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- Beyond Moore’s Law
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Power Per Server Rack > 25 KW 1V @ 25,000 A

Significant Challenge for VR Design
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Datacenter will consume 10% of electricity by 2020

1% energy saving = 3 nuclear power plants (each @ 1GW)



Data Center Rack

Voltage Regulators
>25,000A @ 1V
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8,5-'7;—5 Generation 2: Data Center Power Architecture
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< VICOR’s Two-Stage (2012)
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High-Density, High-Efficiency, Not Easily Scalable

M. Salato, “Datacenter power architecture: IBA versus FPA,” inINTELEC, International Telecommunications Energy Conference (Proceedings), 2011, pp. 1-4.
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CPES Switch Capacitor Voltage Divider (2008)
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Voltage Divider Multi-Phase VR

First Stage: High Efficiency and Power Density
Second Stage: Scalable, Low Cost and High BW Control

[6] Julu Sun, “Investigation of Alternative Power Architecture for CPU Voltage Regulators”, PhD Dissertation, Virginia Tech, 2008



Google’'s STC Two-Stage (2016)
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e Sensitive to component tolerances

Efficiency = 98.6%

Y. Li, X. Lyu, D. Cao, S. Jiang, and C. Nan, “A High Efficiency Resonant Switched-Capacitor Converter for Data Center” ECCE 2017

Power Density=250 W/in?
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cres Google Proposed 48V Power Architecture
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A Alternative #1: Two-Stage 48V VRM
~ LLC DCX _ ""\b Ly Multi-Phase Buck
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Simple, Scalable, High BW Control



CPES Prototypes for 48V VRs
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Comparison of 48V/12V Converter
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Higher Efficiency and Power Density Than All Other Solutions



e Comparison: 48V/12V v.s. 48V/6V
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Switch Capacitor Voltage Divider
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Too complicate, not practical




< Alternative # 2: Sigma Converter

LLC DCX with Programable Galn
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More efficient power conversion comparing to two-stage
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Operation Regions for Sigma Converter
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~< LLC Gain Requirements For Wide Range Operation

Operating Regions LLC Gain Characteristics
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Relatively narrow frequency range for required LLC gain
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& Integrated Inductors and Transformers

Secondary Windings
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< Sigma Converter Hardware Prototype
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cres  Wide Range 48V VRM Design Example
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3KW Three-Phase Interleaved LLC
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CPES Version 1

Primary Y Secondary in Parallel
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CPES Shielding for 3-phase LLC
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£= CPES Version 1

CPES Primary Y Secondary in Parallel
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Improved Topologies
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CPES Version 2

Single-Phase | L C Resonant Converter
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Next Generation Data Center

380V DC
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GaN Based Server Power Supplies
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. Generation 3 Data Center
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