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Microelectromechanical Systems (MEMS) are important in diverse ficlds such as
BioMEMS, optical MEMS, and radio frequency MEMS. The low cost, small device size
and high reliability are contributing to successful commercialization in MEMS markets.
However, the miniature device components can generate surface forces that form
undesirable tribological issues between microstructures. The important interfacial forces
arc capillary, molecular Van der Waals forces and clectrostatic force. The uniform
distribution of gold nanoparticles can be used to study ftribological issues in MEMS
devices. Simple methods to control the density control of colloidal gold nanoparticles on
silicon surfaces were investigated. Preliminary work showed that and silicon surfaces

modified with 3-MPTMS solution interact with gold nanoparticles. Atomic force



microscopy (AFM) images support the notion that Si surface modification is the most
important work in this study with ligand modified gold nanoparticles. The examination of
the density control on a silicon surface can be manipulated through control of the
concentration of colloidal gold nanoparticles, deposition time, concentration of 3-
MPTMS solution, and temperature. A relatively high density of gold nanoparticles forms
on the silicon surface if the concentration of gold nanoparticles and 3-MPTMS is
increased. In addition, with a 3 hour deposition time we find a maximum number of gold
nanoparticles while thermal effects are minimal. However, there are some restrictions on
experimental conditions because it is not possible to control gold nanoparticles density on
a dirty surface. Mathematical equations used with the particle analysis tool in AFM take

advantage of the expected the particle density.
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CHAPTER 1

INTRODUCTION OF MEMS
1.1 Definition of Microelectromechanical Systems (MEMS)

Microelectromechanical systems (MEMS) are an assembly of sensors, actuators,
and mechanical clements on silicon wafers. However, the definition of MEMS continucs
to evolve beyond this traditional definition because they are now being applied to widely
diverse fields such as BioMEMS, optical MEMS, and radio frequency MEMS. In Europe,
MEMS are called Micro Systems Technology (MST), while in Japan they are referred to
as Micromachines [1]. As the MEMS technology allows the assembly of smaller
clements, it now also includes Nanoelectromechanical Systems (NEMS). Despite the
various advantages of such devices, fabrication techniques are not available because of
insufficient physical prototypes to allow valid simulations [2]. Figure 1-1 shows MEMS
products from Sandia National Laboratorics.

The origin of MEMS technology is rooted in the discovery of semiconductors at
Bell Laboratories in the early 1950s. In the beginning of the 1990s, MEMS were used to
aid of the development of the integrated circuit (IC) fabrication process. MEMS devices
began to enter the marketplace in the mid-1990s and bulk micromachining, surface
micromachining, and LIGA processes were used for MEMS fabrication by the end of the
1990s. Commercial MEMS devices include pressure, temperature, chemical and vibration

sensors, light reflectors, accelerometers for airbags, and vehicle controls. MEMS devices



have also been used to move fluids (gases and liquids) to amplify and identify strands of

DNA, and carry out biochemical analysis of very small quantities of materials [3].

Figure 1-1 Various MEMS products from Sandia National Laboratory

The core clements in MEMS are composed of sensors and actuators [4]. The
consideration of actuator design is deeply influenced by the fact that two moving parts or
a moving and a fixed part make physical contact in a MEMS device. This phenomenon is
known as tribology, a term derived from the Greek word tribo (to rub), which is defined
as the science and technology of interacting surfaces with respect to relative motion. It
encompasses friction, wear and lubrication. It is important for MEMS because tiny
mechanical devices are built on silicon or silicon-related materials with mature

fabrication technologies and unique properties [5].



Silicon is the most widely used substrate material because it is extremely flat,
easy to fabricate, and allows chemical coating. However, silicon materials have their
shortcomings. The polycrystalline silicon surface rapidly oxidizes with air to form a
hydrophilic oxide layer, and this layer can be quite thick depending on processing
conditions [6]. In addition, the friction, adhesion, and wear behavior properties of silicon
have drawbacks, so there have been attempts to develop new materials to replace silicon
[7]. Currently, polymers are beginning to be used in the field of bio-MEMS and
microfluidic devices because of their resistance to corrosion and flexibility [5]. In
addition, research and development in MEMS materials is useful in textile industry
(textile MEMS).

Since the term MEMS evolved in the United States in the 1990s, MEMS
technology has received a lot of attention from the public and private sectors [1]. The
potential impact of the MEMS industry on US businesses is immense:

* The US market for MEMS is projected to increase to just over 19 percent per annum

through 2008 to $3.3 billion.

* MEMS were nominated by Business Week as one of the three technologies expected to

future growing technologies.

* The widest application of MEMS includes air bag accelerometers, ink-jet printer heads
and blood pressure monitors, and new applications will expand the use of MEMS.
Also, several technical factors contributed to the expanding MEMS industry:
= casy access to ultra-pure (no mechanical fatigue), low cost materials
= sophisticated diagnostic and testing equipment.
* high-volume IC (integrated circuit) packaging technologies.

3



* low-cost and high-volume batch wafer processing technology.

1.2 MEMS Fabrication Techniques

Silicon micromachining is an important factor for the development of MEMS
technology. The three major MEMS fabrication techniques are bulk micromachining,
surface micromachining, and the LIGA process. Figure 1-2 and 1-3 show various steps of
these three techniques. Bulk and surface micromachining use planar photolithographic
fabrication processes to produce two-dimensional structures [8, 9] and those two
techniques are widely adapted for MEMS and Microsystems manufacturing. The LIGA
process has been used for 3D microstructure fabrication and allows on-demand

manufacture of high-aspect- ratio structure [10].

1.2.1 Bulk micromachining

Bulk micromachining produces structures inside silicon substrates. This technique
was first used in microelectronics in the 1960s, and it evolved to allow production of
three-dimensional microstructures in the 1970s. The major commercial devices that are
made using bulk micromachining techniques include pressure sensors, silicon valves, and
silicon accelerometers. Bulk micromachining allows the selective removal of silicon from
a substrate to make a variety of structures and takes advantage of all three dimensions of
space (X, vy, and z). This technique is analogous to that used by a sculptor, who creates
shapes out of large unformed materials. In this case, the structural material is removed by
physical or chemical means. Bulk micromachining is divided into wet ctching and dry

etching, which depends upon the phase of etchant. The most common etch in silicon is



anisotropic wet ctehing. Liquid etchants are used to produce wet ctching, while vapor and
plasma etchants are used to produce dry etching. Anisotropic etching is the key
technology for removal of sections of material ranging from 250 to 500um thick [11, 12].
Isotropic etching is also called orientation-independent etching. Isotropic etching has
drawbacks in that it is difficult to control the final gcometry of the surface structure and
most substrate materials do not have an isotropic crystalline structure. Figure 1-2 shows
an example of the bulk micromachining process. The process begins with a silicon wafer.
Thermal oxide layers are existed on both side of the water (Figure 1-2a). The photoresist
is then photolithographically patterned and developed. With using hydrofluoric acid
solutions, the pattern in the photoresist is transferred into the oxide layer (Figure 1-2b).
The photoresist is selectively dissolved in the acetone. The oxide layer serves as a mask
during a wet anisotropic ectching (Figure 1-2¢). This structure consist of a
bottom {100} plane and {111} side walls. Strain sensors are deposited on strategic
locations of membrane by means of depositing and patterning doped polyerystalline
silicon (Figure 1-2d). The part of substrate that is not covered by the protective mask is

dissolved in the etchants and removed in the second step.
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Figure 1-2 Bulk micromachining process



1.2.2 Surface micromachining

In contrast to bulk micromachining, surface micromachining is the fabrication of
micromechanical structures by deposition and etching of a thin structure and a sacrificial
layer on top of a silicon substrate. Polycrystalline silicon (polysilicon) is a common layer
material. In MEMS, silicon dioxide is used as the sacrificial layers in the construction of
complicated components like movable parts, but is removed later to create the void
spaces necessary to create the appropriate depth [4]. Low-pressure chemical vapor
deposition techniques (LPCVD) arc commonly used for building up the components
while wet etching is the common method used to create void spaces. Factors to consider
during surface micromachining are (1) the proper structural material, (2) good
mechanical properties of the sacrificial material, and (3) excellent selective of the
chemical etchant. Figure 1-3 shows a surface micromachining processing sequence using
polysilicon and silicon dioxide. Deposition and patterning of the sacrificial layer is
performed in step 1. Deposition and patterning of the polysilicon microstructure layer is
performed in step 2. The sacrificial layer is etched away to produce the freestanding

cantilever beam in step 3.

silicon dioxide

silicon _ deposition and patterning of
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Figure 1-3 Surface micromachining process



1.2.3 LIGA process

LIGA is a fabrication process that produces high aspect ratio microstructures in
X-ray lithography, electroforming, and plastic molding. This process overcomes some
drawbacks of silicon-based micromachining technology. The LIGA process uses deep X-
ray lithography to make desired patterns on a thick film of photoresist. X-rays are used as
the light source in photolithography and provide excellent results for creating 3D
microstructures with high aspect ratio MEMS devices [13]. There are three types of
LIGA depending on the radiation source and preform used:
* X-ray LIGA using high-energy of X-rays

= UV-LIGA using ultraviolet light produced by a UV -lamp, and

* Silicon-LIGA using (Deep Reactive Ion Etching) DRIE-ctched silicon

The substrate materials in LIGA processing are called the base plate, and various
materials such as austenite steels, ceramics, and polymers are used to produce non-
silicon-based microstructures. These materials must function as an electrical conductor or
insulator. LIGA processes allow the creation of electric, magnetic, piezoelectric, and
insulating properties in sensors and actuators. The LIGA process is usually applied to
high precision micromachining as in motors, gears, actuators, and connectors. However,
the technique is not ideal due to its high production costs [14]. Figure 1-4 shows a
specific example of the LIGA process [4]. A thick film of photoresist material is
deposited on top of a substrate as shown in 1-4a. The optical photoresist material for the
LIGA process is PMMA (polymethyl methacrylate) because it is sensitive to X-rays. First,
to block X-ray trangsmission, masks (Si3sN4) are used in the X-ray lithography. Next, the

deep X-ray dissolves the photo-resist material in 1-4b. This is followed by clectroplating



of the PMMA photoresist with the desired metal in 1-4c¢. Finally, after removing the

photo-resist, the desired tube product is produced as shown in 1-4d.
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Figure 1-4 L.IGA process

1.3 MEMS A pplications

The first MEMS devices were applied to the automotive industry as airbag
accelerometers, which were integrated with electronics on a single chip [15]. These were
small, low-cost devices with a high degree of sensitivity. In addition, the high sensitivity
of MEMS devices was used to calculate passenger size and weight to help modulate the
airbag response. Digital micromirror devices (DMD) were invented by Texas Instruments
and had integrated large-scale, spatial light modulators [11, 16, 17]. The micromirror
devices made use of a transformable mirror array on microflexures, and are used in

airline-ticket laser printers and high-resolution projection devices. With increasing



demands for the MEMS market, the application has expanded into telecommunication,

radio-frequency (RF) communication, biomedical and medical care applications [18].

1.3.1 Telecommunications

MEMS-based optical switches have become important since the late 1990s. Most
of the components in optical MEMS telecommunication arc operated by moving a
reflective surface [19]. When the signal travels down the cables, it is converted from
optical to electrical and back to optical in order to transfer from one line to another. Even
though early attempts to integrate MEMS into this O-E-O conversion did not work, nut it
become clear that electronie switching played a significant role in the network. Therefore,

future cross-connects will be combined with hybrid optical and electrical devices.

1.3.2 RF MEMS

Radio Frequency (RF) MEMS is usually defined as the design and fabrication of
MEMS for RF integrated circuits. The dramatic evolution of personal communication
devices is attributable to the sophisticated RF MEMS. MEMS devices are applied to
actuation or adjustment of a separate RF device or components, such as capacitors,
switches, and filters [20]. In contrast to traditional RF devices, RF MEMS circuit design
permitted development of components that are operated worldwide and has superior RF

performance and tunability over a broader range of operating frequencies.

MEMS technology has been applied to other RF applications. Silicon-based RF
MEMS technology was first used as microwave switches for surface micromachining

actuators that provided low insertion loss, high linerarity, and low DC standby power






