


III. SOFTWARE FRAMEWORK

The framework which is built based on the Python language
consists of various classes representing physical components
of the systems and set of functions to manage routing, cal-
ibrations, and feedback control loops. The framework also
interfaces with the measurement and instrumentation. In the
following, we describe its essential parts and features.

A. Netlists

Netlists represent connectivity between different elements.
The framework includes a master netlist which defines all
the connectivity from the abstract schematic (Fig. 2) to the
DACs/ADCs channels. This netlist is created step by step
during various design cycles of electronic and optical compo-
nents. It should be mentioned that each element in the netlist
(DAC, ADC, phase shifter, ...) is annotated with calibration
data which can be accessed using a look-up table.

B. Process Design Kit (PDK)

To make effective use of the silicon-photonics MEMS
platform an initial process design kit (PDK) have been created
which extends the existing iSiPP50G PDK with the func-
tionality for the new building blocks. This enables circuit-
level design into the extended platform. Design freedom at
the geometric level is intentionally restricted to improve the
reliability and yield of the standard building blocks.

C. Mesh Configuration and Routing Algorithms

The framework also allow us to use various graph-based
libraries to perform automatic routing for different mesh
configurations [3]. Users can either use existing libraries or
add their own libraries. Using standard data structures of
the framework, they can simply extract graph data of the
mesh, call routing algorithms functions, and pass the new
configurations to the mesh. Then, all the parameters at the
different levels from abstract schematic to electronics will be
automatically updated.

D. Circuit Simulations

For the circuit simulations, we interface with the IPKISS
tool set by Luceda Photonics. The circuit simulations are
performed after mesh configuration and defining the mesh
ports, using different abstraction levels at the node (fast and
approximate, using a single model to describe a node) or
the building block (slower but more accurate, where each
component has its scattering model).

E. Feedback loops

For accurate control during the programming stage, feed-
back loops (electronic or in software) are implemented be-
tween the monitor photodiodes and the MEMS actuators.
Such programming can be used to correct imperfect behaviour
from fabrication imperfections, or to redefine the circuit’s
functionality.

Fig. 2. Software layers for controlling and programming a photonic integrated
circuit (PIC). From a single description of the circuit connectivity or the circuit
mesh, users can define a PIC layout implementation, configure the tunable
elements, perform circuit simulations and control the hardware.

F. Visualizations and Layouts

For the visualizations, users can interact with an abstract
mesh schematic (Fig. 2) for various objectives such as check-
ing mesh configuration and finding malfunctioned blocks.
They also can inspect the equivalent graph view of the mesh.
Another, feature of the framework is that users can instantly
convert their mesh schematic to the actual layout of the mesh
for fabrication and then make their own customization.

IV. CONCLUSION

We discussed a software framework for the programmable
photonic chip based on the silicon photonic MEMS platform
and recirculating meshes. The software facilitates chip config-
uration and calibration, provides automatic routing algorithms,
enables various visualizations, support circuit simulations, and,
also, allow for automation of the layout generation.
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