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for Power Conversion

Hoa Thanh Le & %, o Mizushima ¢, Peter Torben Tang ¢, Ziwei Ouyang®, Arnold Knott?,
Flemming Jensen ¢, Anpan Han?

a Danchip, ® DTU Elektro Tech. Uni. Denmark, < IPU, Kgs. Lyngby, Denmark.

e-mail: anph@dtu.dk

A 6+ Q.[Se

f(x+Ax)= 2 (Ax) 8 {2.7182818284

X
DTU Danchip Z’ ,



mailto:hoalet@dtu.dk

PwrSoC Inductor

d CMOS-compatible
Q Small footprint (~ 1-2 mm?)

d High frequency (30-300 MHz)

= Losses caused by eddy current effects
= Electromagnetic inteference (EMI)
= Q>10, 1-100 nH, 1-2A
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2D & 3D inductor for PwrSoc
Spiral
Solenoid
Toroid for low EMI
Transformer
Universal core geometry

Custom inductor design
TSV & footprint

CMOS compatible
Robust
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J,(x,y) at 100 MHz

Inductor Modeling =
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Modeling Results

Inductance (nH)
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Comparison of calculated and simulated results. (a) Q, L and (b) R,c versus frequency.
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Inductor Design Guideline
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Inductor : Optimal : Mask

Inputs —> ) Fabrication ——>  Device
P >/ model geometry design -/
— : S—
1
1
1
- : - Resonan:ff;equency
Q ’ L, RAC ; Ny fRS , Slze : | Soadiction Fabrication
I limits
1
: Parasitic Equivalent Q- factor
1 capacitance circuit
I Resonant tank  --------=-1
: i —> Compare —>» Denension ——  Final design
1 range
i Buck converter —————» R(::lt;::)e A, Tempe(r;:;;re rse
> A
X 5 Variables: N, R, R/Ro, tc,
Skin effect =~ —o—d Winding loss : Efficiency | winding gap, substrate gap
(Py) l (fa)
PrOXimity effect =---s--s-sseeseeseueueensd ! Substrate loss
: (Py)
Auto generated masks by a fully- ;
parameterized Matlab script Winding i
optimization for
low Rac
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Fabrication Process

ol

Deposition of Aluminum
Oxide (Al,O5)

o I

Photolithography + Al,O5
etching

G HEENIE

DRIE etching + mask
stripping

0 I

Copper electroplating
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Cu TSVs (Si wafer removed - KOH)
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Fabrication Process
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Copper wet etching

T 0

Photolithography + Al,O5
etching
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Inductor releasing

Air-core toroidal inductor
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Fabrication Results

Toroidal inductor

"DTU” inductor
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Fabrication Results
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Characterization

Preliminary results
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Toroidal inductor is wire-

bonded on PCB test board
(N=20, R,=1 mm, R;=0.5 mm)
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Temperature Rise
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Design of 100 MHz Class E Inverter
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Conclusion

] Inductor Modeling
- f'dependent I—internall RAC
" COMSOL
" Design guideline

] Fabrication Process
" CMOS-compatible
" Cu-Si robust
m 2D & 3D air-core inductors
" Through-Si Vias
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] Customized Inductor
" Number of turns
" Inner & outer radius
® Specs

J Future Works

B Test on SMPS

Packaging
Magnetics
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