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Optical 90° hybrids based on 2x4 multimode interference (MMI) coupler are designed
and fabricated on a stripe SisN4 layer. The hybrids show good performance on calculated
parameters including excess loss, bandwidth and phase accuracy. The fabricated chips
are characterized in a spectral window of 1520-1610 nm. The measured excess losses are
below 1 dB while the common mode rejection ratios are within 10-20 dB. Lower than 10°
phase error has been obtained over a bandwidth of 90 nm. The preliminary results show
good agreement with the simulations.

Introduction

Stoichiometric silicon nitride (SisNas), especially single-stripe layer, grown by low
pressure chemical vapour deposition (LPCVD) has been reported to show tremendously
low propagation loss (<0.1 dB/m at 1550 nm) and ultra-broad transparency window (from
~400 nm to 2350 nm) [1]. Recently, devices based on SizN4 platform have been widely
investigated such as telecommunications [2] and bio-sensing [3]. However, to our best
knowledge, a 90° hybrid based on multimode interference [4] on SisN4 has not been
studied yet. The hybrids presented are mostly on silicon-on-insulator (SOI) platform for
demodulating signals with quadrature phase shift keyed (QPSK) [5, 6], and also applied
to current sensors [7]. Essentially, the relatively lower refractive index of SisNs (~2)
brings lower mode phase errors and no shallowly etched waveguides are required [6]. In
this paper, 90° SizN4 hybrid is designed and preliminarily characterized. The measured
losses and phase errors show good agreement with simulation, paving the way for further
improvement and potential applications of the hybrid on SisN4 platform.

Design and Simulation

Schematic of a 2 x 4 MMI hybrid are shown in Fig. 1. A single-stripe 200 nm thick SisN4
layer grown by LPCVD is employed. The relevant substrate is 8 um thick thermally
oxidized SiO. and the cladding is ~6 um thick plasma enhanced chemical vapor
deposition (PECVD) SiO». The input and output ports are linearly tapered from 3 um to
y . 1.2 um with a fixed length of 10 pm to
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Fig. 1. Schematic of the 2x4 MMI hybrid. Inl and In2, here. At th_e wa}ve!ength of :_L550 nm,
and P1, P2, P3 and P4 denotes the input and output ports.  the refractive indices of SisN4 and

176



Proceedings Symposium IEEE Photonics Society Benelux, 2017, Delft, The Netherlands

SiO; are 1.984 and 1.446 respectively. According to the self-imaging principle [4], the
multiple confined modes in the multimode region of the MMI interfere together,
providing a hybrid field at position L along the propagation direction. The field is
expressed as

m-1
w(y,L) =chwv(y)exp{i%% (1)
v=0 4
where v is the mode order, m is the number of modes supported by the multimode region,
cv is the modal excitation coefficient, L is the propagation distance of the field inside the
MMI section. The device is designed for transverse-electric (TE) applications. The width
of MMI (Wy) is 16 um which supports 10 TE modes with mode phase errors below
50°, which are a bit better than those with shallowly etched Si presented in [6] benefitting
from the lower
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Fig. 2(a) show the
hybrid loss (a;,) as a function of L, with input port Inl and In2 respectively, which is
calculated by propagating the eigen modes using equation (1) by a fast 2D mode solver
(~second per calculation). The hybrid losses of the four output ports are lower than 7 dB,
indicating less than 1 dB excess losses of the hybrid at L, of 268-280 um. Since most
loss curves have a relatively low loss at Ly, of ~273 um. This length is smaller than the
theoretical distance for 4-fold image patterning (3L,;/4) of 276 um but it is regarded as
an optimal value. The optimal parameters can be further determined by properly varying
the port widths and locations as reported in the work of [8]. The lights from input port
Inl and In2 are assumed to have the same amplitude and phase. Fig. 2(b) demonstrates
phase errors between the output ports for the MMI including A, = ¢; — ¢, — 180°,
Ap, = ¢p, — ¢p3 — 180° and Agp; = ¢p3 — ¢, — 90°, where ¢; (i =1, 2, 3, 4) isarelative
phase after removing changes of more than 2x extracted from the complex amplitude.
The phase errors are all below 4° at Ly, of 270 um which is better than that at Ly, of
273 um. Therefore, devices with Ly, of 270 um are designed. Such 3D structure is
further verified using 3D finite difference time domain (FDTD) at 1550 nm wavelength,
and A¢,, Ag, and A¢; are 1.85°, -1.80° and 3.0° respectively. Phase errors at other
wavelengths of the spectrum range are found to be below 4° too.
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Characterization Results

Chip characterization was carried out for the aforementioned 2 x 4 MMI hybrid integrated
with an on-chip 1 x 2 MMI 3-dB splitter and 550 um delay line in a spectrum range of
1520-1620 nm with a resolution of 0.1 nm. Fig. 3(a) and 5(b) show the spectrums as a
function of wavelength with different scale. The total loss including 3-dB splitter and
MMI hybrid, is interpreted by normalizing the peaks of the spectrum to the reference
waveguide with highest transmission, as shown in Fig. 3(c). The standard deviation of the
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Fig. 3. (a) Transmission spectrum of the hybrid at L, of 270 um at wavelength range of 1520-1620 nm.
(b) Zoom-in spectrum at 1540-1558 nm. (c) Normalized total loss of the device from measured peaks.
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Fig. 4. (a) Phase difference extracted from measurements between the output ports by referring each output
port. The dashed purple lines show 10° deviation to support the viewing. (b) The common mode rejection
ratio (CMRR) between different output ports.

losses is below 0.4 dB which has already included the deviation of reference waveguide
transmission after error propagation. It can be seen a large portion of the losses at different
wavelength are between 6.5-7 dB, which agrees with the estimation above [Fig. 2(a)].
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The relatively phase difference between the output ports (A¢) can be calculated from the
related wavelength shift (A1) of the peaks, i.e. A¢p = 2mAA/AAgsg, Where the peak
distance (AArgg) is locally extracted. Fig. 4(a) shows the values of the phase difference
related to different reference output port. For each reference output port, most phase
difference stays within +10° deviation corresponding to the target value (i.e. 90°, 180°
and 270°) over the whole spectrum range. For example, for the reference output port P4,
the measured phase error is below 6.5°, indicating good agreement with simulation. The
variation mainly caused by fabrication uncertainties such as the width variation and
roundness of the corners, which will be further explored in the future. In addition, the
common mode rejection ratio (CMRR) is also investigated to evaluate how difference
between output powers. It is calculated by 201ogq,[|P; — P;|/(P; + P;)] with a unit of
dBe, where P; ; is the measured power of i- or j-th output port in Watt. The results
illustrated in Fig. 4(b) as a function of the wavelength shows the CMRR mostly below -
10 dB rather than below -20 dB as simulated. The reason is still under investigation.

Conclusion

In the work, an optical 90° MMI hybrid is presented. The device is simulated using both
2D mode solver and 3D FDTD. A preliminary characterization is carried out for the
hybrid integrated with a 3-dB splitter at the MMI length of 270 um in a spectrum range
of 1520-1620 nm. The measured total losses at different output ports are mostly below
7 dB and located within 6.5-7 dB. Lower than 10° phase error is also achieved at different
reference output ports over the whole spectrum range. Further optimizing of the design
parameters is under investigating.
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