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SOI-Based 3dB MMI Splitter’
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Abstract: A type of SOI-based MMI 3dB splitter has been demonstrated. The geometry was
analyzed and designed by effective index method and guide mode method. The fabrication toler—
ance was analyzed too. The device was fabricated and near-field output was obtained. The de-

vice shows large width tolerance, low loss and low power uniformity.
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1 Introduction

3dB splitter is one of the key devices in the integrated optics. Y -branch and X-cross
branch are both the conventional structures to realize 3dB splitter, however, which are
difficult to fabricate because of the small branch angle. In recent years, MultiM ode Inter—
ference (MMI) couplers, based on the self-imaging effect, are accepted popularly due to
their advantages, such as lowoss, compact size and large fabrication tolerance'"*'. Cou-
plers based on MM structure can be obtained in various materials, such as InP, SiO2, and
GaAs. Their excellent performance has been reported’ . Silicon-On-nsulator ( SOI)
technology is considered being a promising technology to guide wave photonic devices
operating in the infrared (A> L. 2um). The SOI-CM OS integrated circuit, being the future
low power, high-speed electronic technology, ensures the availability of high—quality low -
cost substrates. Because of the large index step between Si and SiO2(An~ 2. 0), thin

cladding layer (< 1.0pm) is used in SOI waveguide structures, making them compatible
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with VLSI technology. In contrast to the silica waveguide technology, 5—10um thick
cladding cover layer is needed due to the low index step. Therefore, development of opti-
cal and optoelectronic devices in SOI technology makes it possible to fabricate low —cost,
monolithic optoelectronics circuits. In this letter, we present the design, performance
analysis and fabrication of integrated 1X2 3dB MMI splitter with SOI technology. The
fabrication tolerance is also analyzed. The process technology is fully compatible with the

silicon CMOS integrated circuit process.
2 Design

An MMTI coupler is based on the self- imaging property of a multimode waveguide.
Schematic diagram of the 3dB MMI splitter is shown in Fig. 1. The MMI splitter consists
of a single mode input waveguide, a planar multimode waveguide and two single-mode out-
put waveguides. Because of the large index step of Si and SiO2, the rib structure should be
applied to the SOT waveguides to load the fundamental mode under a certain condition'®

Schematic of the rib SOI waveguide is shown in Fig. 2.

My S0 — 7
Copler - Si H h
$i0, :
fput 1 Multimde | Qutput n. ne o | .
Wavegnide| Waveguide | Waveguides

FIG.2 Schematic Diagram of SOI Rib Waveguide
FIG. 1 Schematic Diagram of 1X2 MMI Splitter

In the MMI splitter, fundamental mode field is fed into the multimode waveguide at
the center. In this situation, only even symmetric modes are excited. The imaging in the
multimode waveguide is obtained by linear combinations of the even symmetric modes. To

form two=fold images, the length of the multimode waveguide shoule be'”:

_p neW 2
L=""0 (n

where p indicates the imaging periodicity. For the shortest device, p= 1. Wuris the effec—
tive width of the multimode waveguide, n:is the refractive index of the multimode section,
Ais the free space wavelength of the light. The two output waveguides are symmetrically
located with equal spacing width.

A simple method to simulate the MMI devices is the effective index method or the
guide-mode method. The simulated images in the multimode waveguide at the distance de-
termined by formula (1) are shown in Fig. 3. The width of the multimode waveguide is
40pm. Heights of the inner and outer rib are 10um and 6um respectively. The correspond-
ing length of the multimode waveguide is 2713um. In principle, three guide modes can

form two—fold images in the multimode waveguide. However, simulating result shows that
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with the guide modes increasing, the images become

narrow and the loss and crosstalk of the device reduce. f 2: i

So large confinement, which is the deep etching of the {L 0.4F

rib guides, is useful to enhance the performance of the E 0.3

device. However, the etching depth of the guides is ;221

limited by the single mode condition of the access _§ 0:0 ! ! ! L
1] 10 20 0 40

guides. The simulation result also shows that the W/
widths of the output waveguides have important influ-

ence on the characteristics of the MMI coupler. With FiG.3 Simulated Images of 1X2 MMI
the widths increasing, the loss and power uniformity of Splitter Multimode

the splitter reduced. Tapered waveguides were used to ~ Width: W= 40um. Length: L= 2713m
connect the multimode waveguide and the access waveguides, as shown in Fig. 1.

One of the main advantages of the MMI device is the large fabrication tolerance. Fab-
rication tolerances refer to the control of the geometrical dimensions during processing and
its subsequent impact on device performance. From formula (1), it is obvious that the
multimode section width is by far the most critical parameter to be controlled during the
fabrication. Tolerance can be evaluated by the influence of a small change in the dimension
on the loss and power uniformity of the MM I device. Loss can be evaluated by overlapping
the imaging field with the output waveguide mode field. The power uniformity is deter—
mined by:

UF = 10log(P/P>) (2)
— —— Output Guide Width:8 pm where Piand P2(P1> P2) are the output pow—
i Output Guide Width: 4 pm er in the two branches respectively. The sim-
ulated tolerance of the width of the multimode

section is shown in Fig. 4. Length of the mul-
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timode section is 2713um. Heights of the in-
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ner and outer rib are 10 and 6pm respectively.

0.00 ' L 1 ' The simulated result shows that the width
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W/ pm tolerance of the MMI splitter can be relaxed

greatly by using wider output waveguides. In

FIG.4 Tolerance of MMI Splitter to general, for a given wavelength and technolo-

Width of Multimode Waveguide gy. all tolerance can be relaxed by using

wider access waveguides. Tapered waveguides are used to connect the multimode

waveguide with the access guides, as shown in Fig. 1.
3 Fabrication

The conventional Si process technology is used to fabricate the MMI splitter. The
SIMOX SOI wafer with buried SiO2 and top silicon being both 0. 25um was followed by

Ilum of the epitaxial monoerystal silicon. The rib waveguides and MMI splitters were
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FIG.5 SEM Graph of Qutput
Facet of MMI Splitter

formed by one-step RIE (Reactive lon Etching) processing
using a Cr mask. The etching was performed at 3 scem SFs
and 10 scem N2 with 100W RF power of 30 min. In our de-
sign. the widths of the access waveguides were 10pym, and
several splitters with different dimension size were designed
to evaluate the tolerance. The lengths of the multimode
section in these splitters are 2713um. Widths of the multi-
mode section are 39, 40, 41 and 42um, respectively. Corre—
spondingly, the splitter samplers were numbered 17, 2,

3" and 4. The rib etching depth is Sum throughout the

chip. The SEM graph of the output waveguide facet is shown in Fig. 5. The top cladding

layer was formed by a dry-wet-dry thermal oxidation on the patterned SOI wafer. T hick-

ness of the cover SiO:zis about 0. 7um. So, the thickness of the coredayer of the inner rib

section is about 10.5um. Tapered waveguides were used to connect the multimode section

with the output waveguide. The wafer was thinned and cleaved.

4 Experimental Result

The light from the fiber at wavelength A= 1. 3pym was coupled into the rib waveguides

through the cleaved facet of an input guide. The light emerging from the output wave—

guides was projected onto the light sensitive area of an infrared CCD using a X 20 micro—

scope objective. Then the image was displayed on the TV monitor with a total 200 magni-

fication of that of the cleaved output facet. The CCD had a
line scan facility, which was used to measure the intensity
profiles through the center of the output spots, by which
we can estimate the power uniformity of the coupler. The
images on TV were taken by a digital camera. Figure 6
shows the measured nearfield images of each output
waveguides of sample 4°. The measured result of sample
1", 2% and 3" are the same as that of the sample 4° . There
is no obvious different results for different sample. The re-
sult shows that the width tolerance of the MMI device is

large enough for the conventional Si process technology.

FIG.6 Measured Near—Field Image
of Two Output Waveguides in

MMI Splitter (Sample 47 )

Not including the reflective loss of the two facets, the excess loss of sample 4" is about

1. 8dB. The power uniformity of the two output branches is less than 0. 5dB.

5 Conclusion

In conclusion, we have demonstrated the 3dB MMI splitter based on SOI in a form

suitable for the OEIC application. The splitter with different width of multimode section

were designed and fabricated. The output nearfield images were obtained. T he excess loss
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of the splitter is about 1. 8dB. The power uniformity is less than 0. 5dB. The width toler—

ance of device is enough large for conventional Si process technology.
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