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Abstract: This paper describes a fabrication process for realizing Indium-Phosphide-based
photonic-integrated circuits (PICs) with a high level of integration to target a wide variety of
optical applications. To show the diversity in PICs achievable with our open-access foundry process,
we illustrate two examples: a fully-integrated 20 Gb/s dual-polarization electro-absorption-modulated
laser, and a balanced detector composed of avalanche photodiodes for detection of 28 Gb/s optical
signals. On another note, datacenters are increasingly relying on hybrid integration of PICs from
different technology platforms to increase transmission capacity, while simultaneously lowering cost,
size, and power consumption. Several technology platforms require surface coupling rather than
the traditional edge coupling to couple the light from one PIC to another. To accommodate
the surface-coupling approach in our integration platform, we have developed a strategy to
transfer the following optical Input/Output devices into our fabrication process: grating couplers,
and vertical mirrors. In addition, we introduced etched facets into the process to improve the
usability of our edge-coupling elements. We believe that the additional flexibility in Input/Output
interfacing combined with the integration of multiple devices onto one PIC to reduce the number of
PIC-to-PIC alignments can contribute significantly to the development of compact, low-cost, and
high-performance datacenter modules.
Keywords: photonic integrated circuits; indium phosphide semiconductors; optical interconnects

1. Introduction
Optical Interconnects and photonic integration are currently gaining a lot of attention in the optical
communications community. The telecommunications market is gearing up towards a huge increase
in human connectivity, but also in human-to-machine- and machine-to-machine connectivity (5G,
cloud-computing services, IoT, Industry 4.0, car-to-car communications, video connectivity, etc.) [1].
Datacenters are expected to play an increasingly bigger role, and the associated traffic is expected to
increase dramatically for both the traditional intra-datacenter fiber-optic links from server to server
(the so-called east-west traffic), but also for the inter-datacenter fiber-optic links from one datacenter to
another (the north-south traffic) [2–4]. The main factors driving deployment of ultra-high-capacity
fiber-optic links (such as 400G) in datacenters are cost, size, and power consumption. Fiber-optic links
in datacenters today rely on compact- and low-cost direct-detection systems, which typically consist of
low-power light sources such as vertical-cavity surface-emitting lasers (VCSELs), surface-illuminated
photodiodes, and multi-mode fibers that allow for large fiber-chip alignment tolerances [5]. In order to
increase link capacity to meet the expected traffic demand, more complex methods of transmission
through single-mode fibers (SMFs) will have to be introduced, such as wavelength multiplexing,
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polarization multiplexing, multi-core fibers, and coherent methods employing higher-order modulation
formats (such as quadrature-phase-shift-keying QPSK, quadrature-amplitude modulation QAM, and
pulse-amplitude-modulation PAM formats). However, such complex transmission formats typically
result in larger components, higher device costs, and increased power consumption. In order to balance
this problem out, researchers are looking into hybrid integration of PICs from different technologies
(such as InP-, glass-, polymer-, silicon-nitride- SINx-, and silicon-on-insulator SOI technology) into
compact modules, in order to increase link- or channel capacity, while simultaneously tailoring optical
specifications, cost, module size, or power consumption.
Complex transmission techniques have long been implemented in backbone fiber-optic links that
operate at longer wavelengths (O-, C-, and L band operating at 1.3 µm, 1.55 µm, and 1.7 µm, respectively)
than the current datacenter systems (around the 1µm wavelength region; Gallium-Arsenide GaAs
technology), which is why datacenters are considering a transition towards these longer wavelengths.
At the same time, these wavelengths allow for mono-mode signal transmission, particularly required
for the longer north-south traffic links. The Indium-Phosphide (InP) technology becomes indispensable
at these longer wavelengths, being the only material technology that can generate light in these
bands. In addition, the InP technology is also suitable for realizing all the other required optical
functionalities, such as passive waveguiding, detection, amplification, and phase- and amplitude
modulation. The Fraunhofer Heinrich-Hertz Institute (HHI) in cooperation with several other partners
has been developing a fabrication process for realizing complex InP photonic-integrated circuits
(PICs) providing full integration of transmitter- (Tx) and receiver- (Rx) capability, and a variety of
passive-optical functions, including polarization control [6]. Access to InP PICs from this fabrication
process is provided in the form of generic-foundry runs (so-called multi-project wafer MPW runs) at
scheduled intervals. This generic-foundry process has already been used to realize numerous complex
InP PICs for various applications [7–15].
In order to accommodate datacenter applications that would benefit from hybrid integration,
foundry-service providers will have to expand their component portfolio to address, in particular, the
efficient coupling of light in- and out of the PICs in the most effective way. So far, this subject has
not gained much attention from foundry-service providers, although being an important topic for
this sector.
In the first part of this paper, we will describe the InP-based photonic-integration platform of
the Fraunhofer HHI, and subsequently we will show two examples of fabricated InP PICs that may
be relevant in optical interconnects for datacenter applications. The first example describes a fully
integrated dual-polarization transmitter, which demonstrates an example on how to increase the
channel capacity of fiber-optic links. The second example describes an integrated balanced detector
based on avalanche photodiodes as an example on how to achieve lower power consumption of
multi-level transmission systems due to an increased receiver sensitivity. In the second part of this
paper, we will describe three optical Input/Output coupling elements that we have been integrating
into our generic-foundry process, in order to be able to address hybrid-integration applications for
optical interconnects in datacenters. These additional Input/Output coupling elements (except for the
grating couplers) have been successfully employed in commercial products of the Fraunhofer HHI,
and in this work, we will describe the transfer of these elements into our open-access foundry process.
2. InP-Based Generic-Foundry Photonic Integrated Circuits
The purpose of generic foundries is to offer external designers access to the fabrication process
of PICs in the form of regular MPW runs. In a generic-foundry concept, external PIC designers
create the layout of their PIC by selecting the optical components from a list of standardized- and
well-proven devices (also called building blocks or BBs) provided by the foundry in the form of a
photonic design kit (PDK). The PDK contains all the information for PIC designers to design their
PIC, including the design rules, and the simulation- and layout software. The PIC designer routes the
BBs together using the available passive waveguides to finalize the PIC layout. Similar to electronic
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foundries, generic foundries for photonic ICs provide the following advantages to PIC designers: low
cost PICs due to sharing of wafer space amongst several designers, reduced design time with the help
of calibrated simulation software and extensive BB libraries, and fast turn-around time without the
need for additional process development. In order to attract as many applications and PIC designers
as possible, foundry-service providers aim to develop a fabrication process that can realize as many
Sci. 2019, 9
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is grown by metalorganic vapor phase epitaxy (MOVPE) on a 3-inch semi-insulating (Fe doped) InP
substrate. The active components (i.e., the SOAs, the DFB lasers, and the electro-absorption modulators
EAMs), are based on the same 8 multi-quantum well (MQW) layer with a photoluminescence peak
Appl. Sci. 2019, 9
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Figure 3. Photograph of the fabricated dual-polarization electro-absorption-modulated laser (a), along
Figure 3. Photograph of the fabricated dual-polarization electro-absorption-modulated laser (a),
with a plot showing the insertion loss of the EAM for bot polarizations (b), and a plot of the bandwidth
along with a plot showing the insertion loss of the EAM for bot polarizations (b), and a plot of the
of the EAM for various applied voltages (c).
bandwidth of the EAM for various applied voltages (c).

Figure 3b shows the response of the EAM to both polarizations as a function of the applied bias
Figure 3b shows the response of the EAM to both polarizations as a function of the applied bias
voltage. This plot shows that the EAM only responds to a TE-polarized optical signal, while leaving
voltage. This plot shows that the EAM only responds to a TE-polarized optical signal, while leaving
TM-polarized unchanged. Figure 3c shows the frequency response of the EAM for various applied
TM-polarized unchanged. Figure 3c shows the frequency response of the EAM for various applied
voltages, illustrating a modulation bandwidth up to 12 GHz at present. Significantly higher bandwidths
voltages, illustrating a modulation bandwidth up to 12 GHz at present. Significantly higher
will be available in the future following dedicated design and processing optimization steps. The DC
bandwidths will be available in the future following dedicated design and processing optimization
characterization of the fabricated DPEML PIC is done on a Stokes-calibrated measurement station.
steps. The DC characterization of the fabricated DPEML PIC is done on a Stokes-calibrated
We use it to measure the Stokes vector of light exiting the device and its dependence on the two bias
measurement station. We use it to measure the Stokes vector of light exiting the device and its
voltages. The measurement is done at a DFB bias of 130 mA, and the chip is placed on a TEC that is set
dependence on the two bias voltages. The measurement is done at a DFB bias of 130 mA, and the
to 20 ◦ C. The fiber-coupled output power with unbiased EAMs is −23 dBm. This can be broken down
chip is placed on a TEC that is set to 20°C. The fiber-coupled output power with unbiased EAMs is to 3 dBm coming from the DFB, 2 dB loss per PR, 9 dB per EAM (including the epitaxial butt-joint
23 dBm. This can be broken down to 3 dBm coming from the DFB, 2 dB loss per PR, 9 dB per EAM
(including the epitaxial butt-joint interface), and 4 dB coupling loss to a tapered single mode fiber. A
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Figure 4. Schematic of the measurement setup used to characterize the DPEML (a), and eye diagrams
Figure 4. Schematic of the measurement setup used to characterize the DPEML (a), and eye diagrams
of the TE- and TM polarized signal from the DPEML at 20 Gb/s (b).
of the TE- and TM polarized signal from the DPEML at 20Gb/s (b).
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Figure 5. Schematic of a homodyne receiver for multi-level format employing balanced avalanche
Figure 5. Schematic of a homodyne receiver for multi-level format employing balanced avalanche
photodetectors (a). Epitaxial layer stack of the waveguide photodiodes in the generic-foundry process
photodetectors (a). Epitaxial layer stack of the waveguide photodiodes in the generic-foundry process
(b), compared to the epitaxial layer stack of the waveguide avalanche photodiodes (c).
(b), compared to the epitaxial layer stack of the waveguide avalanche photodiodes (c).
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Figure 6a displays the measured dark current, photocurrent and resulting gain characteristics for
Figure
6a
displays
the
measured
dark
current,
photocurrent
and
resulting
gain characteristics
a single waveguide APD. Up to a gain of M = 14, the reverse bias voltage remains below 16 V. At unity
for a single waveguide APD. Up to a gain of M = 14, the reverse bias voltage remains below 16 V. At
gain voltage of 8.5 V, the responsivity is higher than 0.60 A/W over the entire C-Band. The dark current
unity gain voltage of 8.5 V, the responsivity is higher than 0.60 A/W over the entire C-Band. The dark
is lower than 10 nA (Figure 6b). Additionally, the APD shows low polarization dependency where the
current is lower than 10 nA (Figure 6b). Additionally, the APD shows low polarization dependency
PDL is below 0.5 dB. The f3dB bandwidth, as well as the linearity, was measured separately on chip level
where the PDL is below 0.5 dB. The f3dB bandwidth, as well as the linearity, was measured separately
while applying different bias voltages U corresponding to different gains. The bandwidth (Figure 6c) is
on chip level while applying different bias voltages U corresponding to different gains. The
up to f3dB = 24 GHz for low gain at U = 12 V and decreases with increasing bias voltage. For a gain
bandwidth (Figure 6c) is up to f3dB = 24 GHz for low gain at U = 12 V and decreases with increasing
up to M = 5.5 at an operation voltage of U = 15 V, the resulting bandwidth is still f3dB = 20 GHz for
bias voltage. For a gain up to M=5.5 at an operation voltage of U = 15V, the resulting bandwidth is
both APDs of a balanced-detector configuration, being sufficient for 28 Gb/s. At a higher gain up to M
still f3dB = 20 GHz for both APDs of a balanced-detector configuration, being sufficient for 28 Gb/s. At
= 14, a f3dB bandwidth of 17 GHz is obtained, resulting in a maximum gain-bandwidth-product of
a higher gain up to M = 14, a f3dB bandwidth of 17 GHz is obtained, resulting in a maximum gainGBP = 238 GHz and a responsivity-bandwidth product of 147 A/W GHz. The linearity of the APD
bandwidth-product of GBP = 238 GHz and a responsivity-bandwidth product of 147 A/W GHz. The
was determined by varying the input power and measuring the electrical ouput power at 20 GHz
linearity of the APD was determined by varying the input power and measuring the electrical ouput
(Figure 6d). A good linear behavior for input powers in the range of −10 to 5 dBm was observed.
power at 20 GHz (Figure 6d). A good linear behavior for input powers in the range of −10 to 5 dBm
was observed.
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Figure 6. Measurement results of the avalanche photodiodes: IV curve including the calculated gain
Figure 6. Measurement results of the avalanche photodiodes: IV curve including the calculated gain
(a), responsivity and PDL versus wavelength (b), frequency response for various applied voltages (c),
(a), responsivity and PDL versus wavelength (b), frequency response for various applied voltages (c),
and linearity for various input powers (d).
and linearity for various input powers (d).

3. Building Blocks targeting Hybrid-Integration Applications
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achieve
this, the following
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waveguide
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and vertical mirrors to steer the light to either the top- or the bottom surface of the PIC.
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passive
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Figure
8b
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with
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a
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provide
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an etched-facet termination near a cleaved facet. Etched facets provide many benefits over
cleavedcleaved-waveguide
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•• They
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the I/O
I/O interface
interface positions
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InP of the PIC down to sub-micron accuracy, as opposed to
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facets,
which
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have
an
cleaved facets, which practically have anaccuracy
accuracyΔx
∆xcleave,InP
cleave,InP of around +/−10 µm (see Figure 8c)
•
Reduction of back reflection at the facets by setting the angle α of the etched facet with respect
•
Reduction of back reflection at the facets by setting the angle α of the etched facet with respect to
to the waveguide (see Figure 8d)
the waveguide (see Figure 8d)
•
They set the desired output angle of the light (angle θ as shown in Figure 8d) independently
They set the desired output angle of the light (angle θ as shown in Figure 8d) independently from
•
from the angle α of the etched facet that affects the back reflection
the angle α of the etched facet that affects the back reflection
•
Possibility of applying optical coatings to the etched facets on-wafer and in a single coating
•
Possibility of applying optical coatings to the etched facets on-wafer and in a single coating process
process before cleaving or dicing
before cleaving or dicing
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Figure 8. Schematic showing the implementation of etched facets on the generic-foundry process (a).
Figure 8. Schematic showing the implementation of etched facets on the generic-foundry process (a).
SEM photograph of a diluted waveguide with an etched facet near a cleaved facet (b), a top view
SEM photograph of a diluted waveguide with an etched facet near a cleaved facet (b), a top view
schematic of the coupling between an InP PIC and an interconnect PIC (c), and an illustration of the
schematic of the coupling between an InP PIC and an interconnect PIC (c), and an illustration of the
parameters involved in defining the required etched-facet properties (d).
parameters involved in defining the required etched-facet properties (d).

In the work reported in previous studies [22,23], we were able to achieve an SOA gain of 22–23 dB
In the work reported in previous studies [22,23], we were able to achieve an SOA gain of 22–23
with the etched facets compared to a gain of 27–28 dB for SOAs with cleaved facets, resulting in an
dB with the etched facets compared to a gain of 27–28 dB for SOAs with cleaved facets, resulting in
additional loss of ~2.5 dB introduced by the etched facets. In this case, the mode size of the waveguide
an additional loss of ~2.5dB introduced by
the etched facets. In this case, the mode size of the
at the etched facets was around 2.5 × 2.5 µm2 , resulting in an increased loss and reflectivity (compared
waveguide at the etched facets was around 2.5 × 2.5µm2, resulting in an increased loss and reflectivity
to that of a cleaved-facet SOA) due to the roughness from etching of the facet. When transferring this
(compared to that of a cleaved-facet SOA) due to the roughness from etching of the facet. When
process to the generic foundry run, the etching process for the etched facets will be further optimized
transferring this process to the generic foundry run, the etching process for the etched facets will be
for lower roughness and lower etched-facet losses. In addition, the etched facets can also be etched on
further optimized for lower roughness and lower etched-facet losses. In addition, the
etched facets
the diluted waveguides (see Figure 2a), where the mode size is much larger (~10 × 7 µm2 ), reducing the
can also be etched on the diluted waveguides (see Figure 2a), where the mode size is much larger
effect of the etched-facet roughness even further. The noise figure of the etched-facet SOAs reported
(~10×7µm2), reducing the effect of the etched-facet roughness even further. The noise figure of the
in [22,23] was around 5–6 dB, and the length accuracy of the etched-facet SOAs was below ±0.5 µm
etched-facet SOAs reported in [22,23] was around 5–6 dB, and the length accuracy of the etched-facet
(compared to ±3.5 µm for the cleaved SOAs).
SOAs was below ±0.5 µm (compared to ±3.5 µm for the cleaved SOAs).
Etched facets are advantageous for both edge-coupling concepts shown in Figure 7a,b, however
Etched facets are advantageous for both edge-coupling concepts shown in Figure 7a,b, however
it is important that the optical signal can propagate from one PIC to another (and, of course, also to
it is important that the optical signal can propagate from one PIC to another (and, of course, also to
optical fibers) without much beam divergence (i.e., large mode sizes) so that the light does not bounce
optical fibers) without much beam divergence (i.e., large mode sizes) so that the light does not bounce
off the pedestal that is introduced. As is shown in Figure 8a, a major advantage of our generic-foundry
off the pedestal that is introduced. As is shown in Figure 8a, a major advantage of our genericprocess is that it allows for the realization of SSCs with an MFD of 10 µm by 7 µm, resulting in a
foundry process is that it allows for the realization of SSCs with an MFD of 10 µm by 7 µm, resulting
small beam divergence angle. This, in turn, allows for a rather large pedestal length (>10 µm) before a
in a small beam divergence angle. This, in turn, allows for a rather large pedestal length (>10 µm)
significant portion of the light hits the pedestal.
before a significant portion of the light hits the pedestal.
The etched facets are formed on-wafer (before cleaving) by a chemically-assisted ion-beam-etch
The etched facets are formed on-wafer (before cleaving) by a chemically-assisted ion-beam-etch
(CAIBE) process. After structuring of the waveguides, a SiNx hard mask is deposited over the whole
(CAIBE) process. After structuring of the waveguides, a SiNx hard mask is deposited over the whole
wafer. Then, the opening for the etching of the facet is defined by lithography followed by selective
wafer. Then, the opening for the etching of the facet is defined by lithography followed by selective
etching of the SiNx mask in a reactive-ion etcher. Afterwards, the photoresist was removed and a
etching of the SiNx mask in a reactive-ion etcher. Afterwards, the photoresist was removed and a
chlorine-assisted Ar IBE process was used to etch the InP down to ~9 µm. Then, an anti-reflection
chlorine-assisted Ar IBE process was used to etch the InP down to ~9 µm. Then, an anti-reflection
(AR) coating was applied on the sidewalls of the etched facets over the whole wafer using a SiNx
layer deposited on a plasma-enhanced CVD.
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(AR) coating was applied on the sidewalls of the etched facets over the whole wafer using a SiNx layer
deposited on a plasma-enhanced CVD.
3.2. Grating Couplers on InP Technology
Vertical coupling schemes are attractive because they enable deployment in free-space-optic
applications, but also they enable on-wafer processing, characterization and testing, and vertical
optical in/out coupling virtually at any site on the PIC chip without the need for prior chip cleaving
and coating procedures. In silicon photonics, vertical grating couplers represent an established IO
interface, however this is not yet the case for InP PICs, mainly due to the fact that compact grating
couplers for coupling to an SMF are not possible because of the low index contrast waveguides. On the
other hand, for hybrid integration employing surface-coupling approaches, there is no limitation on
coupling to SMFs, and it is actually an advantage to have larger mode sizes with larger alignment
tolerances. In addition, grating couplers can be designed to generate collimated beams with very
low beam divergences, which means that the InP PIC and the interconnect PIC can be much farther
apart without introducing a significant penalty to the coupling loss. The drawbacks of using grating
couplers to couple light from the InP PIC to an interconnect PIC (as opposed to the other two coupling
approaches described in this section) is that they are polarization- and wavelength dependent, which
is an issue that PIC designers should take into account. An example of the utilization of InP grating
couplers to realize a 2D beamsteering PIC is described in a previous study [31].
Figure 9 shows our implementation of grating couplers into the generic-foundry fabrication
process for maximum coupling of the light through the bottom side of the PIC. This implementation
does not require any change to the generic-foundry process, because such gratings can be implemented
by using 2nd-order Bragg gratings (instead of 1st-order) in the Bragg Grating BB already available
on the generic-foundry process. In the implementation shown in Figure 9, the light is coupled to the
grating coupler, and the grating coupler starts emitting light to both the InP substrate and the InP top
cladding in equal powers. On top of the InP cladding, a highly-reflective coating is added to redirect
this light towards the bottom. If the top cladding has the correct thickness, then the light coming
from the top cladding will interfere constructively with the light that was directly guided downwards.
The coupling coefficient of the Bragg gratings currently offered on the foundry platform (for instance,
on the first-order gratings on the DBR lasers) is around 80 cm−1 , which results in a grating length of
around 300 µm for 100% reflection. Considering the fact that the gratings on gratings couplers are
second-order gratings (i.e., twice the first-order grating period) with the same coupling coefficient, this
would result in a grating coupler length of 600 µm, and therefore, a mode size of 600 µm coming out of
the grating coupler along the propagation direction. We believe that this length is too large for most
practical free-space applications, and therefore in order to shorten the grating coupler length, we have
increased the grating depth from 30 nm to 150 nm to increase the coupling coefficient of the gratings
on the grating couplers (to reduce the grating coupler length from 600 µm to 200–300 µm).

coefficient, this would result in a grating coupler length of 600 µm, and therefore, a mode size of 600
µm coming out of the grating coupler along the propagation direction. We believe that this length is
too large for most practical free-space applications, and therefore in order to shorten the grating
coupler length, we have increased the grating depth from 30 nm to 150 nm to increase the coupling
coefficient of the gratings on the grating couplers (to reduce the grating coupler length from 600
µm
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Figure 9.9.Schematic
showing an
implementation
of grating couplers
the generic-foundry-service
generic-foundry-service process.
process.

3.3. Vertical Mirrors
An alternative surface-coupling approach is based on vertical mirrors, which are etched through
the waveguides to divert the light upward or downward from the PIC. For the generic platform, we
transfer the process from our commercial device that employs such vertical mirrors, which is the
so-called horizontal-cavity surface-emitting laser (HCSEL) that consists of a conventional InP DFB laser
with a vertical mirror etched at the end [32]. For this commercial device, we are able to couple 10 mW
of output power at 100 mA of applied current at the top of the vertical mirror, where around 20 mW
are expected in conventional DFB lasers with a cleaved facet. This 3 dB loss for the vertical-mirror
etch is roughly the same as the loss for the etched facets described earlier, which is not surprising
considering the fact that the etching process and tool (CAIBE) is the same except for the etching angle.
Again, here it is expected that these losses caused by the roughness of the etching will not be so high for
vertical mirrors etched into the diluted waveguide with the larger mode size. Figure 10a,b show our
implementation of these vertical mirrors for the generic-foundry platform. Similar to the etched facets,
the vertical mirrors are etched in a CAIBE tool by sloping the InP PIC with respect to the ion beam in the
CAIBE. Simultaneously, another oppositely sloped 45◦ mirror is created, which reflects the laser light
downwards into the substrate (Figure 10b). An additional advantage of these mirrors is that the optical
coatings can be applied simultaneously over the whole wafer before cleaving. Vertical mirrors provide
high efficiency and virtually wavelength and polarization-independent coupling, but it requires an
additional processing step on our generic-foundry process. The fact that the generic-foundry process
offers SSC BB with a large mode size (10 × 7 µm2 ) and small beam divergence, is advantageous for
this coupling approach, as the light typically needs to travel some distance before reaching the SMF.
A similar laser device employing vertical mirrors is the so-called lens-integrated surface emitting laser
(LISEL), combining a laser, a vertical mirror, and an integrated collimating lens [33,34].
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Figure 10. Schematic showing the implementation of vertical mirrors on the generic-foundry-service
Figure 10. Schematic showing the implementation of vertical mirrors on the generic-foundry-service
process for coupling light upward (a), and downward (b).
process for coupling light upward (a), and downward (b).

4. Conclusions
4. Conclusions
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avalanche photodiodes for the detection of multi-level-format signals with a higher
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than
composed
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avalanche
photodiodes
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detection
of
multi-level-format
signals
with
a
higher
achievable with balanced detectors based on conventional pin photodiodes. Those APD structures
sensitivity
than achievable
withinto
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can
be seamlessly
incorporated
HHI’sdetectors
PIC platform
modifyingpin
thephotodiodes.
epitaxial PD Those
layer
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PIC
platform
just
by
modifying
the
structure. The balanced APD showed a bandwidth of more than 17 GHz, and can be used for detecting
epitaxial
PD
layer
structure.
The
balanced
APD
showed
a
bandwidth
of
more
than
17
GHz,
and
can
multi-level optical signals at 28 Gb/s.
be used
for detecting
optical
signals at
Gb/s. integration of InP PICs from our generic
We have
devised multi-level
three concepts
to facilitate
the28hybrid
We
have
devised
three
concepts
to
facilitate
the
hybrid
integration
of InP PICs
fromonly
our generic
foundry platform to PICs from other technology platforms.
These concepts
require
minor
foundry
platform
to
PICs
from
other
technology
platforms.
These
concepts
require
only
modifications to the fabrication process, and all the other devices can still be realized with minor
these
modifications
to
the
fabrication
process,
and
all
the
other
devices
can
still
be
realized
with
these
modifications. The modifications that we are transferring are the following. First, introduction
of
modifications. The modifications that we are transferring are the following. First, introduction of
waveguide terminations through etched facets instead of cleaved facets, which allows PIC designers
to reduce the back reflections into the PIC and simultaneously control the angle of the output light.
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waveguide terminations through etched facets instead of cleaved facets, which allows PIC designers
to reduce the back reflections into the PIC and simultaneously control the angle of the output light.
Second, addition of grating couplers to the PDK of the generic-foundry platform, which allows PIC
designers to design grating coupler structures for coupling light out of the PIC through the surface.
Third, introduction of vertical mirrors, which can alternatively be used to couple light out of the PIC
through the top- or bottom surface of the PIC. We believe that these additional input/output interfacing
options will prove useful in this era, where hybridization of PICs is becoming very important for
datacenter- and optical-interconnect applications.
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