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Abstract: A new opticalpowersplitter design utilizing laterally coupled tapered waveguidés svnall
size, low splitting loss and arbitrary splitting raisadesigned and fabricated in InP. The splitter loss of
dependence of wavelength is about 0.1dB over 100nm.
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Introduction :

The capability of integrating active and passive compenant the same chip [1] allows the
implementation of Photonic Integrated Circuits for inenous applications. The optical power splitter is a
fundamental element in PICs; in order to increase the etitypland device density of InP-based PICs,
splitters with small footprint and low excess loss mustdneloped. Additionally, wide optical bandwidth
and splitting-ratio tunability are critical.

In this paper, we report a new kind of splitter thataedithree laterally coupled tapered
waveguides. This splitter has advantages over other three-wdeatpsigns, due to the lateral tapering:
the structure is compact and its splitting charactelistiavelength insensitive. The operating principle
and simulation and experimental results are presented next

Power Splitter Design and Operating Principle:

The power splitter is composed of three laterally tapamahled waveguides as shown in Figure 1a. As
the input beam of light propagates towards the pinclffeeihd of the input waveguide, its mode field
diameter is adiabatically increased, resulting in are@sing coupling to the other two waveguides. The
latter are also tapered and adiabatically transfoemtode back to its original size. The optical fields in
the three waveguides can be expressed by [2]

E = A (2)E, + A, (2)E, + A (2)E, (1)
H = Aj(z)H, + A,(2)H , + A,(2)H (2)

where E;, E;, E3 and H;, Hp, and Hz are the unperturbed electric and magnetic fields oftiinee
waveguides respectivelf(z), Ax(z), and As(z) represent the change of field amplitude with diganc

Substituting the total electric and magnetic fielﬁs, H into Maxwell's eguations and
introducing the wave amplitudes, :A,e_'ﬂvz V=123 we obtain the coupled wave equations

represented by, , instead of A, .
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We assume the propagation constants of the three waveguidédentical £ = 5 =£;) and the coupling
coefficientsC,,, Cy1, Co3, Csz independent of z, assumptions approximately satisfiedn@edg(0) = a3(0)
= 0, equations (3), (4), and (5) have the solution
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a,(z) =i Y, a,(0)sin( ABz)e (6)
_.C, . —ip2
as(z) =i Y, a, (0)sin( ABz)e (7)
a,(z) = a, (0) cos( ABz)e ' (8)

with

Ap = \/C12C21 +C 5, C oy

This solution shows clearly the periodic exchange of powewden guide 2 to and the others. The length
for complete transfer is given by

pge=2 (9)

Characteristics and Results:

A BPM simulation of the device is shown in Figure Ihe waveguides are single-mode, with width
1.3um. The width at the tapers’ ends is |ih2 The splitter length is about 20®. The coupling
coefficientsCy,, C,1, Cy3 Csp increase along the propagation due to the increasede midths caused by
the tapers. The device, thus, results very short. Pliead field is transformed adiabatically, resulting in
very low radiation loss. Figure 2 shows the output powerohe of the splitter's arms, for wavelengths
between 1.6m and 1.6m.

—l-
= —
——-

a) Splitter b) Simulation

Fig. 1. The picture of optical splitter of coupled taperedegaides and splittin
result of BPM simulation
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Fig. 2. Dependence of output power of 3dB splitter with coupled
tapered waveguides on wavelength

The splitter loss curve is very flat over 60nm, withslasound 0.2dB. The maximum loss is about 0.3dB,
thus the overall change is only 0.1dB over 100nm wavelengte spa

The design described above has been fabricated as parS@A-based wavelength converter in InP.
Figure 3 shows a near-field image of ASE light fromshlitter's outputs. The ASE stems from an
integrated SOA at the input. The distance betweetwhepots is 250m.

Fig. 3. The near field image of the 3dB splitter. Th&ce between two spots is
250um.

Summary:

A new type of optical power splitter for PIC has beevetigoed. Since it utilizes coupled
waveguide way to split and combine light, its splittingd is very low. Tapered waveguides lead to
improved power transfer from one waveguide to anothéucexl coupler length, and wavelength
insensitivity. It is thus a very useful element fo€BJ especially in wideband application.
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