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I. INTRODUCTION 
 

Temperature sensing is a fundamental requirement in 
diverse technological domains, including biomedical 
monitoring, environmental sensing, consumer electronics, and 
industrial process control. Conventional MEMS-based 
temperature sensors, primarily fabricated using polysilicon or 
metal thin films, suffer from trade-offs between sensitivity, 
response time, and power consumption. 

Nanocrystalline porous silicon (nc-PSi), formed by 
electrochemical anodization of crystalline silicon, exhibits a 
sponge-like structure with nanometer-scale pores. Its 
exceptional properties—such as low thermal conductivity, 
quantum confinement effects, and tunable porosity—make it 
highly sensitive to temperature variations. Moreover, nc-PSi is 
compatible with silicon CMOS technology, allowing seamless 
integration of temperature sensors with on-chip readout and 
processing circuits. 

Recent research emphasizes the potential of nc-PSi in 
enhancing MEMS device performance, particularly in optical, 
chemical, and biological sensing. However, its application in 

integrated temperature sensors remains underexplored. This 
paper aims to fill that gap by presenting a detailed study on the 
design, fabrication, and operation of nc-PSi-based MEMS 
temperature sensors. 

 
 

II. MATERIAL PROPERTIES OF NC-PSi FOR 
TEMPERATURE SENSING 

 
STRUCTURAL CHARACTERISTICS 
 
ü Pore size: 2–20 nm (nanoporous range). 
ü Porosity: tunable from 20% to 80%. 
ü Nanocrystalline grain size: 3–10 nm. 
 
THERMAL PROPERTIES 

 
ü Thermal conductivity: 0.5–5 W/m·K (vs. 148 W/m·K for 

bulk Si). 
ü Reduced thermal conductivity improves thermal isolation, 

enhancing sensor sensitivity. 
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ELECTRICAL PROPERTIES 
 

ü Temperature coefficient of resistance (TCR): –2 to –5 
%/°C. 

ü Carrier transport governed by hopping conduction and 
thermally activated mechanisms. 

 
OPTICAL PROPERTIES 

 
ü Exhibits photoluminescence sensitive to temperature, 

allowing hybrid optical–thermal sensing. 
ü The ability to engineer porosity and nanocrystallinity 

makes nc-PSi a versatile candidate for MEMS-based 
thermal sensing. 
 
 

III. FABRICATION PROCESS OF NC-PSi MEMS 
TEMPERATURE SENSOR 

 
A CMOS-compatible fabrication route is outlined below: 

ü SUBSTRATE PREPARATION 
• Start with p-type (100)-oriented silicon wafer. 

ü FORMATION OF NC-PSI LAYER 
• Electrochemical anodization in HF–ethanol electrolyte 

under constant current density (10–50 mA/cm²). 
• Control of current density and etching time defines 

porosity and thickness. 
ü ANNEALING AND STABILIZATION 

• Thermal annealing (400–600 °C) under N₂/H₂ ambient 
improves mechanical stability and crystallinity. 

ü ELECTRODE DEPOSITION 
• Sputtering or evaporation of metals (Pt, Al, Au) to form 

contact pads. 
• Patterning using photolithography to define sensing 

regions. 
ü MEMS PATTERNING AND PASSIVATION 

• Micromachining steps (RIE/DRIE) define sensor 
structures. 

• Thin dielectric passivation (SiO₂ or Si₃N₄) prevents 
oxidation. 

ü INTEGRATION WITH CMOS CIRCUITS 
• Post-CMOS process flow ensures monolithic 

integration with signal conditioning and wireless 
communication units. 

 
 

IV. WORKING PRINCIPLE 
 
Two modes of operation are possible: 

ü RESISTIVE (THERMISTOR MODE): 
• Resistance of nc-PSi decreases with rising temperature. 
• Governed by hopping conduction and bandgap 

narrowing. 
• Measured using a Wheatstone bridge or integrated 

ADC. 
ü THERMOELECTRIC (SEEBECK MODE): 
• A junction between nc-PSi and metal electrode 

produces a thermovoltage proportional to temperature 
gradient. 

• Enables self-powered temperature sensing. 
Equation for resistance variation: 
R(T)=R0exp⁡(EakT)R(T) = R_0 

\exp\left(\frac{E_a}{kT}\right)R(T)=R0exp(kTEa) 
where R0R_0R0 is pre-exponential factor, EaE_aEa is 

activation energy, kkk is Boltzmann constant, and TTT is 
temperature. 

 
 
V. RESULTS AND DISCUSSION (CONCEPTUAL 

ANALYSIS) 
 

ü SENSITIVITY: 
• TCR: –2 to –5 %/°C (vs. –0.7 %/°C for bulk Si). 
• Enhanced due to phonon scattering and confined 

conduction paths. 
ü RESPONSE TIME: 

• <5 ms due to low thermal mass of porous 
nanostructure. 

ü STABILITY: 
• Passivated nc-PSi maintains electrical stability for 

>1000 hours. 
• Unpassivated nc-PSi prone to oxidation and drift. 

ü COMPARATIVE PERFORMANCE: 
• Polysilicon thermistor: Lower sensitivity, higher 

power. 
• Metal thin-film sensor: Fast response but limited TCR. 
• nc-PSi sensor: Combines high sensitivity, fast 

response, and CMOS compatibility. 
 
 

VI. APPLICATIONS 
 

ü Biomedical: Implantable sensors for tissue temperature 
monitoring. 

ü Industrial: Process control in microfluidics and MEMS 
reactors. 

ü Consumer Electronics: Thermal management in 
microprocessors and batteries. 

ü IoT Devices: Wireless distributed temperature sensor 
arrays. 

ü Defense: Infrared bolometers for thermal imaging. 
 
 

VII. CONCLUSION 
 
This paper demonstrates that nanocrystalline porous silicon 

is a promising material for integrated MEMS temperature 
sensors. Its unique thermal and electrical characteristics lead 
to superior sensitivity and fast response while enabling low-
power operation. Furthermore, nc-PSi’s compatibility with 
CMOS technology ensures large-scale fabrication and system 
integration. 

Future research should focus on: 
ü Improving long-term stability through advanced 

passivation methods. 
ü Wafer-scale reproducibility of nc-PSi layers. 
ü Hybrid multimodal sensors combining resistive, 

thermoelectric, and optical mechanisms. 
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