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 Microprocessors consuming power in the range of kW with low
voltage and high current need high performance voltage regulators

Background & Motivation

LEGO Point-of-Load Architecture – N Modules
 Scalable and modular LEGO-PoL with automatic voltage and current sharing  Vertical power delivery

0

1

2

3

4

5

  

C
or

e 
P

ow
er

 D
en

si
ty

 [
W

/m
m

2 ]

6

7

1000 100 10 1

4.5 W/mm2

2.6 W/mm2

1.8 W/mm2

1.1 W/mm2

0.2 W/mm2

0

100

200

300

400

500

600

D
ie A

rea [m
m

2]

700

390 mm2

280 mm2

200 mm2

600 mm2

Process Node/Geometry [nm]

 
 

 

Rack Level 48V
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48V

Challenge
- High step down

- High current

- High power density

48V Power Delivery

LEGO Point-of-Load Architecture – Basic Module

CF1 & CF2 with LBUCK

CR1 & CF1 with LR1

LEGO
Linear
Extendable
Group
Operated

Vertical Power Delivery & Four Phase Coupled Inductor

Capacitor Soft Charging

Automatic Current Sharing

Automatic Voltage Balancing

Test condition
N=3, Vin=48V, unbalanced initial capacitor voltage

 Custom vertical four-phase coupled inductor

[Intel PowerVia] [Tesla Dojo]

- Reduced power delivery loss
- More area for signal routing (Multiple processors)

Benefits of Multiphase Coupling
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Further Reading

48 V-1 V/780 A Vertical Stacked LEGO-PoL Prototype & Experimental Results

Journal
Paper

* Disclaimer: The numbers used for the performance comparison 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.
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