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The need of an integrated multi-domain tool
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State of the art CAD Tools

Circuit Level Simulators Magnetic Component Optimization Tools
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Lack of mtegrated de5|gn enwronment for Power
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System Level Analysis and Optimization Tool

Static Spec

3.4mm
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Steady-state and
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Optimal Control
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Example: HI-Side (LV-DC-DC)
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LV DC-DC Optimization Results

Geometry Parameters Name Value
Total area A 3.2 mm?
Number of turns N 4
Core thickness Teore 5.15 um
Core width W... 292.79 um
Core height H. e 75.3 um
Core length Leore 2993.84 um
Copper width W, 45.62 um
Copper thickness T., 35 um
\ertical spacing H.. 15 um
Horizontal spacing W,;, 20 um
s Distance between cores D, 0.35 mm
% //fj/ Electrical Parameters Value
: : "/é/ ' L (analytical) 270 nH
T ; / L (FEA tool) 268 nH
/ // Cap ESR area
hammﬁmﬁumsiaan%..s........_ Cin 300 nF 17.5 mQ 1.5 mm?
Cout 200 nF 11.7 mQ 1 mm?
H RON RON
Width Length (Vee5V) (Vee=3.3V) Iorive
PMOS 12 mm 650 nm 406.7 mQ 530.9 mQ 80 mA
NMOS | piz08mm 401660mmrid | 114.5 mQ 142.4 mQ 80 mA"

N s
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LV DC-DC Optimization Results

r PCMC | REGULAT:ON VIN 3.3 V 5 V
~, l_rvwl?v\_', fow 11.86 MHz| 11.75 MHz
" | | lour = 280 ma_ETficlency | 78.71% | 75.53%
T \= " Prota 90.88 mW | 108.88 mW
lour = 500 MA Efficiency 73.75% 73.59%
Prota 213.56 mW| 215.29 mW
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Evaluation of the Impact of technology

Efficiency of the_system FOM - RDSON 'QG
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Improvement of Si technology has stronger influence at high f,

Atechnology two times better, provides 2 % improvement in the efficiency (@ fy, >12MHz)

N (tech, 12mHz)~ 89%

n (2xtech, lZMHz): 91%
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System Level Optimization electrical performance
Efficiency vs load
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FEA Modeling/Validation of Coupled Inductors

PARAMETERS
Option A: Maxwell 3D simulations ar: :

Total area A, XX mm?
Number of turns N 4

Core thickness Toe 6 um
Core width (Inductor) W 157 um
Core width (Transformer) W_ ., 187 um
Core height H.o 127 pm
Core length Loore 1.00 mm
Copper width W, 50 um
Copper thickness T, 35 um
Vertical spacing H 15 um
Horizontal spacing W, 15 pm
Distance between cores Do 264 um

Material parameters Value

Resistivity core 45 pQ*cm
Relative Permeability core 280
Resistivity copper 1.71 pQ*cm

L Analytical (simple)L Analytical L FEA
Ly = 21.14 nHompren L, = 22.18 nH

L =31.34nHL,, =21.82 L, =43.47 nH

nH PWRS0C 2016 Madrid
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200 MHz Single Inductor (33nH)

Simulation Results

PowerSWIPE L (nH) Core Core Copper Copper DCR Device

ITVs Thickness Length width Thickness (Ohm) Footprint
ITV 2A 33 1.2 um 1.22 mm 72.2 uym 35 um 0.084 2 mm?

ol

33nH

ol

ol

200 MHz

Total converter efficiency 83%0
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100 MHz Coupled Inductors (47nH)

Simulation Results

PowerSWIPE L (nH) Core Core Copper Copper DCR Device
ITVs Thickness Length width Thickness (Ohm) Footprint
ITV 2B 47 Coupled 1.6 um 1.78 mm 50.62 15 um 0.3425 2 mm?
(k=0.4)
Timing PM Timing 90°25%
A ‘[&\g {:j phase 1 generators phase 2 t{'% A
P N A Level ? 4h o h
' Ly L u shifters w%} 3
337 I [ jéjjz ! hif ! %—éﬁ I I 3V
Ty e g P ]
il B <A<,
227 { ;! j% E - . ﬁ gﬁ S } 220
Tm > f) ? :’i] = [i[: ,4ﬁ & Ve IIVT
- ﬂ?g ] # aall

Total converter efficiency 81%6
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100 MHz Coupled Inductors (35nH)
+ Single Inductor (20nH)

Simulation Results

PowerSWIPE Core Core Copper Copper DCR Device
ITVs Thickness Length width Thickness (Ohm) Footprint
ITV 2C 35nH 1.6 um 1.83 mm 75.71 pm 15 um 0.155 2 mm?
Coupled
k=0.8
20 nH 1.6 um 0.78 mm 97 um 35 um 0.053 2 mm?
Timing eiz\rlmors Timing 85'6%
A ) %:j phase 1 9 - phase 2 t:% %%} A
o || B e gL
337 } j% %S :j t: E% Et V
i ﬂﬂ }%ﬁ <ff<f<f
2 ‘[ M )] H 227 90.25%
} j% E il s ﬁ Eﬁ ? 94.8%
THV—@WL} ? :)ﬁ = ﬁ—ﬂ 7? {W]rlu&ﬂﬁur’? | '
= 1T0% g NIl =
204% [ 5 S
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Coupled Inductor Comparison

Comparison single-phase and two-phase dc/dc converter

Inductor L(nH) |Coupling Efficiency Efficiency Total
design factor (magnetics) {[9)) efficiency

ITVZa Single
phase

JA#48 Coupled

JA718 Coupled
+Lout

i CEIUPM

100

100

95,5 % 87,4%
45 ~0.4 90% 90,4%
35+21 >0.8 85.6% 90,4%

(90.25%-94.8%)

PWRSoC 2016 Madrid
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Conclusions

15t Integrated multi-domain
optimization tool for PwrSoC

Physical Design

/ —
Parameter Name Value
/ Total area Ar 3.2 mm? \
PCMC e REGULATION | Number of tums N 4
Y Core thickness T 5.15 um
IY#Y‘\ i Core width W 292.79 um
~Te g Core height Heore 75.3 pum
lsu o |edl Core length Looe 2993.84 um
L ; ’_ Copper width W, 45.62 um
C . .2 i Copper thickness T., 35 um
Sn Vertical spacing H, 15 pm
Horizontal spacing W 20 um
* Distance between
Dege 0.35 mm
r'l*cn(:H REGULATION | cores
4 I L . Electrical Parameters Value
3 — L (analytical) 270 nH
Cn | | Cons \ L (FEA tool) 268 nl /

! T
Minimim LC
requirements

P ) o e
PWRSoC 2016 Madrid Accurate Models(#,
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