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Server Power Architecture Develops towards +400V(800V) pcim
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Trend of Sidecar Rack Power
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» High Power Density » High Efficiency
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Comparison the Different Multilevel Topologies
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> The Influence of Multilevel Converter
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Comparison the Different Multilevel Topologies pcim
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* Zhao, W., T. Huang and X. Wu, Three Phase PFC Converter With Multilevel Inductive Switching Network. TPEL, 2023. 6
* Zhao, W., T. Huang and X. Wu, Control Strategies and Design Guideline for Single Phase MISN PFC Converter. TIE, 2025.



Operating Principle of Diode-Based MISN Converter (Unregulated) PCIm
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» Diode-Based MISN-PFC Converter
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Regulated DC Bus Voltage for MISN Converter
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The DC Bus Voltage is Positively Correlated with
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The Increased MISN Capacitors’ Volume due to Large Output Voltage pcim
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» Charing Mode of MISN Module
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» Mathematical model for
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Reduce Volt-second of MISN Module by 3-level LF-bridge pcim
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Loss Model for MISN Module (Parameters: N, f, Vgg) pcim
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» The Loss Distribution at 10kW 800V ;. » Minimum Loss Model of MISN Module (GaN)
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The Limitation for f based on the Projected Loss pcim

ASIA SHANGHAI

> P Lossmin = [ (N ofs VBR) » The Limitation for fs

0‘.8 “\ VBR == ZOOV

P loss.min (%)

0
0) 3 4 5 6 7 8
N,
1 Ploss exp 2
N, Vgg) = ( ' )
fs( o BR) ktempkdyn(kswlinNFOMsw+NFOMOSS) 4Ug.1:gtallin

c.total —

Nc . VBR = Uvauey = \/EUAsina 13



Volume Optimization for 0.4% Loss Limit I?CSITT(!
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Hardware Implementation
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» Schematic Diagram
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Power Density: 400W/in? (~25kW/L)
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The Waveforms of Currents at Full-load

» Three—phase Inductor Currents
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The Waveforms of AC-side Voltages and MISN Voltage Stress pcim
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Efficiency for the Designed MISN Converter pcim
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Comparison for different schematics in the aspects of
components’ volumes and full load efficiencies.
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Summary pcim
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» To address the issue of reduced power density in three-phase MISN converters under a high DC bus voltage,
the impact of bus voltage on the buffer energy of the MISN was modeled and analyzed. This revealed the
critical influence of the line-frequency rectifier bridge on the MISN capacitor size.

» A topology optimization method was proposed using a T-type three-level line-frequency rectifier bridge.
Compared to a two-level design, this reduced the required MISN capacitor volume by 75% at a 800V bus
voltage.

» For the multi-variable optimization challenge of the MISN converter, a minimum loss model and a volume
model for key components were established. A hierarchical optimization design method was subsequently

proposed to fully exploit the potential for efficiency and power density.

» A prototype was built and tested with 800V DC bus. It achieved a power density of 400W/in? and a peak
efficiency of 99.2%.

Thanks!
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The Principle for MISN Voltage Control pcim
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Three-loop Control Strategy for MISN-PFC pcim
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» The Control Strategy of Phase-A
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