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Vertical Stacked 48V-1V 
Voltage Regulator for 
Ultra High Current Microprocessors

Jaeil Baek, Youssef Elasser, and Minjie Chen
Princeton University
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Data Center Power Delivery

Rack Level 12VTraditional Method

12V / 200A

48V

12V-1V 12V-1V12V-1V12V-1V48V-1V 48V-1V 48V-1V 48V-1VDeliver More Power

Reduce Current

48V / 50A

Challenge
- High step down

- High current

- High power density

48V Power Delivery



LEGO Point of Load (LEGO-PoL) Architecture

Coupled Operation

High Power 
Density

High 
Efficiency

High 
Speed



LEGO Point of Load (LEGO-PoL) Architecture
Linearly 
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Vertical Power Delivery
Intel PowerVia

Sources- Intel PowerVia: https://www.youtube.com/watch?v=t6Y41zdO3Pc
- Tesla Dojo: https://www.youtube.com/watch?v=DSw3IwsgNnc

Tesla Dojo

 Reduced power delivery loss

 More area for signal routing
(Multiple processors)

Vertical

Lateral



Custom Four Phase Coupled Inductor

Benefits of Multiphase Coupling

M. Chen and C. R. Sullivan
IEEE Transactions on Power Electronics, vol. 36, no. 12, December 2021

Reduced 
Energy Storage 
Requirements

Lower Phase 
Current 
Ripple

Fast 
Transient 

Speed

Unified Models for Coupled Inductors Applied to Multiphase 
PWM Converters

Further Reading



Assembled Vertical Stacked Prototype

SUBMODULES3

 Three Series 2:1 Switched Capacitor 

48 V  8 V

 Three Parallel Four-Phase Buck

260 A
260 A
260 A

780 A



Assembled Vertical Stacked Prototype

1

2

3

46.5 mm × 16.5 mm × 16.65 mm

Area: 767 mm2

Volume: 0.78 in3

Mechanical Demonstration

Assembled LEGO-PoL Prototype

Height: 6.4 mm
Weight: 17 g 

Switched 
Capacitor

Multiphase 
Buck

Height: 4.2 mm
Weight: 12 g 

Coupled 
Inductors

Height: 6.05 mm
Weight: 11 g 

Output 
Capacitors
42 × 220 µF
X7R, 1206  



Liquid Cooling for 780A Operation






Experimental Results

 91.1% peak efficiency and 79.2% full load (780A) efficiency at 48V to 1V (without gate driving loss)  

Measured Efficiency: 48V to 0.8V-1.5V Performance Comparison

 Very high current area density of 0.59 A/mm2 with fan cooling and 1.00 A/mm2 with liquid cooling  
* Disclaimer: The compared numbers are obtained from published papers as well as datasheets. Power densities are calculated box density based on the information provided in these documents. Refer to the original papers and datasheets.



Summary & Further Works

       

Merged-two-stage
Operation

Automatic 
Voltage Balancing

Current Sharing

Vertical
Power Delivery

1.0 A/mm2

Current density
91.1% peak

efficiency

Liquid 
Cooling

1000 W/in3

Power density

Toward Better Performance

 Reduce  energy storage components

 Advanced packaging techniques

Custom Vertical
Coupled Inductor
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