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Introduction

Silicon industry is reaching its limit in size, device
integration and complexity, as the physical limitations of
metallic interconnects. Existing metallic interconnect
technology is facing a severe challenges due to ev-
er-increasing bandwidth demand for next generation
high performance computing. Light modulation in sili-
con, is the challenging aspects to change the refractive
index, because silicon does not show any Pockel’s effect
[1]. Light modulation in silicon is achieved by varying
the carrier density to change the local index of refraction
[2]. We demonstrate Mach-Zehnder Interferometer mod-
ulator with cascaded p/n junctions which are arranged as
shown in Fig. 1, along the arms of modulator and oper-
ated at forward biased mode.In the slow switching mode,
both the thermal and electric field effects are important,
while in the high speed modulation only the electric ef-
fect is considered. We discuss about these two effects.

Fabrication process

The MZI optical modulator was fabricated on sili-
con-on-insulator (SOI) wafer. An oxidation layer of 100
nm is formed on the SOI wafer. The SiO, layer is depos-
ited by atmospheric pressure chemical vapor deposition
(APCVD) and this layer acts as an insulator as well as
upper cladding layer. Finally, Al electrodes are fabricat-
ed after contact hole wet etching, by the DC magnetron
sputtering and H,+N, annealing is carried out. Optical
micrograph of our fabricated device is shown in Fig. 2.

Results Discussion and Conclusion

Modulation behavior is shown in Fig. 3(a) for 3V and
3(b) for 6V. Simulation is carried out, the output inten-
sity is proportional to c0s’0/2 where 0 is phase shift and
0= O(electric) + O(thermal). Electrical effect decreases
refractive index change, An<0 and thermal effect in-
creases refractive index change, An>0. Simulation re-
sults (Fig. 3(c) and 3(d)) show at different applied bias
both electrically and thermally phase change has in-
creased. Phase change by injected current may depends
on injected current density as well as thermal phase
change depends on amount of power. Figure 4(a) and
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4(b) shows that optical phase change increasing by in-
creasing the bias voltage.

Fig. 1 Structure of Si MZI
optical modulator with cas-
caded p/n junctions [3].

Fig. 2 Optical micrograph
of the fabricated MZI (arm
length is 5 mm) [3].
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Fig. 3 (a), 3(b) measured are results and 3 (c), 3(d) are
simulation results at 3V and 6V respectively.
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Fig. 4 (a) Phase change (eeo versus current density (b)
Phase change (&) versus power.
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