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The optimization variables are x = [w I, I, s]', keeping fixed the
preassigned parametersy=[H t n ¢ p otand]".

0. ABSTRACT 3. FINE MODEL (PSI-3D)

In Fig. 5, we display the relative error of Ri(x;) = [L,c R,c]" along
the 8 PSI-3D runs; we meet the desired target response
described by (1) and (2) with an error tolerance smaller than

This paper addresses the implementation of a computationally
efficient optimization technique for designing structures

The inductor is contained inside a boundary box at least three
times taller than the total substrate height plus the inductor

simulated in 3D electromagnetic field solvers. A probe of
concept is done by the EM-based optimization of a planar spiral
inductor for high-power applications. The optimization
technigue employed is based on space mapping (SM) methods,
more specifically on the Broyden-based input space mapping

and the reference plane, and two times wider and larger than
the spiral inductor structure, such that the electromagnetic
fields in the structure do not interact with the enclosing box

(Fig. 2).

The inductance value of interest is measured at 13.5 MHz, while

5x1073 in 8 fine model simulations.

Optimize coarse model:

algorithm. Our optimization results confirm the efficiency of

X, = arg min x, U(R.(x.))
the proposed approach. -

the resonance frequency f, is expected to happen at around 90
MHz.

Choose the coarse optimal
solution as a starting point
for the fine model
Xr — xc*

Table Il summarizes the parameters obtained in our PSI-3D
simulation vs. those reported from the simulation in [2]

1. INTRODUCTION

Aiming at developing a practical tool for the design +

o L ~ T Evaluate fine model response Ry(xy):
optimization of such large circuits, in this paper we propose, as , _ ,
a proof of concept, a computationally efficient automated Modity *.spd file to mclude x;
approach to optimize the geometry of spiral inductors Launch PSI-3D Rl
simulated in Cadence® Sigrity™ PowerSI® 3D EM (PSI-3D) [1]. Extract Ry impedance from
We first describe the spiral structure of interest [2]. Then, we Touchstone file
implement the selected spiral inductor in PSI-3D, comparing +
our simulation results with those in [2]. The resultant PSI-3D Parameter extraction:
model, which is highly accurate but computationally expensive, Fmnd x, such that
is taken as our fine model in the context of space mapping : E R.(x.) = Rdxy)
optimization [3]. Next, we implement the same inductor in a e L yes
high-frequency circuit simulator, which is exploited as a coarse R
model (very fast, but insufficiently accurate). We develop
adequate Matlab drivers for these fine and coarse models.
Finally, we employ the Broyden-based input space mapping
algorithm, better known as aggressive space mapping (ASM)
[4,5], as the selected optimization technique to fine tune the

Update x; using
Broyden’s formula

no

Fig. 2. Implementation of the 1.5 turns spiral inductor in ISSI—3D. end

Fig. 4. Aggressive Space Mapping (ASM) algorithm.
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Evolution of Fine Model Responses with Respect to Targets
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4. COARSE MODEL (APLAC)

2. INDUCTOR STRUCTURE

4 5 6 7 8

In APLAC, we assume the same material properties as well as Iterations

As mentioned before, the selected spiral inductor is intended W= . _ :
the same initial geometrical dimensions as those used for the

for relatively high-power applications [2]. Its main geometrical

Fig. 5. Relative error of the fine model’s L, and R, with respect to

. . - . L fine model (Fig. 3). target.
dimensions are shown in Fig. 1. This inductor has 1.5 turns, it is (Fig. 3) &
built with copper and utilizes 99.5% pure Alumina (Al,O,) as o ot vars e et
substrate material. Its complete dimensions and material Circuit Diagram -] _ (E) = 2.54mm
] . Sweep [Title "splral=a...] (E) TLND = 0.0001
LEVEL = 2
properties are shown in Table I. EveL = 2 6. CONCLUSIONS
T = 0.0304mm
< — » FortZ . . . .
ly=96.5 mm | Our proposed optimization methodology was tested with the
i . Portl Ril . . .
ox SeomerIyvas o - + successful implementation of the ASM method to fine tune the
<o wse i 50 . . .
T L = 96. S _ geometry of the spiral inductor structure using APLAC's
2 = 17Tmm =1 . . . .
“T - 51 = 3.048mn . s equivalent circuit as the coarse model and PowerSI® 3D EM as
- & = i = the fine model. The optimization process achieved desired
@\ B . . pe .
= 58 1 5=51 results for L, and R,. in specific frequency ranges, with a few
= ¢ =13.048 mm T — — iterations of the fine model, while the coarse model required
l > Title "spiral ustrip - Circuit Simulation® more than a hundred of simulations to achieve the desired goal,
LCOOP 141 FREQ LOG 100Hz 1GH=

which are executed in a negligible time.

n=1.5 turns

Show W=0 Mag(Z(1l,1)) Pha(Z(l,
Show W=1 Mag(Z2(1,2)) Pha(Z(l,
Show W=2 Mag(Z(2,1)) Pha(Z(2,
Show W=3 Mag(2(2,2)) Pha(Z(2,
EndSweep

Fig. 1. Spiral Inductor’s dimensions for power applications [2].

TABLE I
SPIRAL INDUCTOR PHYSICAL PARAMETERS

Fig. 3. Implementation of the 1.5 turns spiral inductor in APLAC.
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