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40 Gbps Si vlolT &2 ¥ WHEV] WX EA HA3F

Modulation performance optimization of 40-Gbps Si micro-ring modulators

We present the results of the modulation performance optimization for the depletion-type Si micro-ring
modulator. With analyses based on TCAD simulations and the coupled-mode theory, the optimal device
geometry for obtaining the largest optical modulation amplitude for 40-Gbps operation is determined.

The depletion-type Si micro-ring modulator (MRM) is expected to play an important role in optical
interconnect systems because it provides the large modulation bandwidth and small device footprints, which are
highly attractive for the cost-effective co-integration of photonics and electronics [1]. There are many reports
for analysis and experimental demonstrations of Si MRMs [2-4]. However, a systematic device design guide for
determining optimal doping concentrations, MRM radius, and coupling strength between ring and bus waveguides
for a target data rate is not available.

In this study, we present the results of our investigation carried out for realizing such a design guide. Our
analysis is based on TCAD simulation (Sentaurus) of p-n junctions, and optical waveguide simulation for the
effective index calculation, and the coupled-mode theory for MRM characterization [5-7].

1
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Fig. 1 (a) Cross-section and (b) top-view and (c) simulated transmission characteristics at 0, — 1, and — 2 V of
depletion-type of Si MRM

Fig. 1(a) and (b) show the cross-section and top-view of the target Si MRM, respectively. The Si
waveguide core consists of 500-nm width, 120-nm mesa and a p-n junction with the nominal doping concentration
of 7 x 10'7 cm’3 for p-region and 3 x 108 cm™ for n-region. The light confined in the ring resonator is modulated
by the applied reverse bias. In Fig. 1(b), « and y are the loss coefficient indicating the field ratio after one round-
trip, and the through coefficient representing a field ratio of through light at the coupler, respectively. Fig. 1(c)
shows an example of the transmission characteristics simulated by the coupled-mode theory forV=0,-1,-2
V, r=8pumand y = 0.99. The DC curve shows a red shift with an increase in the reverse bias due to the plasma
dispersion effect. Here, the operation wavelength (4op) is the wavelength providing the maximum optical
modulation amplitude (OMA). The normalized OMA is defined as the output power difference between 0 V
and — 2 V bias at Agp

To investigate the optimization of the normalized OMA and the 3-dB bandwidth, their dependence on
r and y are determined as shown in Fig. 2(a) and (b), because « is given by r and v is relatively adjustable parameter.
Here, the 3-dB bandwidth is determined by the photon lifetime in the ring cavity. As y increases, the 3-dB
bandwidth decreases and the normalized OMA increases due to an increase in Q factor of the ring resonator,
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indicating the tradeoff relationship between the two characteristics. In addition, it shows the same trends as r
increases. The 3-dB bandwidth above ~ 30 GHz is not appropriate for the fabricated Si MRM because its electrical
bandwidth limits the total bandwidth, which is ~ 33 GHz with the measured resistance and capacitance values of

~ 340 Q and ~ 14 fF, respectively.

considering the RC limit.  Therefore, the optimized OMA can be given as a function of r with the optimized y as
shown in Fib. 2(b). Fig. 2(c) shows 40-Ghps eye diagrams by 27 - 1 PRBS input data for 8-, 11- and 14-um r
with the 20-GHz bandwidth. The larger ring radius becomes, the larger eye opening becomes with an increase
in the normalized OMA. However, it should be considered for the final design that the device footprint become
larger as increasing r for the larger OMA.

In summary, we report the modulation performance optimization of the depletion-type Si MRM for 40-
Gbps modulation by analyzing the OMA and the bandwidth with the various rand y.  For the 20-GHz bandwidth
for the given data rate, it is possible to predict the optimized OMA as a function of r by the determined .

The 20-GHz bandwidth can be used for 40-Gbps operation, also
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Fig. 2 (a) 3-dB bandwidth and (b) normalized OMA as a function of r and y and (c) 40-Gbps eye diagrams for 8-,
11-,and 14-umr
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