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Abstract: Nanocrystalline porous silicon (nc-PSi) has emerged as a promising material for micro-electromechanical
systems (MEMS) owing to its tunable porosity, large surface-to-volume ratio, and compatibility with silicon-based
fabrication processes. This paper presents a detailed review and analysis of nanocrystalline porous silicon-based MEMS
pressure sensors, covering their fabrication techniques, structural advantages, electrical characteristics, and applications.
The integration of nc-PSi into MEMS devices enhances sensitivity, reduces power consumption, and provides
opportunities for multifunctional sensing platforms in biomedical, environmental, and industrial domains.

I. INTRODUCTION

MEMS pressure sensors are vital in a wide range of
applications including automotive systems, biomedical
implants, aerospace instrumentation, and environmental
monitoring. Conventional MEMS pressure sensors primarily
use crystalline silicon diaphragms; however, these devices
face limitations in terms of sensitivity, power efficiency, and
integration with functional materials.

Nanocrystalline porous silicon (nc-PSi), created by
electrochemical etching of crystalline silicon, exhibits
controllable porosity, quantum confinement effects, and
excellent mechanical compliance. These features make nc-PSi
highly attractive for pressure sensing applications, where
miniaturization and high sensitivity are critical.

II. PROPERTIES OF NANOCRYSTALLINE POROUS
SILICON

v' High Surface Area: Facilitates better mechanical strain
transfer and functionalization.

v' Tunable Porosity: Enables control of electrical and optical
properties.

v’ Quantum Confinement Effects: Alters bandgap, improving
sensor performance.

v Low Young’s Modulus: Enhances sensitivity compared to
bulk crystalline silicon.

v’ Biocompatibility: Suitable for biomedical applications
such as implantable pressure sensors.

III. FABRICATION OF NC-PSI-BASED MEMS PRESSURE
SENSORS

A. ELECTROCHEMICAL ANODIZATION

v' Single-crystalline silicon wafers are etched in hydrofluoric
acid-based electrolytes under controlled current densities.

v’ Pore size and porosity are adjusted by varying current
density, HF concentration, and anodization time.

B. MEMS INTEGRATION

v" Micromachining techniques such as photolithography,
reactive ion etching (RIE), and deep reactive ion etching
(DRIE) are used to form diaphragms.

v' nc-PSi layers are integrated with polysilicon electrodes and
insulating layers for electrical transduction.

C. PACKAGING

v" Hermetic sealing is achieved using glass-silicon anodic
bonding or wafer-level bonding.

v Packaging ensures long-term
degradation of nc-PSi.

stability and prevents
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IV.WORKING PRINCIPLE

The sensor typically consists of a thin nc-PSi diaphragm
suspended over a cavity. When external pressure is applied:
v' The diaphragm deflects, causing strain in the nc-PSi layer.
v This strain alters the electrical resistance (piezoresistive
effect) or capacitance (capacitive sensing).
v’ The change is detected by an integrated electronic circuit
and converted into a pressure signal.

V. PERFORMANCE CHARACTERISTICS

v’ Sensitivity: nc-PSi sensors demonstrate higher sensitivity
than bulk silicon devices due to reduced stiffness.

v’ Linearity: Maintained over a wide pressure range by
optimizing diaphragm dimensions.

v Temperature Stability: Enhanced by doping and surface
passivation of nc-PSi.

v' Power Consumption: Significantly reduced, beneficial for
implantable and portable devices.

VI.APPLICATIONS

v’ Biomedical Devices — Implantable pressure sensors for
monitoring intraocular pressure, blood pressure, and
intracranial pressure.

v Automotive Industry —
monitoring systems.

v’ Aerospace and Defense — Harsh-environment pressure
sensing with lightweight integration.

v’ Environmental Moniftoring— Air and water pressure
detection in IoT-enabled smart systems.

High-sensitivity tire pressure

VIL CHALLENGES AND FUTURE PROSPECTS

v’ Surface Stability: nc-PSi is prone to oxidation; protective
coatings are essential.

v’ Long-Term Reliability: Packaging and passivation methods
need improvement for durable performance.

v’ CMOS Integration: Research is ongoing to achieve
seamless monolithic integration with CMOS electronics.

v Multi-Parameter Sensing: Future devices may integrate
pressure, temperature, and chemical sensing in a single nc-
PSi MEMS platform.

VII. CONCLUSION
Nanocrystalline  porous silicon has demonstrated
substantial  potential in enhancing the sensitivity,

miniaturization, and multifunctionality of MEMS pressure
sensors. Despite challenges in stability and integration,
advancements in fabrication and packaging techniques are
paving the way for robust and commercially viable nc-PSi-
based MEMS devices. These sensors hold promise for
revolutionizing  next-generation  biomedical  implants,
automotive systems, and [oT applications.
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