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Embedded Power
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Packaging related loss    
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VR for Desktop 

12 Phase VR for 
CPU and iGPU
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Voltage Regulator
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Inductor

Cin

3-D Point-of-Load

Ref. : S. Ji, D. Reusch, and F. C. Lee, “High frequency high power density 3D integrated Gallium Nitride based point of load module,” ECCE 
,2012.

20A, 5MHz

1100W/in3

Dr.MOS

Inductor embedded into PCB



3-D Integrated Point-of-Load

Ref. : S. Ji, D. Reusch, and F. C. Lee, “High frequency high power density 3D integrated Gallium Nitride based point of load module,” ECCE 
,2012.

Cin Dr.MOS

Microprocessor
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IDC =4A
BDC (T)

Non-uniform Flux Distribution 

DC Flux
10A 15A 20A

AC Flux (iAC=50% IDC)
BAC (T)



Magnetic Property 
of NEC’s Materials

Heat Treatment 10umFlake AlignmentMetal Flake
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IDC=15A

d =1.8 mm

5.0

8.0

 Cancelling 
DC flux.

 Increasing 
permeability.

 Reducing 
core volume.

0

10

20

30

40

50

0 1000 2000 3000 4000 5000

HDC (A/m)

r

22 r

34 r

HDC (A/m)

11 r

DC Flux Cancellation

d =0.4 mm

Inverse Coupled



5 MHz with IR
3D Integrated POL 

Ref. : S. Ji, D. Reusch, and F. C. Lee, “High frequency high power density 3D integrated Gallium Nitride based point of load module,” ECCE ,2012.

Ref. : Y. Su, Q. Li, and F. C. Lee, “Design and Evaluation of High Frequency LTCC Inductor Substrate for 3-Dimension Integrated DC/DC Converter ,” 
IEEE Trans. Power Electron., 2012.
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5 MHz with IR GaN

Ref. : S. Ji, D. Reusch, and F. C. Lee, “High frequency high power density 3D integrated Gallium Nitride based point of load module,” ECCE ,2012.

Ref. : Y. Su, Q. Li, and F. C. Lee, “Design and Evaluation of High Frequency LTCC Inductor Substrate for 3-Dimension Integrated DC/DC Converter ,” 
IEEE Trans. Power Electron., 2012.
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LLC Converter

400V/12V, 1KW  @100KHz

Termination
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Major Losses



12V/83A

 8 sets of transformers

- Eliminating termination losses

 8 sets of SR

- Reducing winding losses 
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L
o
ss

 (
W

)

Core

Transformer losses breakdown

60% 40%

Reducing Losses

Cr Lr N:1:1VIN

Q1

Q2

SR2

VO

SR1

RL

Lm

+

_

16:1:1 12V/83A

SR

100%



1 core, 6 Transformer windings

 8 sets of transformers windings
sharing one core

 8 sets of SR to reduce 
conduction losses

- Reducing winding losses 
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The Alternative

8 Transformers



Magnetic Integration 

Primary in series
Secondary in parallel
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2 cores become 1core
Winding length is reduced
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Core

Two Transformers 
in one Core

 SR are mounted
on the Sec winding
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SR1 SR3Cap Cap
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losses
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Shield

Shield

Pri1
Pri2

Sec1

Sec2

*

*

*

*

Lr1

Lm1

*

*

*

*

*

*

Lr2

Lm2

SR1

SR2

SR3

SR4

SR5

SR6

SR7

SR8

A

B

A’

B’

Shield

10
6

10
7

60

70

80

90

100

110

120

130

140

W/O Shielding

With 
Shielding

23dB

Frequency (Hz)

C
M

 N
o

is
e 

(d
B

µ
V

)

6 layers PCB

Further ImprovementShielding 
for CM Noise Reduction

AB

Sec

US patent

EMI Shielding



Matrix Transformer  
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4160V

Server Hall 1

480V/277V 

Server Hall 3

60Hz 
Transformer
4160V/480V
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Proposed DC Data Center 
Architecture 
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Automated Manufacturing

Non-recurrent 
Engineering 
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