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1. Introduction  
 
In this paper we present the current state of silicon photonics activities, as they relate to the development of 
chips aimed at high volume applications in the data center and beyond. It is well established that silicon 
photonics can leverage mature CMOS fabrication, design and test infrastructure to achieve high 
reproducibility and uniformity. Accessing these capabilities creates opportunities for scaling rapidly into 
large volume applications.  
In Sec. 2 we analyze the state of the field and show the continuation of exponential scaling in silicon photonics 
[1]. This very rapid evolution shows that silicon photonics circuits are beginning to leverage the high-
complexity afforded by the CMOS processes. 
 
2. Complexity Scaling in Silicon Photonics  
 
Semiconductor fabrication has matured over 50 years to its current advanced state [2]. In the past ten years, 
the silicon photonics community has developed processes that permit the reuse of semiconductor fabrication 
infrastructure to build complex photonic circuits.  Many of the efforts actually use exactly the same facilities 
with which CMOS transistors are routinely built [1].  

One of the key challenges for silicon photonics is in moving as much complexity away from the package and 
into the chip, in order to eliminate package-level complexity and reduce system cost. A second key challenge 
is the desire to use the complete infrastructure which has been developed for electronics – design tools, mask 
making, fabrication, testing and packaging – and repurpose as much of the ecosystem for use in optics as 
possible.  This is especially challenging given that typical volumes for a successful optics product are two to 
three orders of magnitude lower than the volumes for successful CMOS product. A detailed review of the 
state of process integration and device performance across different devices (modulators, lasers, detectors, 
etc.) is beyond the scope of this article. Based on a variety of process integration approaches, all the critical 
components for data communications are now available on a silicon photonics chip, at various performance 
levels and at varying levels of maturity [3].  

One of the unique features of the CMOS ecosystem is that the vast majority of the research work is on design 
of integrated systems-on-chip, using established commercial platforms which are accessible through 
organizations such as MOSIS [4].  While some silicon photonic integration platforms have been proven in 
production [5, 6], these are the exception rather than the rule.  It remains the case that much of the research 
and academic effort focusses on developing novel device technology, rather than leveraging established 
processes to build complex systems-on-chip, though this is beginning to shift [7-11].  
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Fig. 1. The solid-lines are markers of doubling component count in a silicon photonics circuit, every 12 months (red), and 18 months 
(black). The data-points show the real component count on a silicon photonics chip for RF applications (black), and other applications 
(red). This plot includes data points extracted from select publications on silicon photonics systems from 2002-2016. 

Fig. 1 shows that the system level complexity scaling in silicon photonics is bifurcating into two curves. The 
black solid curve represents a doubling of component count every 18 months. The black data-points are a 
selection from published literature, from 2002 to 2016, of silicon photonics circuits operating at high RF 
bandwidth (i.e. transceivers). It is important to note that, together with on-chip complexity, the bandwidth 
per device is also scaling rapidly (10G->25G->50G->…). Therefore, the aggregate performance per chip is 
scaling faster than the complexity alone would indicate. Also in Fig. 1, the red solid curve represents a 
doubling of component count on a silicon photonics circuit every 12 months. The red data-points are a 
selection from published literature of silicon photonics circuits that do not require high-speed RF co-design, 
and which generally do not involve data communications. Such applications include LIDAR, beam forming, 
optical switching, bio-sensing etc.  These systems do not have many of the design limitations associated with 
high-speed RF-optical co-design, and are therefore able to utilize the complexity afforded by CMOS 
fabrication even more aggressively than transceivers. 

We have identified the highest-complexity publications, showing no more than one per year based on the 
same counting metrics used in Ref. [1] to our knowledge, and placed them onto the Fig. 1.  It appears that 
the doubling time for the circuit complexity of high speed transceiver is approximately 18 months, while for 
non-transceiver applications, the circuit complexity doubling time may be every 12 months.  

We invite members of the community who may be aware of publications or chips that we’ve missed to alert 
the lead author so that such data points can be added to the chart in future. 
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