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Company Summary
➔ Foli Research is a Berkeley, CA based company working to commercialize
an additive manufacturing technology for precision wirewound devices.
➔ The company is the recipient of an NSF SBIR grant to develop a low-cost
platform implementing this technology and evaluate commercial
applications, including electric motors. The company has also received
ﬁrst revenue selling components for wireless power devices.
➔ Dr. Calisch serves as project PI; this technology grows out of his PhD work
at MIT. He is also a Cyclotron Road fellow at Lawrence Berkeley Lab, and a
contributor at Rewiring America, an electriﬁcation-focused nonproﬁt.
➔ Dr. Murphy, previously senior hardware researcher at Xerox PARC and
materials scientist at ABB, joins the team as a senior mechanical engineer.
➔ Mr. Gilman, previously CEO of Volute, Inc., leads commercialization work.
➔ Mr. Kober joins the team as junior mechanical engineer.
➔ Foli Research maintains close relationships with major industrial players,
including Eaton, Molex, Moog, and NuCurrent, as well as with the venture
capital community, including Breakthrough, Innovation Endeavors, E14,
TDK Ventures, Next47, and others.
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Project Summary
➔ This project aims to produce advanced power electronics for
energy storage systems. Drive for high power and small size has
pushed operating frequencies of these devices ever higher.
➔ Semiconductor advances have enabled higher frequencies, but
magnetic components like inductors and transformers remain
problematic, generating unwanted heat at these frequencies.
➔ Magnetics consist of wound copper wire, packaged with a core
onto a printed circuit board. This process relies on human hands,
introducing imperfections and limits to performance.
➔ This DOE SBIR project aims to produce magnetics in an
automated process, eliminating human errors and enabling high
performance at high frequencies, leading ultimately to denser,
more reliable energy storage systems.
➔ Foli Research’s printing technology is depicted at right, where a
feedstock wire is printed, using a laser to soften a coating during
the high speed deposition process. This wire can be either a
conductor for a winding, or a soft magnetic material for a core,
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allowing full magnetic components to be directly printed.

Project Summary, continued
➔ Because high sintering temperatures are not required (as with ferrites and soft
magnetic composites), this process is compatible with PCB materials (e.g. FR4).
➔ This also enables novel topologies to improve high frequency performance.
➔ Speciﬁcally, interleaving and other techniques from PCB transformer design can
be realized, but with signiﬁcantly higher copper ﬁll. The graph at bottom left
shows simulated resistance ratio for a conventional transformer, one with
interleaving in one dimension, and one with interleaving in two dimensions,
showing that AC resistance can be lowered due to lower prox losses.
➔ Due to higher turn counts, core losses can be lowered, as shown in the right
graph below from simulation. Conductor and core materials can also be
blended, as shown in the images at right.
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Project Progress and Plans
➔ Work to date on the project has focused on two main items.
➔ First, we have adapted our platform to a system that will allow
rapid experimentation with various wire sizes, material
properties, coatings. This system features simpliﬁed printhead
design, larger working area, and higher speed operation. With
development, this platform will allow testing ribbon feedstocks,
as this form is much more common for soft magnetic materials.
➔ Second, we have identiﬁed suppliers of soft magnetic wire, and
have accepted delivery of candidates for testing, demonstrating
that availability in the correct form at <$100/kg. Work
continues to source Ni-Fe alloy and FeCoSiB wires. We have also
begun outreach for manufacturers capable of coating wires, and
have identiﬁed appropriate testing standards.
➔ Next, we will downselect feedstock candidates and evaluate
their use in the platform. We will measure bulk magnetic
properties of prints and incorporate the best-performing
feedstocks into a transformer suitable for use in a dual active
bridge power converter for energy storage system. 5
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