Chapter 5: Fabrication Techniques — Bulk Micromachining, Surface Micromachining, and
More

5.1 Introduction

MEMS fabrication involves a series of micro-scale processes that build mechanical and
electrical components on substrates, often silicon. These processes are adapted from
semiconductor manufacturing but customized to create three-dimensional movable
microstructures. This chapter focuses on major MEMS fabrication techniques: bulk
micromachining, surface micromachining, and other advanced methods that enable
high-performance microsystems.

5.2 Bulk Micromachining
Bulk micromachining involves the selective removal of material from a silicon wafer to
create desired structures, typically by etching deep into the substrate.

e Process Features:

e Structures such as cavities, diaphragms, membranes, and pressure sensor
housings are created.

e The entire wafer bulk is used as the structural base.

e Etching Techniques:

e Wet Etching:

o Uses chemical solutions (e.g., KOH, TMAH) to dissolve silicon along
specific crystal planes.

o Results in anisotropic (direction-dependent) etching with characteristic
angled sidewalls.

e Dry Etching:

o Uses plasma-based techniques such as Reactive lon Etching (RIE) or Deep
Reactive lon Etching (DRIE) for greater precision and vertical sidewalls.

e Applications:



e Pressure sensors
e Accelerometers

e Micromechanical diaphragms

5.3 Surface Micromachining
Surface micromachining builds microstructures layer by layer on the surface of a
substrate, rather than etching into the bulk.

e Process Features:

e Involves deposition of structural and sacrificial layers using techniques like
LPCVD or sputtering.

e Sacrificial layers are later etched away to release movable parts.

e Typical Materials:

e Structural layers: Polysilicon, silicon nitride

e Sacrificial layers: Silicon dioxide or photoresist

e Advantages:

e Allows more complex structures on a single wafer

e Enables integration with electronic components

e Applications:

e Micro gears and actuators
¢ RF MEMS switches

e Micromirrors in optical devices



5.4 High-Aspect-Ratio Micromachining (HARMS)
Used when devices require tall and narrow microstructures.

e Techniques Used:

e LIGA Process: Combines deep X-ray lithography, electroplating, and molding.

e Deep Reactive lon Etching (DRIE): Also known as the Bosch process, capable of
producing deep, vertical sidewalls with high precision.

e Applications:

e Microturbines
e Microfluidic channels

e Biomedical implants

5.5 Wafer Bonding
Wafer bonding is essential for creating multi-layered MEMS devices or sealing cavities
and fluidic channels.

e Bonding Methods:

e Anodic Bonding: Joins silicon to glass under heat and electric field.
e Fusion Bonding: Direct silicon-to-silicon bonding with high surface flatness.

e Adhesive Bonding: Uses polymer adhesives to join different materials.

e Applications:

e Packaging of pressure sensors
e Encapsulation of vacuum cavities

e Integration of microfluidic devices



5.6 Soft Lithography and Polymer MEMS
Used for fabricating flexible and bio-compatible MEMS structures using polymers.

e Techniques:

e Replica Molding: Creates microstructures by casting PDMS or similar materials
onto a mold.

e Microcontact Printing: Transfers patterns using elastomeric stamps.

e Materials:

e PDMS (Polydimethylsiloxane)

e SU-8 photoresist

e Applications:
e Lab-on-chip systems
e Flexible sensors

e Wearable health monitors

5.7 Additive Micromanufacturing
Additive approaches like 3D microprinting are emerging for MEMS prototyping and
complex geometries.

e Techniques:

e Two-photon polymerization (TPP)
e Inkjet-based microprinting

e Electrohydrodynamic jet printing

e Advantages:

e Greater design flexibility



e Ideal for rapid prototyping

e Capability for non-planar structures
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5.9 Conclusion

MEMS fabrication techniques have evolved to support a diverse range of applications,
geometries, and material properties. Whether using subtractive methods like bulk
micromachining, additive approaches like soft lithography, or advanced bonding and
etching techniques, the choice of process is crucial in achieving reliable and functional
MEMS devices. Selecting the right fabrication approach depends on application
requirements, cost, scalability, and integration needs.



