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Silicon photonics offer large bandwidths and low-loss delay, while integrated electronics can provide gain and

complex signal processing with much lower overhead. Here, we will discuss a few examples of such hybrid
solutions to demonstrate the potential of a more holistic approach to silicon integrated systems.

Photonic integrated circuits are going through a rapid development phase similar to that experienced by electronic
integrated circuits in the 1970s when rapidly improving yields allowed for integration of much more complex
systems on a single die leading the VLSI revolution that changed the world around us. Despite this similarity,
integrated silicon photonics and electronics have different strengths and weakness. For instance, integrated
electronics provide tremendous amount of analog and digital signal process and conditioning at minimal marginal
cost and produce a lot of gain and nonlinearity even at low power levels, while silicon photonics offers low-loss
broadband delay, much larger bandwidths, and smaller operation dimensions due to much smaller wavelength. The
natural consequence of these complementary features is a hybrid photonic-electronic family of solutions that will
deliver more than some of the parts. Here, we briefly describe three such examples that elucidate this point. All three
were implemented in IME silicon photonics platform with a 220nm silicon layer on a 2um buried oxide with an
epitaxially grown germanium layer for photo-diodes.

The first example is a self-equalizing photo detector (SEPD) that uses a hybrid electronic-photonic solution to
compensate for bandwidth limitations of the electro-optical link (Fig. 1). Traditionally, equalization is either done in
purely electrical domain, where noise and bandwidth limitations of the active electrical components and delay
elements can lead to power consumption challenges, or in purely optical fashion, where it can only operate at exact
optical carrier wavelengths and is quite sensitive to the wavelength. Fig. 1a and b show the system block diagram of
the hybrid SEFD [1], where the delay elements and equalization coefficients are implemented in the optical domain,
while the addition and subtractions are done in electrical domain utilizing dual-input photo diodes (DIPD) and a
current summing node, which eliminates the wavelength dependence of the summation. This approach does not
introduce additional power consumption and can be used to enhance bandwidth, eye opening, and thereby the BER
of the received signal independent of the wavelength, as shown in Fig. 1c and d.
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Figure 1. a) Hybrid electro-optical equalizer concept, b) implementation of hybrid self-equalizing photo-detector, ¢) improved bandwidth from 1.8GHz to 6GHz due
to SEFD, d) performance comparison of a 12.5Gbps link with SEPD and a 35GHz PD at 12.5Gbps with a BW limited modulator [1].

The second example is a rapidly steerable optical phased array (OPA), shown in Fig. 2 [2]. Phased arrays have been
used extensively in electronic systems and the ability to integrate a large number of radiating elements offers
interesting opportunities in integrated photonics for projection, routing, and optical packet switching. Rapid high
speed scanning is important for applications such as a lens-free image projection and packet switching. For this
reason, instead of using thermally tuned delay elements, the rapidly-steerable OPA uses PN junctions for controlling
the phase and amplitude of the radiated signal from each of the 4x4 array elements, as shown in Fig. 2a and b. The
projected spot at 1550nm can be successfully steered up and down as well as left and right in close agreement with
the simulation results, as shown in Fig. 3c. To demonstrate the rapid beam scanning capability of this OPA, various



images were vector scanned in real time (e.g., examples in Fig. 2d). The exact operation voltages for the PN junction
phase and amplitude controllers were calculated and generated using a high-speed electronic system to compensate
for the phase-dependent loss of the PN junction diodes.

a) b) ) d)
Figure 2. a) Block diagram of the rapidly steerable 4x4 OPA, b) die micrograph of the 4x4 OPA, c) Vertical and horizontal movement of the spot at 1550nm
(simulation vs. measurement), d) Real-time projected “happy” and “sad” faces at 1550nm using the OPA [2].

The last example is a silicon nanophotonic coherent imager (NCI) that uses interferometry and chirp radar principle
to capture 3D profile of objects from a distance and detect very small index variations in a multi-pixel array thus
enabling a very precise 3D camera [3]. An electronically generated chirp is used to modulate the optical output to
obtain the distant information for each point on the target object (Fig. 3a). The output of each element of a 4x4 array
of grating couples is combined with a fraction of the reference laser and down-converted using a dedicated photo-
detector on a silicon photonic chip (Fig. 3b). The frequency difference of the received and reference signal is
converted to an electronic RF signal, which contains the course and fine depth or index contrast information and is
processed by dedicated electronics to capture the information. In the reflective mode setting (Fig. 3c), the object is
illuminated using the same laser source and an image is formed on the surface of the chip using a lens. Although this
proof-of-concept array has only 16 elements, it can emulate a larger array with the same architecture by moving the
imager in x- or y-direction in the image plane by 4 pixel pitches at a time. Using this setup, the surface profile of a
penny has been imaged from a distance of 0.5m with an average depth resolution of 15um (Fig. 3d).
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Figure 3. a) Functional architecture of the nanophotonics coherent imager (NCI), b) die micrograph of the NCI, ¢) 3D imaging using NCI in the reflective mode,
d) Plot of the measured topography of the penny obtained from a distance of 0.5m [3].
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