Empowering Datacenters: Exploring Three-Phase LLC Con-
verters for Efficient, High Power, and High Density Power Sup-
plies

This study focuses on the relation between topology connection and the overall magnetic loss

in three-phase LLC systems. The distinct advantage of three-phase LLCs over their single-phase
counterparts lies in the
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we scrutinize the perfor-

mance of eight different topologies. The intricate relationship between core loss and winding loss
becomes apparent when exploring A and Y connections. Assuming identical line current, A con-
nection exhibits a 42% reduction in rms current and a 33% increase in volt-second compared to Y
connection.

Drawing comparisons to single-phase volt-second, A connection provides a 30% reduction,
while Y connection achieves a 60% reduction. The primary hardware findings for three-phase
LLC indicate a modest improvement in total magnetic loss due to misselection of topology. The A-
based three-phase LLC simulation results achieve a remarkable 74% reduction in core loss with
no reduction in winding loss, which presents a challenge giving the elevated power level of the
converter and lack of regulation. These challenges emanate from the increased turns ratio in
three-phase setups and the higher number of turns in the matrix configuration.

Addressing these challenges involves reassessment of the winding structure to leverage the
inherently lower winding current in three-phase without compromising transformer size and inte-
grating more leakage to meet hold-up time requirements. Despite these challenges, topology se-
lection remains pivotal for three-phase LLC in datacenters. Topologies 1 and 3 emerge as pre-
ferred choices due to their low winding current, which aligns well with the demands of high-cur-
rent applications. In conclusion, this study underscores the need for innovative solutions to en-
hance winding structures, integrate sufficient leakage, and carefully evaluate the suitability of ITL
for high power applications, with ongoing efforts awaiting conclusive hardware results.



