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Realization of Tapered Waveguide by Stretching the Rod Waveguide

XTIA Ke-yu, YU Rong-jin, MENG Hua mao
( College of Inform. Sci. and Eng., Yanshan University, Qinhuangdao 066004, CHN)

Abstract: By streiching the rod waveguide with different velocities in opposite directions, the tapered w aveguide
can be fabricated. In condition of taking no account of volume expansion caused by heating and under the
assumptions of volume conservation, the rod waveguide can be stretched freely in the heated region without being
stretched outside of the heated region. A model, which shows the relation of the transition shape and the two
factors, that is the ratio of two velocity and the heated region length, is presented for the shape of the taper transition
through mathematic deduction. Based on this model, a desired tapered waveguide can be fabricated. The tapered

waveguide are widely used for fabricating tapered fiber couplers and sensors. In addition, the conclusion can be used

for fabricating fused fiber coupler.
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1 Introduction

Recently, tapered waveguide is widely used for fabricating the integrated optical devices, especially for

[21 " and nowadays is used in microstructured optical fiber! .

fabricating the optical fiber coupler” and sensor
M oreover, the split power ratio of the optical fiber coupler which is fabricated in the tapered waveguide is weakly

dependent on the wavelength. So, this kind of coupler is superior to others in respect of the bandwidth.

2  Model
2.1 Structure after Stretch

The shape of the tapered waveguide showing in Fig. 1 by stretching the rod waveguide was observed in
many experiences. In Fig. 1, ro stands for the radius before stretching the rod waveguide; rw the radius of mixing
— rod after stretching the rod waveguide; z1 the position from the point P in z direction; z2 the

position from the point Q in z direction ; zio the tapered length in left end ; z20 the tapered length in right

end; [, the length of the waist; 7((z1) the radius in the g e— | ez,
position z 1 of the left tapered rod; 72( z2) the radius in Left| 5| | 3F 5 L | |Right
the position z of the right tapered rod. We can easily end Mend
obtain from Fig. 1 Fig.1 The shape after slrelchoing

ri(0) = r2(0) = ro  ri(zw) = ra(zn) = ry (1
2.2  Model

During being stretched, assume that the waveguide in the condition where the temperature of waveguide in
the hot— zone is uniform is fully fused and can be stretched freely without being stretched by self — gravity.
Outside the hot— zone, the waveguide can not be stretched completely.

The waveguide shape pulled at time ¢ is shownin Fig . 2 . To keep the shape as shown in Fig . 2, the
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following relation should be met. bzt ], = %,
L=0 = Ll1) e P M,

At time ¢+ Ot, the tapered waveguide shape is shown
Fig.2 The shape of the waveguide at time ¢

. . . . . e 8 x—— L) —feBxl— 2
end including the waist; Ox2 the increase in right end v l:':t —f zf"_:j__‘vz

-t i FFFSY ' —
including the waist; &; the increased length of the  Left endi . o Right end
}.—zl-c- le—+—ut)+6L——+-zl+ 8:2-|

Fig.3 The tapered w aveguide shape at time 7+ Ot

in Fig. 3. In Fig. 3, Ox; stands for the increase in left

tapered part in the left end; & the increased length of
the tapered part in the right end; OL the variance

of the hot — zone ; O r, the variance of the radius of the waist. Obviously, &= vi &, dxa= 1, &, dxr=

(v2/v1) Ox;. When &0, the radius of the waist in the section of Ox; and Ox» is approximately equal to r+

O\ . Thus, according to volume conservation law and mass conservation law regardless of the volume expansion,

we have
7 ry+ Oy )X(L(t) + i+ dx2) =nriL( 1) (3)

Let Ox= dx;+ Ox2, we obtain

=(vitvy) & (4
Neglecting the higher order infinitesimal, we obtain

2Lry ¥y = ridx (5)
Eq.(5) is rewritten for

drw/dx =— ry/2L (6)

Substituting Eq.(4) into Eq.(6), we have
dry/dt =—[(vi+v2) /2L ] ry (7)
The variance of the radius 7, of the waist with the time # in the stretching course is shown in Eq. (7).
To keep the waveguide cylindrical, it demands for 0L/ 0x<<1 or OL/ &<<( v+ v2).From Fig.3, we obtain
L(t)+ oL+ &+ &= L(t)+ 0x;+ o2 (8)
By simplifying, Eq.(8) is rewritten for
&+ &,= Ox;+ dxr— OL (9)
Given OL = a0x,= av,0f, where a<_( vi+ v2)/va,s0 &1+ &o=(vit va—avy) &. Let &= &, we

obtain

dz1/ & = (vi+va— ava)/(1+B) (10)
and
&y & =[(vi+tva— )/ (1+ BB (11)
Using Egs.(6),(7),(10) and ( 11), we obtian
dry/dzi=—[(vitv)(1+B)/(vit vo—avo)]|[ rv/2L( t)] (12)

When &—>0,dL=(dL/dt) &, we obtain
L(t) = Lo+ avat (13)
where Lo is the origin length of the hot—zone, and 7 is the stretched time.Let K =(vi+ v2) (1+B)/(vit v2
—avy),we have
dro/dzi =—{K/[2( Lo+ avat)]} ry (14)
Using Egs. (10), ( 11) and original condition, that is, z1and z> are zero when ¢ equals to zero, we obtain
z1=[(vitva—a)/(1+B)] ¢
zz=[(vitv2a—av2)/(1+B)] Bt (15)
Let Q1 '=(vitva—avy)/(1H+B), Q2 '=[(vitva— @) /(1+B)] B, we have z;=Q; ' ¢ and zo= 05 ' ¢.

By, arranging, we have
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dry/rv=—{ K/[2( Lo+ av201z1)]} dz (16)
Integrating over the both sides of Eq.(16),we have
z, K
ul21) = roexp| ~ Jo 2 Lot anglzl)dzl] (17)
Similarly,
e K
ro(z2) = roexp[ Jo 2(BLo+ av2012z2) dzz] (18)

When the hot— mne expansion varies with the pulling velocities in the same ratio in two ends, we have 3= v/
Vi.

When vi=vo=v,B=1.Given 0=01=020 '=2v— w)/2, K=4/(2—a), dx = dx,= /2,
& = &,= 0z, using Eqgs.( 17),( 18) and above expressions, we obtain

ro(z) = roll+2a/[(2— )L} V¢ (19)
In this paper, OL= a Ox2= a0x/2, let «'= /2, we obtain
ro(z) = roll+2az/[(1— o) Lo} V2 (20)

Obviously, Eq. (20) coincides with Eq.(19) in Ref.[4] .
When a=0 in Eq. (13), that is, the length of hot—zone remains constant Lo, we obtain
K=1+8
01! = (vitva/(1+B) 0! =[(vitva)/(1+B)]B (21)
Therefore
rw( z1) = roexp{— [(1+B)/2Lo] z1}
r(z2) = roexp{— [ (1-+ B)/2BL o] z2} (22)
It is observed that, when the length of hot — zone keeps constant, the radii of the two tapered waveguides
decrease exponent ially. Moreover, the rate of decrease of the radii is only related to the ratio of vi to v2, other
than the values of vi and v2. This property can be used for adjusting the taper of the transition. And then we can
fabricate the various taper of waveguides by controlling the ratio of the stretching velocities in two ends and the
hot— zone length, and further make the various shape of tapered waveguide for 1>X N coupler.
When any of vi and v equals the zero, assuming v>= 0, we obtain
ro(z1) = roexpl— (2Lo) 'z 1] (23)
From Eq.(23), we can draw a conclusion that one decreases exponentially when the other is zero. For an

ideal case, the rate of the decrease of the radius, which is not pulled, is infinite at zi=0.

3 Conclusion

In this paper, amodel which shows the shape of the tapered waveguide by stretching the rod waveguide in
tw o pulling velocities in two ends in opposite directions is presented. Based on this model, we can conclude that
the shape of the tapered waveguide is up to the ratio of the two pulled velocities in the ends and the hot— zone
length. It is a foundation on which we can fabricate the desired tapered waveguide for tapered mixing— rod
coupler. Furthermore, it is easier to control the ratio of the pulling velocities than to adjust the hot— zone length

presented in Ref.[ 4] .
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