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Optical power splitters and/or couplers are important components for optical signal distribution
between channels both in wavelength division multiplexing(WDM) systems and photonic integrated
circuits(PICs). Since polarization is usually not known after propagation in an optical fiber, passive
WDM components have to be polarization insensitivity. Compared to alternatives such as directional
couplers or Y-junction splitters, splitters based on multimode interference(MMI) have found a
growing interest in recent years because of their desirable characteristics, such as compact size, low
excess loss, wide bandwidth, polarization independence, and relaxed fabrication tolerances"’. These
devices have been fabricated in polymers, silica, or III-V semiconductor materials. A 1 x 4 MMI
power splitter on InP materials that were suitable for application in the 1.55-um region(z). However,
the fabrication process of the structure is too complicated and the photolithography tolerance is very
tight. Also, a 1 x 16 InGaAsP/InP MMI power splitter with an excess loss of 2.2dB and a splitting
ratio of 1.5dB was demonstrated by using deep etching(3). The deep etching of the sidewalls through
the entire guide layer of the slab waveguide resulted in a number of drawbacks'®,

In this study, we have designed polarization-independent 1 x 8 MMI power splitters with a
weakly guided ridge structure by using the effective index method(EIM) and a finite difference
beam propagation method(FD-BPM) simulation. We fabricated them on InP materials by using an
optimized CH«/H2 RIE process.

Figure 1 shows the excess loss and the splitting ratic at the output of the 1 x 8 MMI splitter
as functions of the length and the width of the multimode waveguide, and the wavelength for TE
and TM polarizations. The splitter exhibits a minimum excess loss of 0.29dB(0.36dB) and a splitting
ratio of 0.34dB(0.49dB) at a wavelength of 1.55m for TE(TM) polarization. For an excess loss and a
splitting ratio below 1dB and 0.5dB, respectively, the fabrication tolerances for the length and the
width of the multimode waveguide are 2445%15wm(20im), 963 0.3m(0.4um), respectively, and the
bandwidth is 20nm(35nm) for TE(TM) polarization. SEM micrographs of the fabricated 1 x 8 MMI
splitter are shown in Fig. 2. All the input and output waveguides were 3-ym wide and supported the
fundamental mode only. The epitaxial layer consisted of 350-nm-thick lattice-matched InGaAsP layer( A
=12im) cladded by a 15-um-thick InP layer and were grown by metalorganic  vapor-phase
epitaxy(MOVPE) on an InP substrate. The polarization dependence of the devices, both for TE and TM
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mlarization, was investigated using a polarization controller and polarizer. The propagation loss was
measured by the cutback(CB) method and found to be 291dB/cm at 1.55um for the fabricated 3-um-wide
sraght waveguides. The IR camera image and the line scan of the 1 x 8 MMI splitter for TE
polarization are shown in Fig. 3. Figure 4 shows insertion loss calculated and measured at each output
oot for a 1 x 8 MMI splitter both for TE and TM polarizations. For TE(TM) polarization, an excess loss
0l 1.02dB(1.95dB) and a splitting ratio of 0.68dB(1.13dB) were obtained for the fabricated 1 x 8 MMI
power splitter. The measured excess loss was higher than the simulated one, which could be ascribed to
d=vice process errors.

In conclusions, we demonstrated theoretically and experimentally that a polarization—-independent 1
®x & MMI power splitter with a weakly guided ridge structure have the advantage of ease in
manufacture and can be used to divide the power equally between the eight split output ports with
“ow excess loss, low splitting ratio, and acceptable fabrication tolerance.
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Fig. 1. Excess loss and splitting loss at the output ports of a 1 x 8 MMI splitter as function of (a) MMI
length, (b) MMI width, and (c) wavelength.
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Fig. 2. SEM micrographs of the Fig. 3. IR camera image and line Fig. 4. Insertion loss calculated and
fasricated 1 x 8 InGaAsP/InP  scan of the eight ouput beams of measured at each output port for a 1 x

MMI splitter. the 1 x 8 MMI splitter for TE 8 MI'VH.Splitter both for TE and T™M
polarization. polarizations.
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