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Cloud Computing Simulation Speeds Run on a Laptop
How Photon Design’s EME revolutionises photonics design

The photonics community has an FDTD problem.

In recent years the Finite Difference Time Domain (FDTD) method has become the go-to
simulation tool for many engineers simulating photonic components. Where once its
requirement for billions of arithmetic operations per simulation was severely limiting, the
method now rides the coattails of the Al-GPU revolution marching toward more tolerable
runtimes. However, these runtimes can be often beaten even without reliance on taxing and
expensive cloud computing by exploring alternative simulation methods.

For decades, Oxford, UK based software vendor Photon Design have pioneered another
simulation method, EigenMode Expansion (EME). There are few implementations of the
EME method near the standard of Photon Design’s software FIMMPROP and, as such, the
industry is littered with costly misconceptions related to simulation accuracy and range of
applications which this paper explores and corrects.

The same results as FDTD — orders of magnitude faster.

When simulating common photonic components, there is no reason why EME and FDTD
simulations should disagree, with both methods being rigorous solutions to Maxwell’s
equations.  Thanks to results from [1] we can directly compare 3D simulations of a
directional coupler demonstrating the startling fact; EME can produce the same results as
FDTD orders of magnitude faster.
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FDTD Convergence Parameter - Cells per wavelength

FDTD Runtimes reported from [1]. Vendor 1 results converged within <5% at 20 cells/ wavelength. Vendor 2 results do not
converge within 5% in these data. Photon Design results converged within <1%. Further analysis found on [2].

What does this mean for your work?

e With a —45 minute runtime, an engineer using FDTD finds they can only run 10
simulations in their working day; this could amount to a few set-up simulations to
test accuracy (such as those shown above) and a handful of results. Sweeping a
single parameter like the directional coupler’s waveguide separation could perhaps
be performed overnight.



e In contrast the engineer using Photon Design’s FIMMPROP EME can run thousands
of simulations in their working day, not only sweeping multiple parameters but also
supporting optimisation algorithms to perfect their design while making progress
with other tasks.

The option of cloud computing services does allow FDTD to reach comparable simulation
times though typically offloading an additional cost to the user renting time on GPU servers
— the environmental impact of which is discussed at great lengths in Al circles. For this
directional coupler we find the energy consumption to be over 200 times that of EME’s
requirement [2].

New — Advancements in EME for Large Scale Simulations
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3D Simulation in MT-FIMMPROP — 30um coupled ring resonators

In 2023, Photon Design expanded the scope of EME’s applications with an expansion
called multi-topology (MT) FIMMPROP [4,5]. Unlike any other EME software, MT-
FIMMPROP natively combines multiple simulation regions to build out larger devices such
as MZls and entire 3D ring resonators. Despite their centimeter lengths/ large bounding
volumes, EME can still simulate these simulations in seconds.

The simulation runtimes for a 12um radius ring resonator structure are also presented in [1]
for the same FDTD vendors. Engineers working on just the CPU version must set aside over
4 hours to complete just one 3D simulation. Vendor 2 writes in their page [3] that “[High-Q
micro-ring resonators] are also among the most expensive devices to model with [vendor
2’s] FDTD”. Those able to afford Vendor 2’'s “expensive” GPU accelerated FDTD
simulations would find a simulation time of just less than 20 minutes.

In comparison, MT-FIMMPROP simulates an even larger 30um radius ring resonator in just
11 seconds.

GPU or not, the inescapable problem for FDTD is scaling.

Even for the relatively small directional coupler, Vendor 2’s FDTD required over 11 trillion
calculations. The FDTD method must define full bounding volume of the geometry with
hundreds of thousands grid points and propagate the field over tens of thousands of time
steps.



Because of this:

e Doubling the length of the directional coupler would make simulation run-times 4

times as long. This slows the engineer running FDTD on a CPU down to just 3

simulations per day.

e Doubling the radius of a ring resonator would make simulation run-times 8 times

as long; even the fastest cloud computing results of [1] would have 1 hour runtimes

per simulation.

In Conclusion

In either of these cases, the
simulation runtimes for an engineer
using Photon Design’s EME would
see little change. To describe
propagation through a device with
EME, the component is split up into
its unique cross sections and modes
solved at each. The number of cross
sections needed to describe a
directional coupler does not change
if its length is doubled, nor if a ring
resonator is doubled in size.

Further, FIMMPROP EME can re-use
the simulation results of regions that
are identical, effectively halving the
computation run-time for the ring
(pictured left) and the directional
coupler discussed previously. No

similar options are available natively
in any FDTD.

Taking runtimes head-to-head with FDTD, the results from [1] show FIMMPROP EME to
produce rigorous results in a fraction of the time even compared to the full force of cloud

computing. The result is not just a less frustrating experience for an engineer but the

opportunity for a much more efficient workflow that gets far more from your working week.
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