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Context

The constant growth in the demand for embedded static converters with high power density and
high efficiency requires the development of new design approaches. Operating at higher frequencies
(over  1  MHz)  while  reducing  power  losses  are  the  key  solutions  to  improve  efficiency  and
miniaturize power converters. The advantages of Gallium nitride (GaN) power transistors in terms of
electron mobility  and intrinsic capacitances  make them the ideal  candidates for High Frequency
(HF) power conversion [1]. Recent works have highlighted the benefits brought by GaN devices in
designing  efficient  and  compact  power  converters  for  various  applications  in  domains  such  as
automotive, aeronautics, servers… [2]-[5].

Although GaN transistors have attractive characteristics for high frequency power conversion,
their switching times in the range of nanosecond causes high overvoltage and ringings due to the
structural elements of the switching cells. In order to avoid a dual impact on efficiency and cooling
systems of the power devices, it is necessary to reduce at its minimum the switching loop structural
inductance. To achieve this goal, Printed Circuit Board (PCB) embedded power converters based on
Electronic Design Automation (EDA) techniques have emerged these last years [6]. 

When  designing  power  converters  on  PCB  using  bottom-side  cooled  GaN  transistors,  their
thermal management can be easily improved by designing thermal vias through the FR4 substrate
and optimizing their layout [7]. This method has been widely used for the PCB integration of dies
[8],  [9].  The  recent  improvements  in  GaN  transistors  packaging  allow  to  consider  applying
equivalent design methods for the integration of packaged power devices in PCB assemblies. Also, it
has been demonstrated that  vertical  switching loops can consequently reduce  the total  structural
inductance by limiting the loop area and canceling a part of the magnetic flux [10], [11]. These
results lead to lower power losses and lower Electromagnetic Interferences (EMI). However, authors
in [10] have highlighted that the design of a vertical loop and thermal vias were not compatible on a
single PCB.

Objective

In this context, we propose the design of a GaN-based half-bridge converter based on a mutli-
layer PCB assembly. The proposed solution will allow the combination of an optimized switching
loop design with an optimized thermal management for bottom-side cooled GaN transistors. 
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In order to optimize the commutation loop design while offering the best thermal performances
for these devices, it is proposed to separate electrical and thermal paths by achieving the multi-layer
PCB assembly as shown in Fig. 1 as an example: a vertical switching loop is realized between the
DC-link capacitor located on the top layer and the GaN transistors located on the intermediate layer.
The heat transfer is performed from the bottom side of the GaN transistors packaging (source pad)
to the bottom layer by means of thermal vias. An Aluminium Nitride (AlN) substrate is inserted
between the bottom layer of the assembly and the heat sink to ensure dielectric insulation while
ensuring the best thermal conductivity and spreading the heat on the heat sink area.

Fig. 1: Presentation of a 3-layer design half-bridge (cross-sectional view)

Work steps

Based on the the electrical design of a half bridge converter, this work will start with the design of
the PCB using multiple layers. Electromagnetics simulation will emphasizes the points of attention in
terms of structural inductance and the consequences on the electrical behavior. Thermal simulation
will provide design rules and will confirm the effeciency of the thermal dissipation of the design. 

After electromagnetic and thermal optimization thanks to simulation, the PCB will be fabricated
and experimentally measured. 

Some measurements  could be performed to our parterned lab in Lyon (Fr.),  with Loris Pace
(loris.pace@ec-lyon.fr). 

Keywords
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