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Designing a next-generation
waveguide by geometry

Willem Hoving, Douwe Geuzebroek, and Rene Heideman

TriPleX waveguide technology has the potential to become the stan-
dard for industrial integrated optics in visible and infrared light appli-
cations.

Planar lightwave circuits (PLCs) have broad application in ar-
eas ranging from space to telecommunications to sensing. For
example, PLC technology can be used in optical true-time de-
lays for phased array antennas. These delays make possible
a simpler, less-expensive control system and improved perfor-
mance that could benefit wireless communication in space and
air.! PLCs also have utility in integrated-optic network compo-
nents, such as optical add-drop multiplexers (OADMs).? These
devices help achieve high system functionality in fiber-to-the-
home networks. Finally, PLC techniques can be used for optical
sensors and emerging visible applications, since they enable in-
tegration of mode filters, interferometric principles, and other
optical functions required for compact, highly sensitive and se-
lective devices. Figure 1 gives an overview of optical integration
technologies.

Integrating functions has several advantages over discrete so-
lutions. Lower costs, mass production, stability, and form fac-
tor (footprint area and volume) are all well-known drivers for
integration. Achieving integration in the field of optics will re-
quire meeting a number of specifications. First, to ensure tight
bends and consequently small structures, the technology must
offer high contrast in refractive index between the light-guiding
layer and the surroundings. Second, there must be a way of cor-
recting for additional losses owing to the greater number of func-
tions. Third, because polarization is so important, there must be
a way to control it. Finally, transparency for a large range of
wavelengths is essential to guarantee the maximum flexibility
required of an industrial standard for integration.

We have developed the TriPleX waveguide technology, which
is capable of meeting these requirements. It consists of alternat-
ing layers of silicon nitride (SizNy) and silicon dioxide (SiO5)
formed by CMOS-compatible low-pressure chemical vapor de-
position (LPCVD). TriPleX is fully transparent for wavelengths

Figure 1. Examples of optical integration: (from left to right) optical
beam forming for phased array antennas, microring resonator filter for
R-OADMs, and spiral waveguide for optical sensor. R-OADMs: Re-
configurable OADMs.

r—='covered I'-shape I box-shape L A-shape
—-———1k .‘
j
2um i 12
SisNg "7~100nmﬂ§7jﬂ:' ] i t'_' ~wmuﬂ

Figure 2. Scanning electron microscope image (top) and schematic
view (bottom) of cross-sections of typical waveguide structures, with
LPCVD silicon nitride (Si3Ny) (dark red) as the basic waveguiding
layer, filled with and in turn encapsulated by silicon dioxide (SiO,)
(grey/blue and green/blue).

from <400nm up to 2um and beyond. The technology also al-
lows for medium- and high-index-contrast waveguides.

As shown in Figure 2, the channel geometry approximates a
‘hollow core” system. It consists of a low-index inner core of
SiO; cladded with the high-index outer core of SizNy4. The ni-
tride shell has typical outer dimensions in the order of 1um?,
with its precise characteristics depending strongly on the desired
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Table 1. Performance characteristics for a box-shaped TriPleX waveguide for telecom applications (wavelength: ~1500nm,).

Group Channel Polarization-dependent Insertion loss to small-
birefringence attenuation loss core fiber (dB) without
(Bg) (dB/cm) (dB/cm) spot-size converter
<1x10~% <0.06 <0.10 0.15

application. Channel attenuation in TriPleX waveguides is very
low over a wide range of wavelengths from visible (<400nm)
through the IR range (2um and beyond). Essential waveguide
features such as modal birefringence, minimum bending ra-
dius, and insertion loss depend only on the geometry of the
waveguide layer structure. This leads to vast design freedom
and extremely stable performance over time, as all the con-
stituent materials are LPVCD end products, which have sto-
ichiometric composition. Consequently, there is no unwanted
absorption peak near 1505nm due to N-H bonds from hydrogen
incorporation. Finally, TriPleX waveguides can be highly cost-
effective, since in most cases only one photolithographic step is
required.>

Table 1 provides characteristic operating performance for a
single-mode box-shaped TriPleX waveguide. Both attenuation
and modal birefringence as well as polarization-dependent loss
are kept to levels normally associated with low-contrast conven-
tional waveguides. In addition, the efficiency associated with
the coupling of a TriPleX waveguide to an optical fiber can also
be high and is optimized through appropriate tapering of the
waveguide shape.

In conclusion, the TriPleX technology is interesting for appli-
cations that require coupling into and out of the optical fiber net-
work infrastructure. The reasonably small bending radii allow
small footprints, and thus reduced cost. The results reported for
TriPleX demonstrate its high potential for large-scale integrated
optics, not only in telecommunications but also applications in
the newly emerging areas of data communications, sensing, and
visible light. Within the SmartMix program MEMPHIS,® a con-
sortium of 22 companies, universities, and research institutes
is developing photonic integration technology to open the way
to major new applications for the use of light in medical diag-
nostics, health care, entertainment, and communications. A ma-
jor activity is to integrate microelectronics and photonics in one
common technology platform.
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