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Moore’s Law
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NV40

GF100

GV100
>600A @ <1V

600 cores

GPU
CPU

1V @ 25,000 A Power Per Server Rack > 25 KW

Xeon W-3175

Significant Challenge for VR Design

Beyond Moore’s Law
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Generation 1: Data Center Power Architecture
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Datacenter will consume 10% of electricity by 2020 
1% energy saving  3 nuclear power plants (each @ 1GW) 

Server  rack power supplies
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Data Center Rack

12 V Bus Ba

Voltage Regulators
>25,000A @ 1V

>2000A
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Generation 2: Data Center Power Architecture

480 AC/ 277V AC
V AC

DC / DCAC / DC

VR

VR

UPS

Generation 1

X
PDU

X

48VDC

DC/ DC

Server Power
@ 3KW

AC/DC

VR

VR

VR

UPSEfficiency. =

480 AC/ 277V AC

PDU

277V AC

220VAC

Generation 2
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Energy saving equivalent to 27 nuclear power plants (each @ 1GW) = 2.5 三峽
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VICOR’s Two-Stage (2012)

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)

Multi-Phase VR

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

4:1 Capacitor 
Voltage Divider

Eff= 98%  
PD = 1050 W/in3

[6] Julu Sun , “Investigation of Alternative Power Architecture for CPU Voltage Regulators”, PhD Dissertation, Virginia Tech, 2008
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Google’s STC Two-Stage (2016)

Vin

• Zero Current Switching Operation

• Sensitive to component tolerances

VBus

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

Efficiency = 98.6%

Power Density≈250 W/in2

48/12V – 650W

• Not easily extendable to lower bus voltage
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Google Proposed  48V Power Architecture
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Alternative #1:  Two-Stage 48V VRM
LLC DCX Multi-Phase Buck

Second Stage

6V

1.x V

6V or 12V

Simple, Scalable, High BW Control

40=60V
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CPES Prototypes for 48V VRs

4:1
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TR3TR4

8:1 DCX
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4:1 DCX

48V/12V -900W 48V/6V - 900W
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Comparison of 48V/12V Converter
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Comparison: 48V/12V v.s. 48V/6V
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Switch Capacitor Voltage Divider

12V

48V to 6V:

48V 6V

48V to 12 V

48V

Too complicate, not practical
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Alternative # 2: Sigma Converter
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More efficient power conversion comparing to two-stage

Vo = 1.3 – 1.85 V

DCX
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Operation Regions for Sigma Converter
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LLC Gain Requirements For Wide Range Operation
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Sigma VRM Experimental Results

Fs = Fo Fs > Fo

Fs < Fo

Soft Switching Operation in All Conditions

Fs = Fo
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Integrated Inductors and Transformers
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Sigma Converter Hardware Prototype

Buck
6 Transformers 

Inductor

Vin = 40 – 60 V Vo = 1.3 – 1.85 V Io ≈ 120A

 ZVS Operation
 Power Density > 700W/in3
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Wide Range 48V VRM Design Example

LLC converter serves as a variable gain DCX

Buck converter for regulating output voltage

Vin = 40 – 60 V
Vo = 1.3 – 1.85 V
Io ≈ 120A

700W/in3
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Generation 2: Data Center Power Architecture
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*“Magnetic interleaved device and power conversion circuit." US patent application, US 2016/0254756 A1** “Super Efficiency Rectifier Module R4850S " Huawei, 2014.

• Switching frequency 100 kHz
• Power Density 40.8 W/in3

• Peak efficiency ~ 99%

Huawei:  3KW Three-Phase Interleaved LLC
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CPES Version 1
Primary Y Secondary in Parallel

• Switching frequency 1MHz using GaN
• Shielding  to reduce the CM noise

(∆-connection for Cr)

4 : 2

4:1

4:1

VIN 48V
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Integrated Magnetics (3L & 3T)
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CPES Version 1
Primary Y Secondary in Parallel
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Issue1: Unwanted 3rd Harmonics Current
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Improved Topologies

Integration of 3 Transformers &  3 Inductors

(∆-connection for Cr)
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380V Bus
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Next Generation Data Center
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Generation 3 Data Center 
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Server Hall 1

SST2

Server Hall 2

SST3

Server Hall 3

13.8KV utility Service

98%

SST
380VDC

13.8KV
3-Phase 

VR
VR

VR

92% 90%

DC / DC

Truly Modular and Scalable Data Center 
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380VDC13.8KVAC

Solid-State Transformer

SST

200 KHz @ 98.5%
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CPES Research Collaborators
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