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Abstract: Photonic integration in a thin InP membrane can offer optical antennas and
interferometers monolithically integrated with lasers and detectors. Such approach, with
high density and scalability, has shown high potential for applications of free-space sensing
and communications. © 2019 The Author(s)
OCIS codes: 130.0130, 140.5960, 250.5300, 280.4788, 060.2605.

1. Introduction

The photonic integrated circuits (PICs) bring the benefit of high performance in compact size to sensing and com-
munciations [1]. The ability to generate highly concentrated and controllable optical free-space beams within the
PIC is regarded as a key to various applications, such as the light detection and ranging (LiDAR) [2], optical wire-
less communication (OWC) [3] and handheld medical imaging systems [4]. The InP membrane on silicon (IMOS)
platform [5] has recently shown high potential in such free-space applications. It combines high-performance
actives, grating antennas and interferometry in a monolithic InP membrane layer, providing a versatile tool for
constructing scalable, steerable and miniaturized optical wireless transceivers and sensors. In this contribution we
discuss the recent demonstrations in the IMOS platform for free-space applications.

2. IMOS Integrated Photonics

The IMOS platform consists of a micron-thick membrane made from InP material system. The membrane is
bonded onto a silicon carrier wafer with about 2 µm thick optical buffer layer in between. All active and passive
photonic functionalities are realized within this membrane layer. The active-passive integration is achieved with a
twin-guide structure where active and passive waveguiding layers evanescently couple with each other [6]. Deep
and shallow etching into the passive waveguiding layer create highly confined optical waveguides (400 nm × 300
nm) as well as a series of grating and photonic crystal structures. With possible regrowth technology, additional
functional layers (for instance the uni-travelling carrier (UTC) photodiode layerstack) can be realized. A schematic
illustration of the platform is shown in Fig. 1.

Fig. 1. Schematic illustration of the IMOS integrated photonics platform [6].

The most important element, semiconductor optical amplifier (SOA), has been demonstrated recently with high
gain efficiency [7]. Various laser circuits have been built based on the SOA and were demonstrated, including 25



nm microring-based tunable laser [8] and 60 dB side mode suppression ratio (SMSR) single-frequency distributed
feedback (DFB) laser [9]. UTC photodiode with electrical 3 dB bandwidth beyond 67 GHz has been realized
using a double-sided design and processing scheme [10]. The ultrafast dynamics together with high responsivity
(0.7 A/W) make it attractive for optical wireless and millimeter-wave communications. The passive elements
demonstrated on IMOS platform further enable functional circuitries such as interferometers, wavelength routers,
filters and cavities [5].

3. Recent Demonstrations for Free Space

An OWC receiver circuit consisting of a grating-based optical antenna and an ultrafast UTC photodiode has been
proposed and investigated [11,12]. The fabricated device is shown in Fig. 2(a). The novelty of the proposed circuit
is the separation of the optical interface (by using the grating antenna for the capturing of the free-space beam) and
the signal detection (by using the UTC photodiode for the conversion of the optical signal into electrical domain).
The speed-efficiency bottleneck existing in the conventional top-illuminated photodiodes is eliminated. The circuit
has been experimentally verified in a simulated OWC in-door application scenario, using a 2.4 km optical fiber
for simulating the fiber distribution network in the building and a 2 m free-space path for the distance between
the OWC transmitter on the ceiling and the receiver. The final collimated beam diameter is about 10 µm, which is
chosen to match to the size of the grating antenna used. Transmission experiment using 40 GBit/s on-off keying
(OOK) signal was carried out, showing a lowest bit error rate (BER) of 7×10−10 at optimal wavelength of 1550
nm and beam incident angle of 7.5° with respect to the chip surface normal, as shown in Fig. 2(b). It is the highest
data rate ever reported so far from a single OWC receiver. Further investigation on the operation window revealed
a 3 dB field of view (FoV) of 7.5° and an optical bandwidth of 30 nm.

Fig. 2. (a) Microscope picture of the OWC receiver, with the insets showing detailed pictures of the
grating antenna and the UTC photodiode. (b) The BER as function of the wavelength and the beam
incident angle. [12].

The efficiency of the optical interface (the grating antenna) is crucial to the overall circuit performance. High
efficiency of the free-space beam capturing will be beneficial to the total power budget of the OWC link, therefore
making the device more sensitive and reliable. Design efforts have been made to improve the grating coupling ef-
ficiency. It is found out that a metal reflector underneath the grating will significantly enhance the efficiency, since
the metal layer will force all the downward-diffracted light back to the upward direction without introducing much
additional loss. An efficiency of 75 % has been demonstrated recently on IMOS platform using this concept [13],
while for conventional gratings the efficiency is only around 30 %.

4. Conclusion

Recent advancement of active and passive devices in the IMOS platform has enabled novel circuits for free-space
optical communications. The first demonstration of an OWC receiver on IMOS has already shown appealing
performance and has achieved records. The monolithic laser/photodiode integration with grating antennas and
other passive circuitries can be well suited for a wide range of free-space communication and sensing applications.
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