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Foreword 
PE: Power Electronics

Power electronics has become the central interface for the control and conditioning of electrical energy at all power levels. 
�+�L�J�K�O�L�J�K�W�H�G�� �E�\�� �W�K�H�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� �F�R�P�S�D�F�W�Q�H�V�V�� �R�I�� �S�R�U�W�D�E�O�H�� �V�\�V�W�H�P�V���� �W�K�L�V�� �G�L�V�F�L�S�O�L�Q�H�� �L�V�� �D�O�V�R�� �V�W�U�R�Q�J�O�\�� �L�Q�Á�X�H�Q�F�H�G�� �E�\�� �W�K�H��

context of energy savings, sustainable and green electronics. The introduction of non-conventional energy sources and 
�V�W�R�U�D�J�H�����W�K�H���Q�H�H�G���I�R�U���H�Y�H�U���L�Q�F�U�H�D�V�L�Q�J���H�O�H�F�W�U�L�F���P�R�E�L�O�L�W�\�����F�R�P�E�L�Q�H�G���Z�L�W�K���W�K�H���Á�H�[�L�E�L�O�L�W�\���D�Q�G���H�I�À�F�L�H�Q�F�\���S�U�R�Y�L�G�H�G���E�\���V�W�D�W�L�F��

�S�R�Z�H�U���F�R�Q�Y�H�U�W�H�U�V���K�D�Y�H���O�H�G���W�R���D���S�U�R�O�L�I�H�U�D�W�L�R�Q���R�I���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���L�Q�G�X�V�W�U�L�D�O���À�H�O�G�V���D�Q�G���F�R�Q�V�X�P�H�U��

�,�Q���W�K�L�V���G�H�P�D�Q�G�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H���G�H�V�L�U�H�G���S�H�U�I�R�U�P�D�Q�F�H���D�U�H���U�H�O�D�W�H�G���W�R���H�Q�H�U�J�\���H�I�À�F�L�H�Q�F�\�����H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F��
standards and miniaturization, the Power Electronics team focused for the last ten years on upstream research 
activities. Among others, this research includes the technological and conceptual aspects, to propose new concepts 
and tools for future conversion systems. Thus, a major effort was made on the power integration, especially the 
�P�R�Q�R�O�L�W�K�L�F���D�Q�G���K�\�E�U�L�G���L�Q�W�H�J�U�D�W�L�R�Q�V���W�R���R�I�I�H�U���U�H�T�X�L�U�H�G���E�U�H�D�N�W�K�U�R�X�J�K�V���L�Q���R�X�U���À�H�O�G�����7�K�L�V���H�I�I�R�U�W���F�R�Q�W�L�Q�X�H�G���L�Q�W�R���W�K�H���M�R�L�Q�W��
/ coupled design approach of power semiconductor devices and their environment, breakthroughs in packaging, 
integrated or optimal cooling systems for power devices, and in the design of generic blocks and towards wide 
band gap devices. In conjunction with this guidance, the team is actively pursuing the development of modeling 
tools, while collaborating with the MAGE team in the view to better meeting the changing needs of design. This 

is of particular interest, especially since packaging and EMC / EMI are challenged by increased switching speeds 
and physical proximity of the new components.

Along with these upstream activities, the team wants to remain close to applications whose needs are driving 
innovation. The actions in this direction (CIFRE PhD funding and agreements, collaborative projects) focused on 

power conversion with a high added value such as uninterruptible power supplies, transportation and contactless 
energy transfer.

To achieve these objectives, the research is organized around three complementary areas:

�‡��Power semiconductor devices and integration: integrated functions, drivers, packaging and thermal management.
�‡��Design of power converters and their valorization: Embedded systems in transportation, Uninterruptible Power Supplies... 
�‡��Electromagnetic modeling and design tools for passive components, systems and EMC.

�7�K�H���R�U�J�D�Q�L�]�D�W�L�R�Q���R�I���W�K�H�V�H���D�U�H�D�V���L�V���W�R���H�Q�V�X�U�H���W�K�H���S�U�R�À�F�L�H�Q�F�\���R�I���Y�D�U�L�R�X�V���D�V�S�H�F�W�V���R�I���D���V�W�D�W�L�F���S�R�Z�H�U���F�R�Q�Y�H�U�W�H�U�����I�U�R�P���W�K�H���F�R�P�S�R�Q�H�Q�W��
to its integration within the thermal and electromagnetic environment. The global system level constraints and control is 
being conducted in collaboration with the SYREL team at G2Elab. This desire to «coupled design» is more essential than 
ever introduced by the strong constraints facing our discipline but also by the advent of the wide band gap devices affecting 
all three research activities. From this perspective then, the team is particularly well positioned in terms of modeling tools 
(InCa, Flux, Cades, GOT) and technological means (CIME-Nanotech, CEA-LETI).
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Thermal management and characterization 
of power semiconductor devices

The heat density dissipated by power semiconductor devices can reach several W.cm-2. Their thermal 
management is therefore an important issue in power electronic systems. Several studies are carried out in 
G2Elab: the improvement of the package by integrating the cooler in the power module or in the chip itself, and 
the improvement of the cooling system. The thermal characterization of power modules in on-line or off-line 
operation is based on adapted characterization methods which are also studied in the lab.

I. Integration of thermal functions in the power 
module
�7�K�H���K�H�D�W���W�U�D�Q�V�I�H�U�V���L�Q���D���S�R�Z�H�U���P�R�G�X�O�H���F�D�Q���E�H���D�I�I�H�F�W�H�G���E�\��

�P�R�G�L�I�\�L�Q�J���G�L�I�I�H�U�H�Q�W���H�O�H�P�H�Q�W�V��

�‡���W�K�H���W�K�H�U�P�D�O���L�Q�W�H�U�I�D�F�H�V���E�H�W�Z�H�H�Q���W�K�H���G�L�H�V���D�Q�G���W�K�H��

�F�R�R�O�L�Q�J���I�O�X�L�G��

�‡���W�K�H���K�H�D�W���V�S�U�H�D�G�L�Q�J���P�D�W�H�U�L�D�O���W�R���L�Q�F�U�H�D�V�H���W�K�H���H�[�F�K�D�Q�J�H��

�V�X�U�I�D�F�H��

�6�H�Y�H�U�D�O���V�W�X�G�L�H�V���G�H�D�O�L�Q�J���Z�L�W�K���W�K�H�V�H���W�R�S�L�F�V���Z�H�U�H���F�D�U�U�L�H�G��

�R�X�W���L�Q���W�K�H���S�D�V�W�����)�R�U���H�[�D�P�S�O�H�����Z�H���K�D�Y�H���U�H�D�O�L�]�H�G���D�Q�G��

�F�K�D�U�D�F�W�H�U�L�]�H�G���S�R�Z�H�U���F�K�L�S�V���L�Q�W�H�J�U�D�W�L�Q�J���F�R�R�O�L�Q�J���F�K�D�Q�Q�H�O�V��

�L�Q���W�K�H�L�U���V�W�U�X�F�W�X�U�H�����I�L�J�X�U�H�����������:�H���D�O�V�R���V�W�X�G�L�H�G���W�K�H�U�P�D�O��

�V�S�U�H�D�G�H�U�V���E�D�V�H�G���R�Q���W�K�H���I�O�R�Z���R�I���D���P�H�W�D�O���O�L�T�X�L�G���L�Q���W�K�H��

�S�R�Z�H�U���H�O�H�F�W�U�R�Q�L�F�V���V�X�E�V�W�U�D�W�H��

II. Cooling systems
�7�K�H���S�R�Z�H�U���H�O�H�F�W�U�R�Q�L�F�V���W�H�D�P���L�V���L�Q�W�H�U�H�V�W�H�G���L�Q���W�K�H���X�V�H��

�R�I���Q�R�Q���F�R�Q�Y�H�Q�W�L�R�Q�D�O���I�O�X�L�G�V�����7�K�H���P�D�L�Q���R�E�M�H�F�W�L�Y�H���L�V��

�W�R���S�U�R�S�R�V�H���Q�H�Z���F�R�R�O�L�Q�J���V�R�O�X�W�L�R�Q�V���W�R���L�P�S�U�R�Y�H���W�K�H��

�F�R�Q�Y�H�F�W�L�Y�H���K�H�D�W���W�U�D�Q�V�I�H�U���F�R�H�I�I�L�F�L�H�Q�W���D�Q�G���W�R���U�H�P�R�Y�H���W�K�H��

�P�H�F�K�D�Q�L�F�D�O���S�X�P�S���Z�K�H�Q���L�W���L�V���S�R�V�V�L�E�O�H�����7�K�H���L�Q�W�H�U�H�V�W���R�I��

�W�K�H���O�D�W�W�H�U���S�R�L�Q�W���L�V���W�R���L�P�S�U�R�Y�H���W�K�H���U�H�O�L�D�E�L�O�L�W�\���R�I���F�R�R�O�L�Q�J��

�H�T�X�L�S�P�H�Q�W�V��

�,�Q���W�K�H���S�D�V�W�����V�W�X�G�L�H�V���K�D�Y�H���E�H�H�Q���F�D�U�U�L�H�G���R�X�W���R�Q���W�K�H���X�V�H��

�R�I���O�L�T�X�L�G���P�H�W�D�O�V�����7�R�G�D�\�����R�X�U���Z�R�U�N���G�H�D�O�V���Z�L�W�K���W�K�H���W�K�H�U�P�D�O��

�F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���I�H�U�U�R�I�O�X�L�G�V���X�Q�G�H�U���P�D�J�Q�H�W�L�F���I�L�H�O�G��

���I�L�J�X�U�H��������

III. Thermal characterization
�7�K�H���W�K�H�U�P�D�O���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���S�R�Z�H�U���V�H�P�L�F�R�Q�G�X�F�W�R�U��

�G�H�Y�L�F�H�V���D�Q�G���R�I���W�K�H�L�U���F�R�R�O�L�Q�J���V�\�V�W�H�P���Q�H�F�H�V�V�L�W�D�W�H�V���W�K�H��

�N�Q�R�Z�O�H�G�J�H���R�I���W�K�H���M�X�Q�F�W�L�R�Q���W�H�P�S�H�U�D�W�X�U�H�����,�W���D�O�O�R�Z�V���I�R�U���W�K�H��

�P�H�D�V�X�U�H�P�H�Q�W���R�I���W�K�H���W�K�H�U�P�D�O���U�H�V�L�V�W�D�Q�F�H���L�P�S�H�G�D�Q�F�H���L�Q���R�I�I��

�O�L�Q�H���F�R�Q�G�L�W�L�R�Q�V�����7�K�H���O�D�E�R�U�D�W�R�U�\���Z�R�U�N�V���R�Q���W�K�H���H�O�D�E�R�U�D�W�L�R�Q��

�R�I���Q�H�Z���W�K�H�U�P�R���V�H�Q�V�L�W�L�Y�H���H�O�H�F�W�U�L�F�D�O���S�D�U�D�P�H�W�H�U�V���D�Q�G���U�H�D�O�L�]�H�V��

�W�K�H�U�P�D�O���V�H�Q�V�R�U�V���G�L�U�H�F�W�O�\���L�Q�W�H�J�U�D�W�H�G���L�Q���W�K�H���F�K�L�S�����I�L�J�X�U�H�����������7�K�H�V�H��

�Z�R�U�N�V���D�U�H���P�D�G�H���L�Q���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���,�)�6�7�7�$�5���/�7�1��

�)�L�J�X�U�H���������,�Q�W�H�J�U�D�W�L�R�Q���R�I���F�R�R�O�L�Q�J��
�F�K�D�Q�Q�H�O�V���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�K�H���3�1��
�M�X�Q�F�W�L�R�Q���L�Q���D���S�R�Z�H�U���F�K�L�S

�)�L�J�X�U�H���������,�P�S�U�R�Y�H�P�H�Q�W��
�R�I���W�K�H���F�R�Q�Y�H�F�W�L�Y�H���K�H�D�W��
�W�U�D�Q�V�I�H�U���F�R�H�I�À�F�L�H�Q�W���L�Q���D��
�V�T�X�D�U�H���G�X�F�W�����,�Q�Á�X�H�Q�F�H��
�R�I���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�K�H��
�P�D�J�Q�H�W�L�F���Á�X�L�G��

�)�L�J�X�U�H���������7�K�H�U�P�D�O���V�H�Q�V�R�U���L�Q�W�H�J�U�D�W�H�G��
�R�Q���W�K�H���V�X�U�I�D�F�H���R�I���D���S�R�Z�H�U���G�L�R�G�H

CONTACT�V
Yvan Avenas
�<�Y�D�Q���$�Y�H�Q�D�V�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Jean-Christophe Crébier
�-�H�D�Q���&�K�U�L�V�W�R�S�K�H���&�U�H�E�L�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U
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���(�0���+���,�����'�����.�-�(�'�(�&�(�.�,�>�������_���"���'�-�����'�����/���+�,���-�"�%����
power switch?

Although many efforts are currently focused on improving the intrinsic performances of the power 
semiconductor devices, it remains essential to ensure that this performance will be guaranteed once 
the components are placed in their environments (thermal, electromagnetic). While considering all the 
elements necessary for the power switch function, the functional integration offers efficient, versatile and 
easily controlled power switches. This generic approach allows using larger scale fabrication techniques.

�+�H�W�H�U�R�J�H�Q�H�R�X�V���I�X�Q�F�W�L�R�Q�D�O���L�Q�W�H�J�U�D�W�L�R�Q���W�D�N�L�Q�J���D�G�Y�D�Q�W�D�J�H���R�I��

�H�D�F�K���W�H�F�K�Q�R�O�R�J�\���L�V���D���S�U�R�P�L�V�L�Q�J���D�S�S�U�R�D�F�K���I�R�U���L�P�S�U�R�Y�L�Q�J��

�U�H�O�L�D�E�L�O�L�W�\�����F�R�V�W���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H�V�����,�W���L�V���E�D�V�H�G���R�Q���D���M�R�L�Q�W��

�G�H�V�L�J�Q���D�S�S�U�R�D�F�K���R�I���W�K�H���S�R�Z�H�U���G�H�Y�L�F�H���D�Q�G���L�W�V���H�O�H�F�W�U�R�Q�L�F���D�Q�G��

�S�K�\�V�L�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�V���I�R�U���H�[�D�P�S�O�H���D���&�0�2�6���G�U�L�Y�H�U���D�Q�G���D��

�9�0�2�6���S�R�Z�H�U���V�Z�L�W�F�K���D�V�V�R�F�L�D�W�H�G���R�Q�H���R�Q���W�R�S���R�I���W�K�H���R�W�K�H�U�����%�R�W�K��

�F�R�P�S�R�Q�H�Q�W�V���V�K�D�U�H���H�O�H�F�W�U�L�F�D�O���L�Q�W�H�U�F�R�Q�Q�H�F�W�L�R�Q�V���D�Q�G���U�H�T�X�L�U�H�G��

�I�X�Q�F�W�L�R�Q�V�����7�K�H���9�0�2�6���E�D�V�H�G���S�R�Z�H�U���G�H�Y�L�F�H���P�R�Q�R�O�L�W�K�L�F�D�O�O�\��

�L�Q�W�H�J�U�D�W�H�V���V�H�Y�H�U�D�O���U�H�T�X�L�U�H�G���I�X�Q�F�W�L�R�Q�V���I�R�U���D���V�H�O�I���V�X�S�S�O�\��

�R�S�H�U�D�W�L�R�Q���R�I���W�K�H���F�R�Q�W�U�R�O���F�K�L�S�����2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����W�K�H���&�0�2�6��

�F�K�L�S���L�Q�W�H�J�U�D�W�H�V���D�O�O���W�K�H���I�X�Q�F�W�L�R�Q�V���I�R�U���F�R�Q�W�U�R�O�O�L�Q�J���W�K�H���S�R�Z�H�U��

�F�R�P�S�R�Q�H�Q�W�����7�K�H���H�O�H�F�W�U�L�F�D�O���L�V�R�O�D�W�L�R�Q���L�V���S�U�R�Y�L�G�H�G���E�\���D���F�R�U�H�O�H�V�V��

�W�U�D�Q�V�I�R�U�P�H�U���D�O�O�R�Z�L�Q�J���L�V�R�O�D�W�L�R�Q���O�H�Y�H�O�V���D�V���K�L�J�K���D�V�����������9����

�7�K�L�V���D�V�V�R�F�L�D�W�L�R�Q���L�Q���D���6�\�V�W�H�P���,�Q���3�D�F�N�D�J�H���D�V�V�H�P�E�O�\���D�O�O�R�Z�V��

�R�S�W�L�P�D�O���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���D�X�W�R�Q�R�P�R�X�V���S�R�Z�H�U���V�Z�L�W�F�K����

�U�H�J�D�U�G�O�H�V�V���R�I���W�K�H���W�\�S�H���R�I���W�U�D�Q�V�L�V�W�R�U�����+�L�J�K���6�L�G�H�������/�R�Z���6�L�G�H����

�D�Q�G���I�R�U���V�Z�L�W�F�K�L�Q�J���I�U�H�T�X�H�Q�F�L�H�V���X�S���W�R���������N�+�]�����2�W�K�H�U���I�H�D�W�X�U�H�V��

�D�U�H���D�O�V�R���L�Q�W�H�J�U�D�W�H�G�����D�O�O�R�Z�L�Q�J���D�S�S�U�R�S�U�L�D�W�H���P�D�Q�D�J�H�P�H�Q�W���R�I��

�W�K�H���V�Z�L�W�F�K���������V�W�D�W�H���E�L�S�R�O�D�U���J�D�W�H���G�U�L�Y�L�Q�J�����D�Q�G���F�R�P�S�O�H�W�H���V�H�O�I��

�V�X�S�S�O�L�H�G���R�S�H�U�D�W�L�R�Q�����H�I�I�L�F�L�H�Q�W���H�Q�H�U�J�\���K�D�U�Y�H�V�W�L�Q�J���G�X�U�L�Q�J���W�K�H��

�S�R�Z�H�U���G�H�Y�L�F�H�·�V���2�I�I���D�Q�G���2�Q���V�W�D�W�H�V����

Control 
circuits

300mW 
gate driver

Bumps on 
power pads

Magnetic isolation with 
coreless transformer

2,5 mm

�‡  Approach and main results �‡  What’s next?

�(�[�H�P�S�O�H���R�I���D���G�H�G�L�F�D�W�H�G���&�0�2�6���G�U�L�Y�H�U��
�L�Q�F�O�X�G�L�Q�J���J�D�W�H���V�L�J�Q�D�O���L�Q�V�X�O�D�W�L�R�Q�����G�U�L��
�Y�H�U���V�H�O�I���V�X�S�S�O�\���D�Q�G���S�R�Z�H�U���J�D�W�H���F�K�D�U�J�H��
�F�R�Q�W�U�R�O

�(�Q�H�U�J�\���V�W�R�U�D�J�H���G�X�U�L�Q�J���S�R�Z�H�U��
�G�H�Y�L�F�H���V�Z�L�W�F�K�L�Q�J���W�U�D�Q�V�L�W�L�R�Q�V

CONTACTS��
Jean Christophe Crebier
Jean-Christophe.crebier@g2elab.grenoble-inp.fr

Nicolas Rouger 
�1�L�F�R�O�D�V���5�R�X�J�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�&�R�X�S�O�H�G���G�H�V�L�J�Q���D�S�S�U�R�D�F�K�����G�H�G�L�F�D�W�H�G��
�&�0�2�6���G�U�L�Y�H�U���D�E�R�Y�H���W�K�H���Y�H�U�W�L�F�D�O���S�R�Z�H�U��
�V�Z�L�W�F�K

FURTHER READING

L.T. Le, JC. Crebier, N. Rouger,
«CMOS Integrated Optical Isolator for Power 
Transistor Gate Driver», IEEE IECON 2014, Dallas 
USA - Oct Nov 2014.

D. To, N. Rouger, J-D. Arnould, N.Corrao, Y. Lembeye, 
�ª�0�R�G�H�O�L�Q�J���D�Q�G���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I�������������Ì�P��
CMOS coreless transformer for gate drivers», IEEE 
ISPSD 2014. Hawaii, USA, June 2014.

�7�K�L�V���L�Q�W�H�J�U�D�W�L�R�Q���H�I�I�R�U�W���L�V���W�R���E�H���D�S�S�O�L�H�G��

�D�Q�G���W�U�D�Q�V�I�H�U�U�H�G���W�R���W�K�H���Q�H�Z���S�O�D�W�I�R�U�P�V��

�R�I���S�R�Z�H�U���F�R�P�S�R�Q�H�Q�W�V�����P�R�V�W�O�\���6�L�&����

�*�D�1�����D�Q�G���S�R�V�V�L�E�O�\���G�L�D�P�R�Q�G�������7�K�H��

�L�Q�W�H�J�U�D�W�L�R�Q���R�I���W�K�H���J�D�O�Y�D�Q�L�F���L�V�R�O�D�W�L�R�Q��

�V�W�D�J�H���F�D�Q���D�G�Y�D�Q�W�D�J�H�R�X�V�O�\���E�H��

�I�R�U�P�H�G���E�\���G�L�H�O�H�F�W�U�L�F�����Z�L�U�H�O�H�V�V���R�U��

�R�S�W�L�F�D�O���F�R�X�S�O�L�Q�J�����7�K�H�V�H���V�R�O�X�W�L�R�Q�V��

�D�U�H���G�H�Y�H�O�R�S�H�G���Z�L�W�K�L�Q���R�X�U���J�U�R�X�S����

�7�K�H�V�H���Q�H�Z���L�Q�W�H�J�U�D�W�H�G���I�H�D�W�X�U�H�V���D�Q�G��

�S�R�Z�H�U���V�Z�L�W�F�K�H�V���D�U�H���D�O�V�R���D�S�S�O�L�H�G���W�R��

�Q�H�Z���V�W�U�X�F�W�X�U�H�V���I�R�U���W�K�H���F�R�Q�Y�H�U�V�L�R�Q���R�I��

�H�O�H�F�W�U�L�F�D�O���H�Q�H�U�J�\��
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passive components
Thales society launched a project called MACOMAC HF (MAgnétique Cofrittés Multicouches pour l’Alimentation 
Compacte Haut Fréquence – Cofired multilayer magnetic components for compact high frequency power supplies) 
in which LGEP electrical engineering lab at Paris and G2Elab are attempted to achieve the development of a high 
frequency – high power density isolated converter dedicated to the study of LTCC technique (Low Temperature 
Cofired Ceramics).

�7�K�H���D�L�P���R�I���W�K�H���0�$�&�2�0�$�&���S�U�R�M�H�F�W���Z�D�V���W�R���H�Y�D�O�X�D�W�H���F�R�I�L�U�H�G��

�W�H�F�K�Q�R�O�R�J�\���L�Q���R�U�G�H�U���W�R���U�H�D�O�L�]�H���P�X�O�W�L�O�D�\�H�U���P�D�J�Q�H�W�L�F��

�F�R�P�S�R�Q�H�Q�W�V���I�R�U���W�K�H���G�H�V�L�J�Q���R�I���K�L�J�K���I�U�H�T�X�H�Q�F�\���S�R�Z�H�U��

�V�X�S�S�O�L�H�V����

�7�K�H���F�X�U�U�H�Q�W���W�U�H�Q�G���L�Q���S�R�Z�H�U���H�O�H�F�W�U�R�Q�L�F�V���W�R���U�H�G�X�F�H���W�K�H��

�Y�R�O�X�P�H���D�Q�G���L�Q�F�U�H�D�V�H���W�K�H���S�R�Z�H�U���G�H�Q�V�L�W�\���L�V���K�L�J�K�H�U��

�V�Z�L�W�F�K�L�Q�J���I�U�H�T�X�H�Q�F�L�H�V�����7�K�L�V���U�D�L�V�H�V���W�K�H���S�U�R�E�O�H�P���R�I���W�K�H��

�F�K�R�L�F�H���R�I���F�R�P�S�R�Q�H�Q�W�V����

�)�R�U���D�F�W�L�Y�H���F�R�P�S�R�Q�H�Q�W�V�����W�K�H���X�V�H���R�I���*�D�1���V�H�H�P�V���W�R���E�H��

�W�K�H���Z�D�\���I�R�U�Z�D�U�G�����H�Y�H�Q���L�I���W�K�H���W�H�F�K�Q�R�O�R�J�\���L�V���Q�R�W���\�H�W���I�X�O�O�\��

�P�D�W�X�U�H����

�3�D�V�V�L�Y�H���F�R�P�S�R�Q�H�Q�W�V�����H�V�S�H�F�L�D�O�O�\���P�D�J�Q�H�W�L�F���F�R�P�S�R�Q�H�Q�W�V����

�U�H�S�U�H�V�H�Q�W���W�K�H���J�U�H�D�W�H�V�W���S�U�R�E�O�H�P���R�I���L�Q�W�H�J�U�D�W�L�R�Q���D�Q�G��

�W�K�H�U�P�D�O���P�D�Q�D�J�H�P�H�Q�W�����7�K�H���V�R�O�X�W�L�R�Q�V���D�U�H���E�D�V�H�G���R�Q���K�L�J�K��

�I�U�H�T�X�H�Q�F�\���I�H�U�U�L�W�H�V�����!�������0�+�]�����E�H�F�D�X�V�H���P�H�W�D�O���D�O�O�R�\�V����

�F�U�\�V�W�D�O�O�L�Q�H�����D�P�R�U�S�K�R�X�V���R�U���Q�D�Q�R�F�U�\�V�W�D�O�O�L�Q�H���F�R�P�S�R�V�L�W�H�V��

�K�D�Y�H���W�R�R���P�D�Q�\���O�R�V�V�H�V����

�+�R�Z�H�Y�H�U�����F�R�Q�Y�H�Q�W�L�R�Q�D�O���S�R�Z�H�U���I�H�U�U�L�W�H�V���I�U�R�P���W�K�H��

�G�L�D�J�U�D�P���0�Q���=�Q���K�D�Y�H���W�Z�R���G�L�V�D�G�Y�D�Q�W�D�J�H�V��

�‡���+�L�J�K���I�U�H�T�X�H�Q�F�\���O�R�V�V�H�V���D�U�H���W�R�R���K�L�J�K��

�‡���7�K�H���L�Q�W�H�J�U�D�W�L�R�Q���S�R�V�V�L�E�L�O�L�W�L�H�V���D�U�H���O�L�P�L�W�H�G���D�V���W�K�H�\��

�D�U�H���L�Q���W�K�H���I�R�U�P���R�I���F�H�U�D�P�L�F�V���V�L�Q�W�H�U�H�G���D�W���K�L�J�K��

�W�H�P�S�H�U�D�W�X�U�H�����!�����������ƒ�&�������Z�K�L�F�K���U�H�T�X�L�U�H�V���W�K�H���X�V�H���R�I��

�F�R�P�S�O�H�[���D�Q�G���E�X�O�N�\���H�[�W�H�U�Q�D�O���F�R�L�O�V��

�$���Q�H�Z���I�D�P�L�O�\���R�I���I�H�U�U�L�W�H�V���K�D�V���E�H�H�Q���G�H�Y�H�O�R�S�H�G���L�Q���U�H�F�H�Q�W��

�\�H�D�U�V���E�\���7�K�D�O�H�V�����V�S�L�Q�H�O���I�H�U�U�L�W�H�V���1�L�=�Q�&�X�&�R�����7�K�H�V�H���I�H�U�U�L�W�H�V��

�K�D�Y�H���W�Z�R���L�P�S�R�U�W�D�Q�W���D�G�Y�D�Q�W�D�J�H�V��

�‡���7�K�H�\���K�D�Y�H���Y�H�U�\���O�R�Z���O�R�V�V�H�V���D�W���K�L�J�K���I�U�H�T�X�H�Q�F�\

�‡���7�K�H�\���F�D�Q���E�H���V�L�Q�W�H�U�H�G���D�W���O�R�Z���W�H�P�S�H�U�D�W�X�U�H���D�U�R�X�Q�G��

�������ƒ�&�����E�H�O�R�Z���W�K�H���V�L�Q�W�H�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���R�I��

�F�R�Q�Y�H�Q�W�L�R�Q�D�O���I�H�U�U�L�W�H�V�����Z�K�L�F�K���D�O�O�R�Z�V���W�K�H�P���W�R���E�H��

�V�L�Q�W�H�U�H�G���Z�L�W�K���G�L�H�O�H�F�W�U�L�F�V���D�Q�G���P�H�W�D�O�V���V�X�F�K���D�V���J�R�O�G���R�U��

�V�L�O�Y�H�U��

�7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�K�H�V�H���I�H�U�U�L�W�H�V���Z�L�W�K���G�L�H�O�H�F�W�U�L�F���O�R�Z��

�W�H�P�S�H�U�D�W�X�U�H���V�L�Q�W�H�U�L�Q�J���D�Q�G���V�L�O�Y�H�U���P�H�W�D�O�O�L�]�D�W�L�R�Q���D�O�O�R�Z�V���U�H�D�O�L�]�L�Q�J��

�P�D�J�Q�H�W�L�F���F�R�P�S�R�Q�H�Q�W�V���D�V���L�Q�G�X�F�W�R�U�V���D�Q�G���W�U�D�Q�V�I�R�U�P�H�U�V����

�,�Q�G�X�F�W�R�U���S�U�R�W�R�W�\�S�H�V���K�D�Y�H���W�H�V�W�H�G���R�Q���D���E�X�F�N���F�R�Q�Y�H�U�W�H�U���Z�K�H�Q��

�W�U�D�Q�V�I�R�U�P�H�U�V���D�U�H���X�V�H�G���R�Q���U�H�V�R�Q�D�Q�W���F�R�Q�Y�H�U�W�H�U�V��

�5�H�V�R�Q�D�Q�W���F�R�Q�Y�H�U�W�H�U�������9���������9���������:���������0�+�]

CONTACTS��
Yves Lembeye
�<�Y�H�V���/�H�P�E�H�\�H�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Jean-Paul Ferrieux 
Jean-Paul.Ferrieux@g2elab.grenoble-inp.fr

�9�L�H�Z���R�I���W�U�D�Q�V�I�R�U�P�H�U
���S�U�L�P�D�U�\���������W�X�U�Q�����V�H�F�R�Q�G�D�U�\���������W�X�U�Q�V��

�3�U�R�W�R�W�\�S�H���R�I���L�Q�G�X�F�W�R�U
�������������Q�+��

�3�H�U�V�S�H�F�W�L�Y�H�����3�R�L�Q�W���R�I��
�/�R�D�G���������N�:���O�L�W�U�H��

�,�Q�W�H�U�O�H�D�Y�H�G���%�X�F�N���F�R�Q�Y�H�U�W�H�U�������9���������9���������:�������0�+�]
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Characterization of power semiconductors and 
integrated circuits

Novel power semiconductor devices increase the stress on the measurements. For instance, larger current densities 
and high voltage capabilities are expected with wide bandgap material based devices such as eGaN Hemt, which 
can exhibit larger operating temperatures. The characterization benches developed in our group are well suited 
to accurately measure the static and dynamic performances of novel power semiconductor devices and their 
integrated function. Our equipments were mostly funded by Agence Nationale de la Recherche (ANR Topogan, 
ANR SiPowLight, ANR Eclipse) and are regularly updated and upgraded through new projects.

�‡  Available equipments at G2Elab
���7�K�U�H�H���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���E�H�Q�F�K�H�V���D�U�H���D�Y�D�L�O�D�E�O�H���L�Q���R�X�U���J�U�R�X�S��

�‡���'�&���P�H�D�V�X�U�H�P�H�Q�W�V�����2�Q���:�D�I�H�U�������3�D�F�N�D�J�H�G���G�H�Y�L�F�H�V�����X�S���W�R���������N�9�����X�S���W�R��

�������$�����'�&������ �S�X�O�V�H�G�������+�L�J�K���Y�R�O�W�D�J�H���D�Q�G���+�L�J�K���F�X�U�U�H�Q�W���S�U�R�E�H�V�����$�J�L�O�H�Q�W��

�%�������������� �+�9�6�0�8������ �+�&�6�0�8�����7�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O�O�H�G���F�R�S�S�H�U���F�K�X�F�N����

�����ƒ�&���7���������ƒ�&�����6�H�H���)�L�J������

�‡���'�&���P�H�D�V�X�U�H�P�H�Q�W�V�����2�Q���:�D�I�H�U�������3�D�F�N�D�J�H�G���G�H�Y�L�F�H�V�����X�S���W�R���������9�����X�S��

�W�R�������$�����'�&���S�X�O�V�H�G�������O�L�J�K�W���L�O�O�X�P�L�Q�D�W�L�R�Q���������Q�P���:�D�Y�H�O�H�Q�J�W�K�����������Q�P����

�.�H�L�W�K�O�H�\�����������$�����������������1�H�Z�S�R�U�W���0�R�Q�R�F�K�U�R�P�D�W�R�U���D�Q�G���������:�� �;�H�Q�R�Q��

�O�D�P�S�����7�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O�O�H�G���F�R�S�S�H�U���F�K�X�F�N���������ƒ�&���7���������ƒ�&�����6�H�H���)�L�J������

�‡���6�Z�L�W�F�K�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H�V�����3�D�F�N�D�J�H�G���G�H�Y�L�F�H�V�����X�S���W�R���������9�����X�S���W�R�������$����

�0�H�D�V�X�U�H�P�H�Q�W���E�D�Q�G�Z�L�G�W�K�����������������0�+�]�����X�S���W�R�����������0�+�]���²���G�H�S�H�Q�G�V���R�Q��

�G�\�Q�D�P�L�F�V����

�$���Q�R�Y�H�O���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���E�H�Q�F�K���L�V���X�Q�G�H�U���G�H�Y�H�O�R�S�P�H�Q�W�����I�H�D�W�X�U�L�Q�J��

�����.���7���������.�� �W�H�P�S�H�U�D�W�X�U�H���U�D�Q�J�H�����O�H�V�V���W�K�D�Q�������������P�E�D�U���Y�D�F�X�X�P�����X�S���W�R��

�������N�9���Y�R�O�W�D�J�H���U�D�Q�J�H�����S�U�R�M�H�F�W���&�D�U�D�S�D�F�H�����I�X�Q�G�H�G���E�\���/�D�E�H�[���/�D�Q�H�I������

�)�L�J�X�U�H������ �����5�L�J�K�W�����S�K�R�W�R�J�U�D�S�K���R�I���W�K�H���H�O�H�F�W�U�R��
�R�S�W�L�F�D�O���P�H�D�V�X�U�H�P�H�Q�W���V�H�W�X�S�����,�Q�O�H�W�����E�O�D�F�N���E�R�[��
�L�Q�V�X�U�L�Q�J���X�O�W�U�D���O�R�Z���Q�R�L�V�H�����/�H�I�W�����P�H�D�V�X�U�H�P�H�Q�W��
�R�I���W�K�H���V�S�H�F�W�U�D�O���U�H�V�S�R�Q�V�L�Y�L�W�\���R�I���D�Q���L�Q�W�H�J�U�D�W�H�G��
�S�K�R�W�R���G�H�W�H�F�W�R�U���Z�L�W�K�L�Q���D�� �S�R�Z�H�U���G�H�Y�L�F�H��

CONTACT��
Nicolas Rouger
�1�L�F�R�O�D�V���5�R�X�J�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�2�Q�� �Z�D�I�H�U���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q����
�L�Q�F�O�X�G�L�Q�J�� ���Y�D�U�L�D�E�O�H���R�S�W�L�F�D�O��
�L�O�O�X�P�L�Q�D�W�L�R�Q���D�Q�G���W�H�P�S�H�U�D�W�X�U�H��
�F�R�Q�W�U�R�O

FURTHER READING

a) R. Vafaei, JC. Crébier and N. Rouger, 
«Performance Measurements of an Optical Detector De-
signed for Monolithic Integration with a Power VDMOS», 
IEEE I2MTC 2013. May 2013 - Minneapolis MN.

b) R. Grezaud, F. Ayel, N. Rouger, JC. Crebier, 
�ª�$���6�S�H�F�L�À�F���6�Z�L�W�F�K�L�Q�J���&�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���0�H�W�K�R�G���I�R�U��
Evaluation of Operating Point and Temperature Impacts 
on Wide Bandgap Devices», IEEE WipDa 2013. Oct 2013 
- Columbus USA.

�)�L�J�X�U�H����������
�����7�R�S�����S�K�R�W�R�J�U�D�S�K���R�I���W�K�H���+�9���²���+�&��
�P�H�D�V�X�U�H�P�H�Q�W���V�H�W�X�S����
�����5�L�J�K�W�����S�X�O�V�H�G���+�L�J�K���&�X�U�U�H�Q�W���F�K�D�U�D�F��
�W�H�U�L�]�D�W�L�R�Q���R�I���D���I�R�U�Z�D�U�G���E�L�D�V�H�G���G�L�R�G�H����
�����/�H�I�W�����+�L�J�K���9�R�O�W�D�J�H���E�U�H�D�N�G�R�Z�Q���P�H�D��
�V�X�U�H�P�H�Q�W���R�I���D���S�R�Z�H�U���W�U�D�Q�V�L�V�W�R�U
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Micro-converters network:
A new approach for power converters design

The high penetration of power electronics in the electrical energy management requires the development of 
flexible, generic, compact, reliable and low cost structure of converters. To achieve this goal, Micro-Converters 
Network permits a very efficient way of design using a generic cell.

�1�H�W�Z�R�U�N�V���R�I���P�L�F�U�R���L�Q�Y�H�U�W�H�U�V���R�I�I�H�U���D���Q�H�Z���D�S�S�U�R�D�F�K���W�R���U�H�V�S�R�Q�G��

�I�O�H�[�L�E�O�H�O�\���W�R���D�Q�\���V�S�H�F�L�I�L�F�D�W�L�R�Q�V�����7�K�L�V���D�S�S�U�R�D�F�K���L�Q�F�R�U�S�R�U�D�W�H�V����

�L�Q���D���V�H�Q�V�H�����H�Y�R�O�X�W�L�R�Q���S�U�R�G�X�F�H�G���L�Q���D�Q�D�O�R�J���H�O�H�F�W�U�R�Q�L�F�V���Z�L�W�K��

�W�K�H���D�G�Y�H�Q�W���R�I���W�K�H���R�S�H�U�D�W�L�R�Q�D�O���D�P�S�O�L�I�L�H�U�����,�W���D�L�P�V���W�R���F�U�H�D�W�H���D��

�V�L�Q�J�O�H���F�R�P�S�R�Q�H�Q�W���F�D�O�O�H�G���(�O�H�P�H�Q�W�D�U�\���&�H�O�O�����(�&�������W�R���P�H�H�W���D�O�O��

�N�L�Q�G�V���R�I���V�S�H�F�L�I�L�F�D�W�L�R�Q�V�����E�\���Q�H�W�Z�R�U�N�L�Q�J���D���Q�X�P�E�H�U���P�R�U�H���R�U��

�O�H�V�V���L�P�S�R�U�W�D�Q�W���R�I���H�O�H�P�H�Q�W�V�����7�K�H���T�X�D�Q�W�L�W�\���W�R���E�H���D�G�G�U�H�V�V�H�G��

�L�Q���D�Q�\���D�S�S�O�L�F�D�W�L�R�Q���R�I���S�R�Z�H�U���H�O�H�F�W�U�R�Q�L�F�V���L�V���H�Q�H�U�J�\�����L�W���L�V���E�\��

�D�V�V�R�F�L�D�W�L�R�Q�����L�Q���V�H�U�L�H�V���D�Q�G�������R�U���L�Q���S�D�U�D�O�O�H�O�����R�I���V�H�Y�H�U�D�O���R�I��

�W�K�H�V�H���H�O�H�P�H�Q�W�D�U�\���F�H�O�O�V���W�K�D�W���W�K�H���Y�R�O�W�D�J�H���D�Q�G�������R�U���F�X�U�U�H�Q�W��

�R�I���W�K�H���F�R�Q�Y�H�U�W�H�U���F�D�O�L�E�H�U���D�U�H���D�F�K�L�H�Y�H�����7�K�H���F�H�O�O���E�H�L�Q�J��

�J�H�Q�H�U�L�F�����W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���H�I�I�R�U�W���F�D�Q���E�H���F�R�Q�F�H�Q�W�U�D�W�H�G��

�D�Q�G���W�K�H���U�H�O�L�D�E�L�O�L�W�\���D�Q�G���U�H�W�X�U�Q���P�D�Q�D�J�H�P�H�Q�W���V�H�U�Y�L�F�H�V��

�J�U�H�D�W�O�\���L�P�S�U�R�Y�H�G�����7�K�L�V���D�S�S�U�R�D�F�K���D�O�O�R�Z�V���W�R���V�X�E�V�W�D�Q�W�L�D�O�O�\��

�L�Q�F�U�H�D�V�H���W�K�H���S�H�Q�H�W�U�D�W�L�R�Q���R�I���S�R�Z�H�U���H�O�H�F�W�U�R�Q�L�F�V���E�X�W���D�O�V�R��

�Q�H�Z���W�H�F�K�Q�R�O�R�J�L�H�V���L�Q�W�R���H�[�L�V�W�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V��

�7�K�H�U�H�I�R�U�H�����D�Q���H�I�I�L�F�L�H�Q�W���D�Q�G���U�H�O�L�D�E�O�H���V�W�U�X�F�W�X�U�H�����D�G�D�S�W�D�E�O�H��

�W�R���P�D�Q�\���D�S�S�O�L�F�D�W�L�R�Q�V���K�D�V���E�H�H�Q���F�U�H�D�W�H�G�����7�K�L�V���(�O�H�P�H�Q�W�D�U�\��

�&�H�O�O�����K�L�J�K�O�\���L�Q�W�H�J�U�D�W�H�G�����X�V�H�G���S�R�Z�H�U���G�L�H�V���D�F�K�L�H�Y�H�G���L�Q��

�&�0�2�6���W�H�F�K�Q�R�O�R�J�L�H���F�R�Q�Q�H�F�W�H�G���W�R���D���S�O�D�Q�D�U���W�U�D�Q�V�I�R�U�P�H�U��

�W�R���U�H�D�O�L�V�H���D���'�X�D�O���$�F�W�L�Y�H���%�U�L�G�J�H���&�R�Q�Y�H�U�W�H�U���W�R���R�I�I�H�U���D��

�Y�H�U�\���F�R�P�S�D�F�W���D�Q�G���I�X�O�O�\���U�H�Y�H�U�V�L�E�O�H���F�R�Q�Y�H�U�W�H�U�����,�Q�G�H�H�G�����W�K�H��

�X�O�W�L�P�D�W�H���Q�H�H�G���L�Q���W�H�U�P�V���R�I���Y�R�O�W�D�J�H���D�Q�G���S�R�Z�H�U���L�V���D�F�K�L�H�Y�H�G��

�E�\���D�V�V�R�F�L�D�W�L�Q�J���Z�L�W�K���H�D�F�K���R�W�K�H�U�����(�O�H�P�H�Q�W�D�U�\���&�H�O�O�V�����D�Q�G��

�W�K�H�Q���W�K�H�U�H���L�V���Q�R���Q�H�H�G���W�R���D�G�M�X�V�W���W�K�H���V�W�U�X�F�W�X�U�H���W�R���W�K�H���S�R�Z�H�U��

�D�S�S�O�L�F�D�W�L�R�Q�����7�K�X�V���W�K�H���G�H�V�L�J�Q���R�I���S�R�Z�H�U���F�R�Q�Y�H�U�W�H�U�V���L�Q���S�R�Z�H�U��

�H�O�H�F�W�U�R�Q�L�F�V���L�V���V�L�P�S�O�L�I�L�H�G���D�Q�G���E�H�F�R�P�H�V���D�F�F�H�V�V�L�E�O�H���W�R���D���Z�L�G�H�U��

�U�D�Q�J�H���R�I���D�S�S�O�L�F�D�W�L�R�Q�V��

CONTACTS��
Yves Lembeye
�<�Y�H�V���/�H�P�E�H�\�H�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Jean-Christophe Crebier 
�-�H�D�Q���&�K�U�L�V�W�R�S�K�H���&�U�H�E�L�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�/�D�\�R�X�W���R�I���W�K�H�����9�����$���(�O�H�P�H�Q��
�W�D�U�\���&�H�O�O���S�R�Z�H�U���G�L�H��
�%�D�V�H�G���R�Q���D���V�W�D�Q�G�D�U�G���W�H�F�K�Q�R��
�O�R�J�\���W�K�L�V���G�L�H���R�I�I�H�U�V���D���O�R�Z���F�R�V�W��
�D�Q�G���K�L�J�K���H�I�À�F�L�H�Q�F�\���D�F�W�L�Y�H��
�S�D�U�W���W�R���W�K�H���(�O�H�P�H�Q�W�D�U�\���&�H�O�O��

�����:�������N�:���/�L�W�H�U���(�O�H�P�H�Q�W�D�U�\�� ���&�H�O�O��
�E�D�V�H�G���R�Q���'�X�D�O���$�F�W�L�Y�H���%�U�L�G�J�H���V�W�U�X�F�W�X�U�H��
�X�V�L�Q�J�������S�R�Z�H�U���G�L�H�V���Á�L�S�����F�K�L�S�H�G���R�Q���D��
�3�&�%���L�Q�F�O�X�G�L�Q�J���D���S�O�D�Q�D�U���W�U�D�Q�V�I�R�U�P�H�U

�&�R�Q�Y�H�U�W�H�U���D�F�K�L�H�Y�H���E�\�� �(�O�H�P�H�Q�W�D�U�\��
�&�H�O�O�V���F�R�Q�Q�H�F�W�H�G���R�Q���D���P�R�W�K�H�U���E�R�D�U�G��
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Modelling and design of electrical 
interconnection

For EMC analysis, the Electromagnetic modelling of interconnections is determining. Complex geometries, and 
various electromagnetic environment (magnetic or amagnetic metals, conductive carbon, ...), leads to require 
specifics methods. G2ELab works in this field since more than 20 years, developing an integral method named 
PEEC. Recently a compression matrix algorithm has been introduced, to increase the size and complexity of the 
modelled systems.

CONTACTS��
Jean-Luc Schanen
�-�H�D�Q���/�X�F���6�F�K�D�Q�H�Q�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Jean-Michel Guichon
�-�H�D�Q���0�L�F�K�H�O���*�X�L�F�K�R�Q�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�‡ Modelling principe

�3�(�(�&���D�S�S�U�R�D�F�K���X�V�H�G���L�V���W�K�L�V���Z�R�U�N���L�V���D�Q���L�Q�W�H�J�U�D�O���P�H�W�K�R�G���X�V�L�Q�J���D���]�H�U�R��

�R�U�G�H�U���*�D�O�H�U�N�L�Q���P�H�W�K�R�G�����D�S�S�O�L�H�G���R�Q���S�D�U�D�O�O�H�O�H�S�L�S�H�G�L�F���G�L�V�F�U�H�W�L�]�L�Q�J��

�H�O�H�P�H�Q�W�V���R�I���W�K�H���D�F�W�L�Y�H���S�D�U�W�V���R�Q�O�\�����R�Q�O�\���W�K�H���F�R�Q�G�X�F�W�L�Q�H���H�O�H�P�H�Q�W�V���D�U�H��

�P�H�V�K�H�G�����Q�R�W���W�K�H���D�L�U�������7�K�L�V���L�Q�W�H�J�U�D�W�L�R�Q���D�O�O�R�Z�V���R�E�W�D�L�Q�L�Q�J���D�Q���H�T�X�L�Y�D�O�H�Q�W��

�H�O�H�F�W�U�L�F�D�O���F�L�U�F�X�L�W���X�V�L�Q�J���U�H�V�L�V�W�D�Q�F�H�����L�Q�G�X�F�W�D�Q�F�H���D�Q�G���P�X�W�X�D�O���L�Q�G�X�F�W�D�Q�F�H��

�W�R���U�H�S�U�H�V�H�Q�W���W�K�H���P�D�J�Q�H�W�L�F���E�H�K�D�Y�L�R�X�U���R�I���W�K�H���V�\�V�W�H�P�����7�K�H���F�R�P�S�O�H�[��

�P�D�W�U�L�[���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�L�V���H�O�H�F�W�U�L�F�D�O���F�L�U�F�X�L�W���L�V���I�X�O�O�����W�K�H�U�H�I�R�U�H�����W�K�H��

�P�H�P�R�U�\���V�S�D�F�H���X�V�H�G���H�Y�R�O�Y�H�V���L�Q���1²�����1���E�H�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���H�O�H�P�H�Q�W�V��

�R�I���W�K�H���G�L�V�F�U�H�W�L�]�D�W�L�R�Q�������)�X�U�W�K�H�U�P�R�U�H�����W�K�H���F�R�P�S�O�H�[�L�W�\���R�I���D���G�L�U�H�F�W���V�R�O�Y�H�U��

���W�\�S�L�F�D�O�O�\���E�D�V�H�G���R�Q���/�8���G�H�F�R�P�S�R�V�L�W�L�R�Q�����X�V�H�G���W�R���V�R�O�Y�H���W�K�L�V���N�L�Q�G���R�I��

�S�U�R�E�O�H�P���H�Y�R�O�Y�H�V���L�Q���0 �����Z�L�W�K���0���W�K�H���G�H�J�U�H�H���R�I���I�U�H�H�G�R�P�����7�R���G�H�F�U�H�D�V�H��

�W�K�H���F�R�P�S�O�H�[�L�W�\�����Z�H���X�V�H�G���D�Q���L�W�H�U�D�W�L�Y�H���V�R�O�Y�H�U���)�*�0�5�H�V�����7�R���G�H�F�U�H�D�V�H���W�K�H��

�P�H�P�R�U�\���F�R�Q�V�X�P�S�W�L�R�Q�����D�Q�G���D�F�F�H�O�H�U�D�W�H���W�K�H���P�D�W�U�L�[���²���Y�H�F�W�R�U���S�U�R�G�X�F�W����

�Z�H���X�V�H�G���D�Q���$�G�D�S�W�D�W�L�Y�H���0�X�O�W�L���/�H�Y�H�O���)�D�V�W���0�X�O�W�L�S�R�O���0�H�W�K�R�G�����:�L�W�K���W�K�L�V��

�D�S�S�U�R�D�F�K���L�W���K�D�V���E�H�H�Q���S�R�V�V�L�E�O�H���W�R���P�R�G�H�O���S�D�U�W���R�I���D�L�U�F�U�D�I�W�����L�Q�F�O�X�G�L�Q�J��

�W�K�H���P�H�W�D�O���V�W�U�X�F�W�X�U�H�����W�K�H���F�D�U�E�R�Q���V�N�L�Q���D�Q�G���D�O�O���S�R�Z�H�U���U�R�X�W�H�V�����$�V���D�Q��

�H�[�D�P�S�O�H�����W�K�H���L�P�S�D�F�W���R�I���D���O�L�J�K�W�Q�L�Q�J���L�V�V�X�H���R�Q���W�K�H���O�R�D�G�V���Y�R�O�W�D�J�H���K�D�V��

�E�H�H�Q���V�W�X�G�L�H�G�����I�R�U���Y�D�U�L�R�X�V���P�D�W�H�U�L�D�O�V���R�I���D�L�U�F�U�D�I�W���V�N�L�Q�����P�H�W�D�O�����Y�D�U�L�R�X�V��

�F�R�P�S�R�V�L�W�H���F�D�U�E�R�Q�������7�K�H�V�H���Q�H�Z���G�H�Y�H�O�R�S�P�H�Q�W�V���Z�L�O�O���E�H���L�P�S�O�H�P�H�Q�W�H�G��

�L�Q���W�K�H���,�Q�&�D���'���V�R�I�W�Z�D�U�H�����D�Q�G���G�L�V�W�U�L�E�X�W�H�G���E�\���&�H�G�U�D�W���F�R�P�S�D�Q�\��

�E�H�J�L�Q�Q�L�Q�J������������

�‡��Design of a current path

�:�L�W�K���W�K�H���L�P�S�U�R�Y�H�G���F�R�P�S�X�W�D�W�L�R�Q��

�V�S�H�H�G���D�Q�G���D���P�H�P�R�U�\���X�V�H�����L�W���V�K�R�X�O�G��

�E�H���L�Q�W�H�U�H�V�W�L�Q�J���W�R���H�[�S�O�R�U�H���R�S�W�L�P�D�O��

�G�H�V�L�J�Q�����,�Q���R�X�U���F�D�V�H�����Z�H���X�V�H�G���W�K�L�V��

�P�R�G�H�O�O�L�Q�J���P�H�W�K�R�G���W�R���I�L�Q�G���D�Q��

�R�S�W�L�P�D�O���O�D�\�R�X�W���I�R�U���W�K�H���F�X�U�U�H�Q�W��

�U�H�W�X�U�Q���S�D�W�K���L�Q���D���P�R�U�H���F�R�P�S�R�V�L�W�H��

�D�L�U�F�U�D�I�W�����,�Q���W�K�L�V���N�L�Q�G���R�I���S�U�R�E�O�H�P��

�W�K�H���F�L�U�F�X�L�W���W�R�S�R�O�R�J�\���L�V���X�Q�N�Q�R�Z�Q���D�W��

�W�K�H���I�L�U�V�W���R�S�W�L�P�L�]�D�W�L�R�Q���V�W�H�S�����7�K�H���X�V�H���R�I��

�D�Q���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���P�R�G�H�O�L�V�D�W�L�R�Q���W�R�R�O�����O�L�N�H��

�,�Q�&�D���'�����L�V���W�K�H�U�H�I�R�U�H���Q�R�W���S�R�V�V�L�E�O�H���V�L�Q�F�H���W�K�H���F�L�U�F�X�L�W��

�O�L�Q�N�L�Q�J���D�O�O���F�R�Q�Q�H�F�W�L�Q�J���S�R�L�Q�W�V���L�V���Q�R�W���G�H�I�L�Q�H�G�����7�R���I�L�Q�G���D���I�L�U�V�W���V�R�O�X�W�L�R�Q��

�Z�H���X�V�H�G���D���P�H�W�K�R�G���E�D�V�H�G���R�Q���W�K�H���J�U�D�S�K���W�K�H�R�U�\�����D�Q�G���L�Q���D���V�H�F�R�Q�G���V�W�H�S��

�Z�H���X�V�H�G���D���F�O�D�V�V�L�F�D�O���R�S�W�L�P�L�]�D�W�L�R�Q���D�O�J�R�U�L�W�K�P���W�R���L�P�S�U�R�Y�H���W�K�L�V���V�R�O�X�W�L�R�Q��

�Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�H���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���E�H�K�D�Y�L�R�X�U�����P�R�G�H�O�L�Q�J���X�V�L�Q�J��

�,�Q�&�D���'�������P�L�Q�L�P�L�]�L�Q�J���W�K�H���F�R�Q�G�X�F�W�R�U�·�V���Z�H�L�J�K�W��

�$�O�O���W�K�H�V�H���Q�H�Z���G�H�Y�H�O�R�S�S�H�P�H�Q�W�V���K�D�Y�H���E�H�H�Q���L�Q�S�O�H�P�H�Q�W�H�G���L�Q���W�K�H���0�,�3�6�(��

���0�R�G�H�O�O�L�Q�J���R�I���,�Q�W�H�U�F�R�Q�Q�H�F�W�H�G���3�R�Z�H�U���6�\�V�W�(�P�V�����I�U�D�P�H�Z�R�U�N�����D���Q�H�Z��

�P�X�O�W�L���O�H�Y�H�O�V���D�Q�G���P�X�O�W�L���P�H�W�K�R�G�V���F�R�P�S�X�W�D�W�L�R�Q�D�O���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F�V��

�H�Q�Y�L�U�R�Q�H�P�H�Q�W��

�(�[�D�P�S�O�H���R�I���R�S�W�L�P�L�]�H�G���F�X�U�U�H�Q�W���U�H�W�X�U�Q���S�D�W�K

�2�S�W�L�P�L�]�H�G���F�X�U�U�H�Q�W���U�H�W�X�U�Q��
�S�D�W�K���L�Q���L�W�V���H�Q�Y�L�U�R�Q�P�H�Q�W

�'�L�I�I�H�U�H�Q�F�H���R�I���'�U�R�S���Y�R�O�W�D�J�H��
�I�R�U���D���O�R�D�G���L�Q���I�U�H�T�X�H�Q�F�\��
�G�R�P�D�L�Q���G�X�H���W�R���O�L�J�K�W�Q�L�Q�J��
�Z�L�W�K���V�H�Y�H�U�D�O���P�D�W�H�U�L�D�O�V���I�R�U��
�P�H�F�K�D�Q�L�F�D�O���V�W�U�X�F�W�X�U�H���D�Q�G��
�D�L�U�F�U�D�I�W���I�X�V�H�O�D�J�H��
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EMC and electromagnetic modeling of power 
electronics systems
Power Electronics generates high frequency – high level disturbances, which have to be carefully managed, since 
they can prevent the system from working properly. The recent increase of devices performances (commutation 
speed) reinforces the need of powerful modelling and experimental characterization capability of electromagnetic 
phenomena associated with switching mode energy conversion.

I  At component level: packaging issues
�2�Q���D�Q���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���S�R�L�Q�W���R�I���Y�L�H�Z�����W�K�H���G�H�V�L�J�Q���R�I���D���S�R�Z�H�U���V�H�P�L��

�F�R�Q�G�X�F�W�R�U���S�D�F�N�D�J�H���K�D�V���W�R���D�F�F�R�X�Q�W���I�R�U��

�‡���7�K�H���V�W�U�D�\���L�Q�G�X�F�W�D�Q�F�H�����Z�K�L�F�K���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���X�Q�D�F�F�H�S�W�D�E�O�H���Y�R�O�W�D�J�H��

�R�Y�H�U�V�K�R�R�W�V

�‡���7�K�H���U�H�G�X�F�W�L�R�Q���R�I���F�R�P�P�R�Q���P�R�G�H���J�H�Q�H�U�D�W�L�R�Q�����L�V�V�X�H�G���E�\���V�W�U�D�\���F�D�S�D�F�L�W�D�Q�F�H�V����

�7�R���E�H���Q�R�W�H�G���W�K�D�W���Q�R�W���D�O�O���F�D�S�D�F�L�W�D�Q�F�H�V���K�D�Y�H���Q�H�J�D�W�L�Y�H���H�I�I�H�F�W�V�����V�R�P�H���R�I���W�K�H�P��

�K�D�Y�H���W�R���E�H���L�Q�F�U�H�D�V�H�G�����R�U���E�D�O�D�Q�F�H�G���H�D�F�K���R�W�K�H�U

�‡���7�K�H���J�R�R�G���G�H�V�L�J�Q���R�I���W�K�H���J�D�W�H���F�L�U�F�X�L�W���O�D�\�R�X�W�����D�Y�R�L�G�L�Q�J���D�O�O���G�L�V�W�X�U�E�D�Q�F�H��

�I�U�R�P���W�K�H���S�R�Z�H�U���V�L�G�H

�3�U�H�F�L�V�H���L�P�S�H�G�D�Q�F�H���P�H�D�V�X�U�H�P�H�Q�W�V�����X�V�L�Q�J���Y�D�U�L�R�X�V���P�H�W�K�R�G�V�����J�U�H�D�W�O�\���K�H�O�S��

�L�Q���F�K�D�U�D�F�W�H�U�L�]�L�Q�J���W�K�H���G�L�I�I�H�U�H�Q�W���O�D�\�R�X�W�V���D�Q�G���Y�D�O�L�G�D�W�L�Q�J���W�K�H���V�L�P�X�O�D�W�L�R�Q�V����

�,�P�S�H�G�D�Q�F�H���P�H�D�V�X�U�H�P�H�Q�W���E�U�L�G�J�H�����1�H�W�Z�R�U�N���$�Q�D�O�\�V�H�U�V�����7�L�P�H���G�R�P�D�L�Q���5�H��

�Á�H�F�W�R�P�H�W�U�\�����R�U���R�W�K�H�U���L�Q�G�L�U�H�F�W���H�[�S�H�U�L�P�H�Q�W�D�O���Z�D�\�V���W�R���H�[�W�U�D�F�W���V�W�U�D�\���L�P�S�H��

�G�D�Q�F�H���²�R�V�F�L�O�O�D�W�R�U�\���G�L�V�F�K�D�U�J�H�����Y�R�O�W�D�J�H���R�Y�H�U�V�K�R�R�W�V�����¬

�,�,�����$�W���F�R�Q�Y�H�U�W�H�U���O�H�Y�H�O�����À�O�W�H�U���G�H�V�L�J�Q���D�Q�G���E�H�V�W���O�D�\�R�X�W
�7�K�H���À�O�W�H�U���V�L�]�H���D�Q�G���F�R�V�W���X�V�X�D�O�O�\���U�H�S�U�H�V�H�Q�W�V�����������R�I���W�K�H���F�R�Q�Y�H�U�W�H�U����

�2�S�W�L�P�L�]�D�W�L�R�Q���L�V���W�K�X�V���Q�H�H�G�H�G���W�R���U�H�D�F�K���K�L�J�K���S�H�U�I�R�U�P�D�Q�F�H�V���Z�L�W�K���U�H�G�X�F�H�G��

�V�L�]�H�����)�X�U�W�K�H�U�P�R�U�H�����V�W�U�D�\���F�R�X�S�O�L�Q�J�V���P�D�\���U�H�G�X�F�H���À�O�W�H�U���H�I�I�H�F�W�L�Y�H�Q�H�V�V���D�Q�G��

�K�D�Y�H���W�R���E�H���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W��

�‡���)�L�O�W�H�U���H�O�H�P�H�Q�W�V���F�D�Q���E�H���R�S�W�L�P�L�]�H�G���W�K�U�R�X�J�K���G�H�G�L�F�D�W�H�G���(�0�&���P�R�G�H�O�V��

�R�I���F�R�Q�Y�H�U�W�H�U�V

�‡���)�L�O�W�H�U���O�D�\�R�X�W���D�V���Z�H�O�O���D�V���S�R�Z�H�U���F�R�P�S�R�Q�H�Q�W�V���L�P�S�O�D�Q�W�D�W�L�R�Q���P�D�\���E�H��

�R�E�W�D�L�Q�H�G���X�Q�G�H�U���(�0�&���F�R�Q�V�W�U�D�L�Q�W�V�����2�S�W�L�P�L�]�D�W�L�R�Q���L�V���S�R�V�V�L�E�O�H���W�K�D�Q�N�V��

�W�R���V�X�L�W�D�E�O�H���(�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���0�R�G�H�O�V

�7�K�H���P�D�J�Q�H�W�L�F���F�O�R�V�H���À�H�O�G���F�D�Q���D�O�V�R���E�H���F�R�P�S�X�W�H�G���I�U�R�P���W�K�H���3�(�(�&���P�R��

�G�H�O���R�I���W�K�H���F�R�Q�Y�H�U�W�H�U�����W�K�L�V���L�V���G�H�W�H�U�P�L�Q�L�Q�J���I�R�U���W�K�H���S�D�U�D�V�L�W�L�F���L�Q�W�H�U�D�F�W�L�R�Q�V��

�E�H�W�Z�H�H�Q���V�X�E�V�\�V�W�H�P�V��

�(�[�S�H�U�L�P�H�Q�W�D�O���D�S�S�U�R�D�F�K���W�R���F�K�D�U�D�F�W�H�U�L�]�H���W�K�H���(�0�&���R�I���D���3�R�Z�H�U���(�O�H�F�W�U�R�Q�L�F�V��

�&�R�Q�Y�H�U�W�H�U���L�Q�Y�R�O�Y�H�V���F�R�Q�G�X�F�W�H�G���P�H�D�V�X�U�H�P�H�Q�W�V���X�V�L�Q�J���D���/�L�Q�H���,�P�S�H�G�D�Q�F�H��

�6�W�D�E�L�O�L�]�D�W�L�R�Q���1�H�W�Z�R�U�N�����/�,�6�1�������&�O�R�V�H���À�H�O�G���P�H�D�V�X�U�H�P�H�Q�W�V���D�U�H���D�F�K�L�H�Y�H�G��

�X�V�L�Q�J���V�L�P�S�O�H���D�Q�W�H�Q�Q�D�V�����R�U���G�H�G�L�F�D�W�H�G���V�H�Q�V�R�U�V���V�S�H�F�L�À�F�D�O�O�\���G�H�Y�H�O�R�S�H�G���W�R��

�H�[�W�U�D�F�W���V�S�H�F�L�D�O���L�Q�I�R�U�P�D�W�L�R�Q�����)�D�U���À�H�O�G���P�H�D�V�X�U�H�P�H�Q�W�V���D�U�H���S�R�V�V�L�E�O�H���X�V�L�Q�J��

�D�Q�H�F�K�R�L�F���F�K�D�P�E�H�U�V���R�I���R�X�U���S�D�U�W�Q�H�U�V��

�0�R�G�H�O�L�Q�J���R�I���D���3�R�Z�H�U���(�O�H�F�W�U�R�Q�L�F�V��
�3�D�F�N�D�J�H���L�Q�F�O�X�G�L�Q�J���W�K�H���J�D�W�H��
�F�L�U�F�X�L�W�����3�(�(�&���0�H�W�K�R�G���L�Q���,�Q�&�D���'���‹��

III  At system level: a global approach
�8�V�X�D�O���(�0�&���V�W�X�G�L�H�V���I�R�F�X�V���R�Q���R�Q�H���G�H�Y�L�F�H���L�Q���D���V�W�D�Q�G�D�U�G���H�Q�Y�L�U�R�Q�P�H�Q�W�����)�R�U��

�L�Q�V�W�D�Q�F�H�����W�K�H���/�,�6�1���X�V�H�G���I�R�U���F�R�Q�G�X�F�W�H�G���H�P�L�V�V�L�R�Q�V���L�V���Q�R�W���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��

�R�I���W�K�H���D�F�W�X�D�O���E�H�K�D�Y�L�R�X�U���R�I���W�K�H���V�\�V�W�H�P�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H���(�0�&���X�V�X�D�O��

�P�D�U�J�L�Q�V���F�D�Q�Q�R�W���O�H�D�G���W�R���R�S�W�L�P�D�O���V�\�V�W�H�P�����7�K�H�U�H���L�V���W�K�X�V���D���V�W�U�R�Q�J���Q�H�H�G���R�I��

�V�L�P�X�O�D�W�L�R�Q�V���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���I�U�R�P���D�F�W�X�D�O���V�\�V�W�H�P�V�����7�R���D�F�K�L�H�Y�H���W�K�L�V���W�D�V�N����

�W�Z�R���V�R�O�X�W�L�R�Q�V���D�U�H���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���S�X�U�V�X�H�G��

�‡���7�K�H���D�E�L�O�L�W�\���W�R���P�R�G�H�O���O�D�U�J�H���V�\�V�W�H�P�V���Z�L�W�K���3�(�(�&���P�H�W�K�R�G�����V�X�F�K���D�V���D�Q��

�D�L�U�F�U�D�I�W�������X�V�L�Q�J���V�S�H�F�L�À�F���P�D�W�U�L�[���F�R�P�S�U�H�V�V�L�R�Q���P�H�W�K�R�G�V�����D�V�V�R�F�L�D�W�H�G��

�Z�L�W�K���R�U�G�H�U���U�H�G�X�F�W�L�R�Q���P�H�W�K�R�G�V

�‡���7�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���G�H�G�L�F�D�W�H�G���(�0�&���P�R�G�H�O�V�����X�V�L�Q�J���V�L�P�S�O�H��

�H�T�X�L�Y�D�O�H�Q�W���V�R�X�U�F�H�V�����D�G�D�S�W�H�G���W�R���V�\�V�W�H�P���O�H�Y�H�O���V�W�X�G�L�H�V��

CONTACTS��
Jean-Luc Schanen
�-�H�D�Q���/�X�F���6�F�K�D�Q�H�Q�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Edith Clavel
�(�G�L�W�K���&�O�D�Y�H�O�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Highlights 2014

�,�P�S�H�G�D�Q�F�H���0�H�D�V�X�U�H�P�H�Q�W��
�%�U�L�G�J�H�����K�H�U�H���X�V�H�G���W�R��
�F�K�D�U�D�F�W�H�U�L�]�H���D�Q���L�Q�G�X�F�W�R�U

�0�R�G�H�O�L�Q�J���R�I���D�Q���(�0�&���À�O�W�H�U���L�Q�F�O�X�G�L�Q�J���D�O�O���V�W�U�D�\���F�R�X�S�O�L�Q�J�V���Z�L�W�K���F�R�P�S�R�Q�H�Q�W�V��
�D�Q�G���3�&�%���W�U�D�F�N�V�����,�Q�&�D�����'���‹���P�R�G�H�O�����'�L�I�I�H�U�H�Q�W���O�D�\�R�X�W�V���F�R�P�S�D�U�L�V�R�Q��

�6�S�H�F�L�À�F���P�D�J�Q�H�W�L�F���À�H�O�G���V�H�Q�V�R�U�����G�H�G�L�F�D�W�H�G���W�R���G�L�S�R�O�D�U���D�Q�G���T�X�D�G�U�L�S�R�O�D�U��
�F�R�P�S�R�Q�H�Q�W���P�H�D�V�X�U�H�P�H�Q�W�����L�O�O�X�V�W�U�D�W�L�R�Q���R�I���W�K�H�V�H���F�R�P�S�R�Q�H�Q�W�V���R�Q���W�K�H���U�L�J�K�W��
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�7�R�W�D�O���L�Q�S�X�W���L�P�S�H�G�D�Q�F�H���R�I���Q�H�W�Z�R�U�N���F�R�Q�W�D�L�Q�L�Q�J���W�Z�R���'�&�� �F�R�Q�Y�H�U�W�H�U�V����
�F�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q���W�K�H�R�U�H�W�L�F�D�O���P�R�G�H�O�����E�O�X�H���F�R�O�R�X�U�����D�Q�G���P�H�D�V�X�U�H�P�H�Q�W��
���U�H�G���F�R�O�R�X�U�����L�Q���'�L�I�I�H�U�H�Q�W�L�D�O���0�R�G�H
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Collaborative strategic research with CEA-LETI

G2Elab and CEA-LETI have concluded a strong partnership to overcome today’s limitations in power 
electronics. For instance, a joint research on several innovative projects is being addressed: packaging and 
modelling for power devices and power modules, integrated drivers design and characterization and radiated 
Electro Magnetic sources analysis in Electrical Vehicles. Both partners can benefit from their respective well 
known expertise, knowledge and platforms, already leading to recent breakthroughs widely recognized.

�'�L�U�H�F�W���E�R�Q�G�L�Q�J���W�H�F�K�Q�R�O�R�J�\���D�Q�G���W�U�H�Q�F�K���L�V�R�O�D�W�L�R�Q���X�V�H�G���I�R�U��

�S�R�Z�H�U���G�H�Y�L�F�H���L�V�O�D�Q�G�L�Q�J���D�U�H���W�K�H���F�R�U�Q�H�U�V�W�R�Q�H���R�I���W�K�L�V���V�F�K�H�P�H��

�R�I���L�Q�W�H�J�U�D�W�L�R�Q�����,�Q�Y�R�O�Y�L�Q�J���G�L�U�H�F�W���F�R�S�S�H�U���E�R�Q�G�L�Q�J���O�D�\�H�U�V�����W�K�H��

�W�H�F�K�Q�R�O�R�J�\���L�V���X�V�H�G���G�X�U�L�Q�J���W�K�H���P�L�G���S�U�R�F�H�V�V���W�R���H�Q�D�E�O�H���W�K�H��

�Z�D�I�H�U���O�H�Y�H�O���E�R�Q�G�L�Q�J���R�I���Y�H�U�W�L�F�D�O���S�R�Z�H�U���G�H�Y�L�F�H�V���W�R���D���M�R�L�Q�W��

�P�H�W�D�O�O�L�F���V�X�E�V�W�U�D�W�H���Z�K�L�O�H���R�S�W�L�P�L�]�L�Q�J���W�K�H���G�H�Y�L�F�H�V���L�Q�W�U�L�Q�V�L�F��

�S�H�U�I�R�U�P�D�Q�F�H�V�����:�D�I�H�U���O�H�Y�H�O���L�V�O�D�Q�G�L�Q�J���D�Q�G���L�Q�W�H�U�F�R�Q�Q�H�F�W���L�V���X�V�H�G��

�W�R���V�L�P�S�O�L�I�\���D�Q�G���J�X�D�U�D�Q�W�H�H���W�K�H���W�U�X�H�����'�� �D�V�V�H�P�E�O�\���D�W���P�R�G�X�O�H��

�O�H�Y�H�O�����7�K�L�V�����'�� �D�V�V�H�P�E�O�\���L�V���E�D�V�H�G���R�Q���W�K�H���L�Q�W�H�U�F�R�Q�Q�H�F�W���R�I��

�P�D�W�U�L�F�H�V���R�I���O�R�Z���V�L�G�H���D�Q�G���K�L�J�K���V�L�G�H���Y�H�U�W�L�F�D�O���S�R�Z�H�U���G�H�Y�L�F�H�V��

�R�Q���W�R�S���R�I���H�D�F�K���R�W�K�H�U�����2�X�U���W�H�F�K�Q�R�O�R�J�\���R�S�W�L�P�L�]�H�V���F�R�P�S�R�Q�H�Q�W��

�V�X�U�I�D�F�H���K�H�L�J�K�W���D�V���Z�H�O�O���D�V���D�O�L�J�Q�P�H�Q�W�V���F�R�Q�V�W�U�D�L�Q�W�V�����$�V���D���U�H�V�X�O�W����

�W�K�H���W�U�X�H�����'���L�Q�W�H�J�U�D�W�L�R�Q���R�I���W�K�H���D�F�W�L�Y�H���S�D�U�W�V���I�R�U���S�R�Z�H�U���F�R�Q�Y�H�U�W�H�U�V��

�L�V���R�S�W�L�P�L�]�H�G���W�R���W�K�H���K�L�J�K�H�V�W���S�R�V�V�L�E�O�H���O�H�Y�H�O�����O�H�D�G�L�Q�J���W�R���V�W�U�R�Q�J�O�\��

�U�H�G�X�F�H�G���(�0�,���O�H�Y�H�O�V���D�Q�G���L�Q�F�U�H�D�V�H�G���V�Z�L�W�F�K�L�Q�J���V�S�H�H�G���F�D�S�D�E�L�O�L�W�L�H�V��

�‡ 3D integration for power modules and integrated drivers
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Jean Christophe Crebier
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Nicolas Rouger
�Q�L�F�R�O�D�V���U�R�X�J�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�'�H�G�L�F�D�W�H�G���G�U�L�Y�H�U���I�R�U���Z�L�G�H���E�D�Q�G���J�D�S���S�R�Z�H�U���G�H�Y�L�F�H�V�����L�Q�F�O�X�G�L�Q�J��
�D�G�D�S�W�L�Y�H���R�X�W�S�X�W���V�W�D�J�H

�6�S�H�F�L�À�F���L�Q�W�H�J�U�D�W�H�G���G�U�L�Y�H�U�V���D�U�H���U�H�T�X�L�U�H�G���Z�K�H�Q���W�K�H���K�L�J�K�H�V�W���H�I�À�F�L�H�Q�F�\��

�L�V���G�H�V�L�U�H�G�����E�R�W�K���I�R�U�����'�� �L�Q�W�H�J�U�D�W�H�G���V�Z�L�W�F�K�L�Q�J���F�H�O�O�V���D�Q�G���:�L�G�H��

�%�D�Q�G�J�D�S���'�H�Y�L�F�H�V�����:�%�'�������)�R�U���H�[�D�P�S�O�H�����D�Q���D�G�D�S�W�L�Y�H���J�D�W�H���G�U�L�Y�H��

�F�L�U�F�X�L�W���K�D�V���E�H�H�Q���V�X�F�F�H�V�V�I�X�O�O�\���G�H�V�L�J�Q�H�G���W�R���S�U�R�Y�L�G�H���D���V�D�I�H�U���D�Q�G��

�P�R�U�H���H�I�À�F�L�H�Q�W���F�R�Q�W�U�R�O���R�I���:�%�'�����7�K�H���J�D�W�H���G�U�L�Y�H���F�L�U�F�X�L�W���I�D�E�U�L�F�D�W�H�G��

�L�Q���$�0�6���������Ì�P���+�9���W�H�F�K�Q�R�O�R�J�\���K�D�V���D�G�D�S�W�L�Y�H���R�X�W�S�X�W���L�P�S�H�G�D�Q�F�H��

�I�R�U���R�S�W�L�P�D�O���W�X�U�Q���2�1���W�X�U�Q���2�)�)���G�U�L�Y�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���D���J�D�W�H��

�V�L�G�H���S�R�Z�H�U���W�U�D�Q�V�L�V�W�R�U���V�Z�L�W�F�K�L�Q�J���W�U�D�Q�V�L�W�L�R�Q���G�H�W�H�F�W�L�R�Q�����,�W�V��

�L�P�S�H�G�D�Q�F�H���F�D�Q���E�H���S�U�H�F�L�V�H�O�\���D�G�M�X�V�W�H�G���G�X�U�L�Q�J���W�U�D�Q�V�L�W�L�R�Q���W�L�P�H��

�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�Z�L�W�F�K�H�G���F�X�U�U�H�Q�W���W�R���U�H�G�X�F�H���R�Y�H�U�Y�R�O�W�D�J�H���G�X�H��

�W�R���S�D�U�D�V�L�W�L�F���L�Q�G�X�F�W�D�Q�F�H�V�����,�W���F�D�Q���D�O�V�R���E�H���V�H�W���W�R���P�D�L�Q�W�D�L�Q���W�K�H���V�D�P�H��

�W�U�D�Q�V�L�W�L�R�Q���W�L�P�H�V���R�I���:�%�'���R�Y�H�U���D���Z�L�G�H���U�D�Q�J�H���R�I���O�R�D�G���F�X�U�U�H�Q�W�V����

�V�X�S�S�O�\���Y�R�O�W�D�J�H�V���D�Q�G���W�H�P�S�H�U�D�W�X�U�H�V���������ƒ�&�����������ƒ�&�������7�K�H�U�H�I�R�U�H�����L�Q��

�D���V�\�Q�F�K�U�R�Q�R�X�V���E�X�F�N���F�R�Q�Y�H�U�W�H�U���E�D�V�H�G���R�Q���:�%�'�����W�K�H���S�U�R�S�R�V�H�G��

�J�D�W�H���G�U�L�Y�H���F�L�U�F�X�L�W���G�H�P�R�Q�V�W�U�D�W�H�V���V�H�F�X�U�H���E�X�W���G�U�D�V�W�L�F���G�H�D�G���W�L�P�H��

�U�H�G�X�F�W�L�R�Q���D�Q�G���W�K�H�U�H�I�R�U�H���D���V�L�J�Q�L�À�F�D�Q�W���J�D�L�Q���L�Q���S�H�U�I�R�U�P�D�Q�F�H�V��

�=�R�R�P���L�Q�W�R���W�K�H���E�R�Q�G�L�Q�J���U�H�J�L�R�Q���E�H�W�Z�H�H�Q���D���Y�H�U�W�L�F�D�O���S�R�Z�H�U���G�L�R�G�H���D�Q�G��
�W�K�H���P�H�W�D�O���V�X�E�V�W�U�D�W�H�����/�H�I�W�����S�K�R�W�R�J�U�D�S�K�����F�H�Q�W�H�U���D�Q�G���U�L�J�K�W�����6�(�0����

�'�X�P�P�\�����'���D�V�V�H�P�E�O�\���R�I���P�D�W�U�L�F�H�V���R�I���Y�H�U�W�L�F�D�O���S�R�Z�H�U���W�U�D�Q�V�L�V�W�R�U�V��
�D�Q�G���Y�H�U�W�L�F�D�O���S�R�Z�H�U���G�L�R�G�H�V�����,�Q�V�H�W�����=�R�R�P���R�Q���W�K�H���H�O�H�F�W�U�L�F�D�O���L�Q�W�H�U��
�F�R�Q�Q�H�F�W�L�R�Q���I�U�D�P�H

FURTHER READING
a)N. Rouger, J. Widiez, L. Benaissa, B. Imbert, P. Gondcharton, B. 
Letowski, JC. Crebier, «3D Packaging for vertical power devices», 
CIPS 2014. Nurnberg, GERMANY, Feb 2014.

b)N. Rouger, L. Benaissa, J.Widiez, B.Imbert, V. Gaude, S. Verrun, 
JC. Crébier, «True 3D Packaging Solution for Stacked Vertical Power 
Devices».IEEE ISPSD 2013. May 2013 - Kanazawa JPN
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Resonant power converters for contactless 
energy transfer systems

CONTACTS��
Gérard Meunier
�*�H�U�D�U�G���0�H�X�Q�L�H�U�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

Jean-Paul Ferrieux
�-�H�D�Q���3�D�X�O���)�H�U�U�L�H�X�[�#�J���H�O�D�E���J�U�H�Q�R�E�O�H���L�Q�S���I�U

�'�&���'�&���V�H�U�L�H�V���V�H�U�L�H�V���U�H�V�R�Q�D�Q�W���F�R�Q�Y�H�U�W�H�U��
�I�R�U���(�O�H�F�W�U�L�F���9�H�K�L�F�O�H���E�D�W�W�H�U�\���F�K�D�U�J�H�U���������N�:��

EP

�5�R�W�D�W�L�Q�J���F�R�Q�W�D�F�W�O�H�V�V��
�L�Q�G�X�F�W�L�Y�H���W�U�D�Q�V�I�R�U�P�H�U

�&�R�Q�W�D�F�W�O�H�V�V���H�Q�H�U�J�\���W�U�D�Q�V�I�H�U���V�\�V�W�H�P�V���L�Q�Y�R�O�Y�H���O�D�U�J�H���D�L�U���J�D�S���W�U�D�Q�V�I�R�U�P�H�U�V��

�Z�L�W�K���P�D�J�Q�H�W�L�F���F�R�U�H�����7�R���G�H�V�L�J�Q���W�K�H���Z�K�R�O�H���V�\�V�W�H�P�����L�W���L�V���Q�H�F�H�V�V�D�U�\���W�R��

�F�R�Q�V�L�G�H�U���W�K�H���L�Q�I�O�X�H�Q�F�H���R�I���L�Q�G�X�F�W�L�Y�H���S�D�U�D�P�H�W�H�U�V���R�Q���H�O�H�F�W�U�L�F�D�O���P�D�J�Q�L�W�X�G�H�V��

�D�Q�G���W�K�H���F�R�Q�Y�H�U�W�H�U���Z�K�L�F�K���V�X�S�S�O�L�H�V���W�K�L�V���P�D�J�Q�H�W�L�F���G�H�Y�L�F�H�����,�Q�G�H�H�G�����W�K�L�V���N�L�Q�G���R�I��

�P�D�J�Q�H�W�L�F���G�H�Y�L�F�H���K�D�V���D���O�D�U�J�H���O�H�D�N�D�J�H���L�Q�G�X�F�W�D�Q�F�H���D�Q�G���D���V�P�D�O�O���P�D�J�Q�H�W�L�]�L�Q�J��

�L�Q�G�X�F�W�D�Q�F�H�����7�K�H�U�H�I�R�U�H�����W�R���W�U�D�Q�V�I�H�U���W�K�H���G�H�V�L�U�H�G���S�R�Z�H�U�����W�K�H���W�U�D�Q�V�I�R�U�P�H�U��

�Q�H�H�G�V���L�P�S�R�U�W�D�Q�W���U�H�D�F�W�L�Y�H���S�R�Z�H�U���W�R���P�D�J�Q�H�W�L�]�H���W�K�H���P�D�J�Q�H�W�L�F���F�R�U�H���D�Q�G���W�R��

�S�U�R�Y�L�G�H���O�H�D�N�D�J�H���I�O�X�[�����/�L�N�H���L�Q�G�X�F�W�L�Y�H���S�D�U�D�P�H�W�H�U�V���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���R�Q�O�\��

�Z�K�H�Q���J�H�R�P�H�W�U�\���L�V���N�Q�R�Z�Q�����V�L�]�L�Q�J���K�D�V���W�R���E�H���L�W�H�U�D�W�L�Y�H�����0�R�U�H�R�Y�H�U�����U�H�V�R�Q�D�Q�W��
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Resonant power converters dedicated to contactless energy transfer have to fulfill some criteria as efficiency, cost, 
weight, volume, and finally electromagnetic compatibility. Although these systems are composed of two distinct 
elements, a converter and a resonant cell comprising a magnetic coupler and capacitors, these elements can’t 
be separately designed. This research relates to various applications such as aeronautic applications and battery 
chargers for electric vehicles or submarine robots.
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