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= Each year, approximately 62 million metric tons of electronic waste are generated, much
of which is not designed for easy recycling. Printed circuit boards (PCBs) alone contribute
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3 to 6 million metric tons, representing 5—10% of this e-waste.
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CH3  Fiberglass ( Non-biodegradable
HO OH I or even harmful element)
. CHs /M 2!

« Advantages

Polylactic acid

n

> « Derived from fermented plant starches

(e.g., sugarcane, cassava).

manufacturing.

(€2/kQ).

* Widely used in food packaging and additive

* Bio-based, biodegradable, and cost-effective

« Evaluate the viability of PLA-IMS: Assess the

Goal

functionality and performance of PLA-based
Insulated metal substrates (IMS) for power
electronics applications.

Demonstrate reliability: Test the durability
and stability of PLA-IMS under
electrothermal stress and cycling conditions

] Methodology

« Manufacturing a printed circuit board

and PLA layers, carefully aligning them to
form the multilayer structure.

« Thermocompression: Apply heat and
pressure to bond the layers together.

« Etching: Remove unwanted copper to form
the electrical circuit.

« Soldering: Solder the components onto the
PCB through a brazing process.
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« Thermocompression conditions

185 °C

Conditions of the
thermocompression

/ Constant applied pressure

30 N/cm?
: Time
1 ! i’
Pre-Heating . Heating 1 Natural Convection cooling
30 min 30 min ' Pressure-free condition

(somme hours)

DSC analysis was performed to assess the
PLA's glass transition (T,), melting temperature
(T,,), and crystallization. These properties
guide the optimal temperature range for
thermocompression, ensuring effective
processing and preserving material integrity.
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/« Layer Assembly: Assemble the copper (Cu) \\
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Layer assembly Thermocompression Multilayer Chemical etching

Soldering of components
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 Mechanical analysis of PLA ' e -

——PLAD l/° The PLA tested as-supplied (PLA-O)\\

| N : is highly elastic, with a break point:

| —  around 40%. However, when

E::: Pl A : thermocompressed, the break point:
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We uses a buck converter,
configuration for converting DC voltage

 Energy performance
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 Accelerated Power Cycling Test (APCT)
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Test bench for an evaluation of the
electrothermal performances DC converter
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« The aluminum plate enhances thermal
dissipation effectively.

« PLA efficiency slightly surpasses FR4,
highlighting its suitability for power
electronics.
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component temperature was observed,
Indicating stability
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J Conclusion

« Validation of PLA-IMS: The study demonstrated that PLA-based insulated metal
substrates (IMS) can achieve performance levels comparable to traditional Epoxy PCBs

for power electronics.

« Thermal stability: After 100 cycles of accelerated power cycling tests, no significant
changes in component temperatures were observed, highlighting the stability and

reliability of the PLA-IMS assembly.
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 Perspectives

« Efficiency improvement: The integration of an aluminum dissipation system contributed .
to slightly better efficiency compared to standard designs, confirming the potential of
PLA-IMS for efficient thermal management in power converters
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« Multilayer substrate: Explore the design and fabrication of a stacked layers using
PLA-based IMS to further demonstrate its scalability and functional versatility.

« Extended cycling tests: Conduct long-term accelerated cycling tests to validate the
durability of PLA-IMS over extended operational lifetimes
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