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Commutateurs MEMS et accordeurs d'impédance intégrés LTCC pour amplificateurs
programmables sur site

Ehsan FALLAH NIA

RESUME

La conception d'un amplificateur micro-ondes programmable sur site (FPMA), objectif
principal de cette thése, répond au besoin des systémes de communication sans fil de disposer
de circuits reprogrammables matériellement sans circuits redondants. Ces circuits doivent
pouvoir fonctionner dans des bandes de fréquences larges tout en conservant un encombrement
minimal. Pour atteindre ces objectifs, un nouveau procédé de fabrication utilisant les
technologies de céramique cocuite a basse température (LTCC) et de systémes
microélectromécaniques (RF-MEMS) a été développé. Ce procédé monolithique permet de
fabriquer des dispositifs MEMS sur des substrats LTCC fonctionnels. L'exploitation des
fonctionnalités des LTCC et la possibilité de fabriquer et d'aligner des circuits MEMS sur des
circuits RF et DC intégrés dans les LTCC ont ouvert la voie a une nouvelle conception
d'amplificateurs micro-ondes reconfigurables. A cette fin, et pour démontrer la faisabilité du
procédé présenté, deux conceptions pour les bandes basses (3-5 GHz) et hautes (5-8 GHz) sont
proposées. Grace a de nouvelles conceptions monolithiques, des accordeurs d'impédance
DMTL intégrés sont fabriqués simultanément avec des composants MEMS de surface et un
renifleur intégré, afin de former un amplificateur micro-ondes reconfigurable. Le FPMA est
fabriqué en cascade : des réflectometres intégrés sont placés a lI'entrée du DMTL pour détecter
le gamma d'entrée approprié du transistor et lui envoyer les données afin de choisir la meilleure
combinaison de commutation pour l'adaptation de fréquence sur toute la bande. Les modules
fabriqués permettent l'adaptation d'impédance avec un gain d'entrée maximal tout en
minimisant les pertes dues au diélectrique et aux conducteurs. Les conceptions proposées
permettent une adaptation d'impédance continue grace a l'interaction entre le DMTL et les
renifleurs intégrés, tout en maintenant un encombrement total du module aussi réduit que
possible par rapport aux travaux disponibles dans la littérature.

Mots clés : RE-MEMS, procédé monolithique, LTCC, réflectomeétre renifleur, DMTL,
amplificateur reconfigurable



LTCC-Integrated MEMS Switches and Impedance Tuners for Field Programmable
Amplifiers

Ehsan FALLAH NIA

ABSTRACT

Designing a Field Programmable Microwave amplifier (FPMA) as the main objective of the
present thesis is derived from the need in wireless communication systems to have circuits
which are able to be reprogrammed in hardware without redundant circuits. Such circuits
should be able to operate in wide-band frequency ranges while their total footprints kept as
small as possible. To realize these objectives, a novel fabrication process using Low
Temperature Co-Fired Ceramic (LTCC) and RF-MEMS (Microelectromechanical systems)
technologies is developed as a published paper which uses a monolithic process to fabricate
MEMS devices on top of functional LTCC substrates. Leveraging the functionality of LTCC
and being able to fabricate and align MEMS circuit on top of embedded RF and DC circuits
inside the LTCC, opened a path to provide a new design for reconfigurable microwave
amplifiers. To this end, and to demonstrate the capability of the presented process, two design
for low (3-5 GHz) and high bands (5-8 GHz) are proposed. Using the novel monolithic designs,
embedded DMTL impedance tuners are fabricated in a simultaneous process with surface
MEMS devices and an embedded sniffer to have a reconfigurable microwave amplifier.
Designed FPMA is fabricated in a cascade form where embedded reflectometers are placed at
the input of DMTL to detect proper input gamma of the transistor and send the data to DMTL
to choose the best switching combination for frequency matching over the entire band.
Fabricated modules are able to do the impedance matching with maximum input gain
considering minimum losses that are derived from dielectric and conductors. Proposed designs
are able to continuously do the impedance matching using the interaction between DMTL and
embedded sniffers while total footprint of the module is kept as small as possible compared to
the available works in the literature.

Keywords: RF-MEMS, Monolithic process, LTCC, sniffer reflectometer, DMTL,
reconfigurable amplifier
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INTRODUCTION

0.1 Background and motivation

The increasing demand for reconfigurable and adaptive microwave systems in communication,
sensing, and defense applications has driven the development of tunable RF front-ends.
Traditional fixed-design microwave amplifiers are limited in handling variations in load
impedance, frequency spectrum, and environmental conditions. This limitation motivates the
need for Field-Programmable Microwave Amplifiers (FPMA) that can dynamically adapt to
operating conditions in real-time. There are several works on implementing FPMA using
semiconductor switches, but limited bandwidth is achievable.

RF MEMS (Micro-Electro-Mechanical Systems) technology has emerged as a promising
solution for implementing highly linear, low-loss, and reconfigurable microwave circuits. In
particular, Distributed MEMS Transmission Line (DMTL) tuners offer wide tuning ranges
with excellent power handling. Different substrates and packaging technologies with silicon-
based, glass and quartz materials are reported for DMTL matching network designs to be
implemented on FPMA. Meanwhile, Low Temperature Co-Fired Ceramic (LTCC) technology
provides a compact, multilayer substrate platform that allows RF and DC lines to be buried,
reducing parasitics, improving reliability, and enabling heterogeneous integration.

The combination of LTCC substrates with MEMS devices on top creates a powerful platform
for realizing compact and functional microwave subsystems.

In this work, LTCC is used not only as a packaging medium but also as a functional substrate,
embedding bias networks, RF distribution, and sensing elements directly into the multilayer

ceramic.

0.2 Problem statement

Despite significant advances in implementing FPMAs, the integration of real-time adaptive
matching within microwave amplifiers remains a challenge. Current solutions face several

limitations:



e RF semiconductor switches suffer from high power consumption, more losses and
larger footprints.
o Conventional tuners are bulky and difficult to embed in compact amplifier modules.
o Adaptive matching techniques often rely on external circuitry, increasing complexity
and power consumption.
There is a clear need for a compact, embedded, and intelligent tuning solution that can
dynamically adjust amplifier input matching without degrading RF performance.
This thesis addresses the problem by developing a field-programmable microwave amplifier
architecture that leverages MEMS DMTL tuners fabricated on LTCC substrates. The LTCC
not only hosts the RF and DC lines but also incorporates a buried sniffer circuit capable of
measuring input impedance in real time. This feedback mechanism enables the tuner to

automatically adjust and achieve optimal input matching for the amplifier.

0.3 Thesis objectives

The primary objective of this thesis is to design, fabricate, and demonstrate a field-
programmable microwave amplifier using MEMS-based DMTL tuners integrated with LTCC
technology. The specific goals are:
1. Design of MEMS DMTL Tuners
o Develop MEMS-based distributed transmission line tuners with wide tuning
range and low insertion loss.
2. Integration with LTCC Substrate
o Utilize LTCC as a functional substrate to embed RF and DC bias lines,
minimizing parasitics and improving reliability.
3. Development of Buried Sniffer Circuits
o Design and implement a sniffer circuit in LTCC to measure input impedance
and provide real-time feedback.
4. Implementation of Adaptive Matching
o Demonstrate automatic reconfiguration of the amplifier’s input matching using

MEMS DMTL tuning.



5.

0.4

Experimental Validation
o Fabricate and characterize the integrated system, verifying performance

improvements in terms of gain, matching, and reconfigurability.

Thesis organization

The thesis format is organized as a paper-based thesis that includes four papers which address

different aspects of MEMS and LTCC integration and the final goal of the thesis to implement

the FPMA using monolithic LTCC-MEMS process. there are six chapters including the

literature survey, four published/submitted papers following the conclusion of the thesis and

are as follows:

Chapter 1 introduces the background, and related works.

Chapter 2 presents a paper published in IEEE JMEMS: “A Monolithic LTCC-MEMS
Microfabrication Process”

Chapter 3 presents a paper published in MDPI Micromachines: “Ceramics for
Microelectromechanical Systems Applications: A Review”

Chapter 4 presents a paper published in IEEE SENSORS conference: “Compact LTCC-
Integrated Fully Decoupled Biasing for Wireless Sensors”.

Chapter 5 presents a paper to be submitted to [IEEE MTT journal: “Field
Programmable Frequency Agile Microwave Amplifier Using LTCC-MEMS
Process”.

Chapter 6 concludes the thesis, summarizing the main contributions and outlining

potential directions for future research.



CHAPTER 1

LITERATURE REVIEW

1.1 Introduction

The development of modern microwave systems has increasingly gained weight toward
reconfigurability as a requirement for next-generation wireless communication, radar, and
sensing systems. Conventional non-reconfigurable wireless systems, while adequate in
narrowband applications, are limited when operating in wideband applications or under
varying load conditions. To this end, comprehensive research on tunable and reconfigurable
subsystems, specially in impedance matching networks and specifically for amplifiers, where

performance is highly dependent on load and source conditions has been done.

To illustrate the present work, this chapter illustrates reviews of essential key units and their
related context that enable field-programmable microwave amplifiers. Present chapter is
organized as follow : (i) reconfigurable Radio Frequency (RF) and microwave system as the
big picture to have an understanding as system level overview, (ii) then it is more focused on
reconfigurable amplifiers and afterwards (iii) conventional matching techniques for different
types of amplifiers are studied and then (iv) the need for a novel technology as Micro
Electromechanical Systems (MEMS) and RF-MEMS switches and their role in reconfigurable
tuners are explained. (v) RF-MEMS impedance tuners and their different architectures are
explained with their advantage and disadvantages to narrow the path for the main goal of this
work. (vi) integration between microwave amplifiers and RF-MEMS tuners are explained and
based on the shortcomings that exists in the literature, (vii) a functional multi-layer layer
substrate as LTCC is introduced to implement the reconfigurable microwave amplifier as a

compact monolithically fabricated module.



1.2 Reconfigurable and adaptive microwave systems

In the past decades, reconfigurable microwave systems have gained weight, based on the
growing demands for modern wireless communication, radar, and sensing applications. Unlike
conventional circuits that are limited to a fixed hardware design, these systems can actively
adjust their hardware functionality like: operating frequency range, bandwidth, gain, or
linearity—in real time. This flexibility allows them to adapt a variety of applications or any
system requirements (Sang et al., 2023). Such adaptability is indeed important for microwave
systems that require multi-standard communication, dynamic spectrum access, and cognitive
radio, where a single device often must handle several frequency bands efficiently. Among the
reconfigurable microwave systems, antennas, filters, phase shifters and most importantly
amplifiers are essential units in a front-end receiver or transmitter chain. In order to implement
such systems, researchers have explored a variety of techniques and technologies to achieve

this level of reconfigurability:

e Semiconductor switches: By using PIN diodes, varactors, or FET switches as
common RF switches to switch quickly between different bands. Their main drawback
is that they consume considerable power and can add unwanted losses and nonlinear

effects (Nguyen et al., 2023).

o Material-based tuning: taking advantages of materials properties whose dielectric
values can change under any voltage biasing, or their shape affect the path of an RF
line. Examples include liquid metals, liquid crystals, or phase-change materials (Martin

et al., 2002).

e RF MEMS devices: MEMS devices and sub-systems are growing in past decades for
wireless communication and offer excellent linearity and very low signal loss, which
makes them attractive for high-performance microwave systems. On the other hand,
the disadvantages are that they still face challenges such as packaging issues and

delicacy for harsh environments and are sensitive to mechanical and thermal stresses.



Although in recent years there are huge improvements to address these issues, and they

illustrate promising performance (McFeetors & Okoniewski, 2004).

1.2.1 Front-ends amplifier architectures

As it is mentioned in the previous section, an essential part in a front-end receiver or transmitter
is microwave amplifiers (Figure 1.1). Two of them that are critical units, are power amplifiers
in transmitters and low noise amplifiers in receivers.

e Power Amplifiers (PAs): Reconfigurable power amplifiers offer the ability to adapt
output power, efficiency, and linearity, all of which are key for supporting high data-
rate communication while managing energy consumption. Solutions such as tunable
matching networks, implemented with varactors or MEMS switches, have shown
strong potential in sustaining optimal performance across wide frequency bands.

e Low-Noise Amplifiers (LNAs): LNAs enable multi-band operation, which plays a key
role in improving receiv