-17. 

( 3) Bures, J ., Lacroix, S. and Lapierre, J., "Analyse d 1 un 
Coupler Bidirectionnel a Fibers Optiques Monomodes FusionnéeS 11

, 

Appl. Optics V. 22 (12), 1983, pp. 1918-1922. 

(4) Bures, J., Lacroix, S., Veilleux, C. and Lapierre, J., "Some 
Particular Properties of Monomode Fiber Coupler", Appl. Optics, 
v. 23(7), 1984, pp. 968-969. 

(5) Bilodeau, F., Faucher, S., Hill, K. O. and Johnson D.C., 
"Wavelength, Polarization and Mechanical Properties of Compact, 
Low-loss Fused Beamspli t ter", Annals o f ECOC 1 86, 1986, pp. 
129-132. 

(6) Snyder, A. W. , "Polarizing Beamsplitter from Fused Taper 
Couplers", Elect. Lett., V. 21 (14), 1985, pp. 623-625. 

828 


