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Fig. 1. Multilayer organic substrate with 6 metal layers.
MLO manufacturing process is compatible with

standard printed circuit board manufacturing process up to
18inch x 24inch for high volume production. In Fig. 1,
passive devices such as inductors and capacitors are

II. MULTILAYER ORGANIC SUBSTRATES

A cross section of MLO substrate with 6 metal layers is
shown in Fig. 1, which consists of thin organic laminate
and glass reinforced organic prepreg with stable dielectric
constant of 2.9--7.5 and low loss tangent of 0.003 as well
as low moisture absorption, high temperature tolerance,
and low weight suitable for commercial, military, or
aerospace applications [8].

elements available in circuit simulators, which requires
that design optimization must be done at layout for
meeting specifications. Hence, this paper proposes a
closed-loop RF design flow based on a parameterization
set mapping ideal circuits into lossy circuits as well as
physical layouts, which allows designers to optimize
designs under circuit simulation environments that are
close to realistic lossy multilayer substrates.

The paper is organized as follows: section II discusses
the multilayer organic substrate technology; section III
introduces the parameterization of embedded passives and
the parameterized design libraries of embedded passives;
section IV presents a closed-loop RF design flow for OCT
reduction. Section V demonstrates the proposed method
through the design of 2.4GHz bandpass filters followed by
conclusions.
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I. INTRODUCTION

For high-level integration of radio frequency (RF) front­
end modules, system-on-package (SOP) [1] has provided a
prominent solution, which efficiently combines the up-to­
date system-on-chip (SOC) solution with passive
integration technologies such as multilayer organic (MLO)
[2] and multilayer ceramic (MLC) [3] technologies.

Often times, RF designs on multilayer substrates begin
with a circuit schematic consisting of ideal circuit
elements such as inductors and capacitors [4]. In
multilayer configurations, however, it is not a trivial task
to map ideal electrical circuits into physical layouts due to
frequency-dependent and layout-dependent parasitics of
embedded passive devices [5]. For successful integration
of RF designs, parasitics of embedded inductors and
capacitors on multilayer substrates need to be carefully
characterized.

In [6], two-port embedded inductors and capacitors
were parameterized as a simple II model. However, it did
not provide a quality factor in the II model that is useful
for RF designers to make realistic designs. In [7], authors
successfully but partially provided a quality factor
parameterization as well as a parasitic-aware RF design
flow. However, the design flow in [7] is an open-loop
design flow that may increase the design-cycle-time
(OCT). It is because ideal inductors and capacitors are
only mapped into layouts rather than lossy circuit

Abstract - This paper presents an RF design methodology
for reducing the design-cycle-time (DeT) using
parameterization of embedded passive devices on multilayer
organic substrates. Based on parameterized design libraries
of embedded passive devices, designers can easily map ideal
circuits into lossy circuits and physical layouts and use shunt
parasitics of embedded inductors and capacitors, which
results in design cycle time reduction. The proposed method
was demonstrated through design of compact and high­
performance bandpass filters on multilayer organic
substrates by RF design experts and non-experts.
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