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Introduction1. Introduction



From MEMS (NEMS) to BIOMEMS (BIONEMS)

„Miniaturization engineering‟ is a more appropriate name than 

MEMS, but the name MEMS is more popular. It involves a good 

understanding of scaling laws, manufacturing methods and materials. 

Initially it involved mostly Si and mechanical sensors (e.g., pressure, 

acceleration, etc). Miniaturization engineering or MEMS (NEMS) 

applied to biotechnology is called BIOMEMS (BIONEMS).

MEMS: MicroElectroMechanical Systems
NEMS: NanoElectroMechanical Systems



MEMS vs. BIOMEMS



Scale of Objects  



About Scaling Laws…



About Scaling Laws…

Assumptions 



Scaling Laws Example



2. Fabrication and Materials



Device Fabrication 

 What is Needed:

1. A material to create the device – Silicon, Glass, Polymer, Metal…

2. A process to follow – Micromachining, Nanofabrication…

3. Process characteristics

- Reproducible

- Scalable 

- Inexpensive 

- Environmentally friendly

4. Tools to create the device – Lithography, Bonding…

5. Tools to examine and verify the device – Microscopy, Electrical analysis 

Optical measurement… 

6. Packaging 

7. Integration methods and tools 



Metals 

Ceramics 

Glasses

Polymers

Elastomers 
(PDMS)

Hybrid Materials 

- Materials have “domains” of properties

- Difficult to change properties by several orders of magnitudes

- Hybrid materials are now being advanced to create very difficult 
properties 



Material Deposition

Lithography

Etching

Conventional Silicon Technology

Surface Micromachining



Lithographic techniques   



Conventional lithographic technique

UV lithography



Soft lithography 

Nanoimprint lithography

Capillary force lithography

Mold-based lithographic techniques 



Master fabrication  



PDMS mold: wonder material for BioMEMS



PDMS mold



Channel Fabrication – Example 



3. Microfluidics and Nanofluidics 



Why is Micro/Nanofluidics ? 

► Micro/nanofluidics aims at investigating and developing 

miniature device which sense, pump, mix, monitor, and 

control small volume of fluids. 

► Micro/nanofluidics has the potential to revolutionize the 

process and products that use fluid by high integration with 

a process.



Microfluidics in Nature

Microfluidic scaling 

In vivo

Surface tension

Biomimetic surface



Nanofluidics in Nature  

Aquaporins

Ion channel

EDL overlap



Basic properties in Microfluidics

►All flow is laminar (no turbulent mixing)

► Surface tension becomes significant

► No inertia effects

►Apparent viscosity increases



A Microfluidics system



Microfluidics Elements



Integrated Microfluidic system – Example 

Micro alumina flow injection analysis system 



4. Sensors and Actuators 



Sensors – A definition 



Sensors Performance 

What is an ideal sensor?

► Operates without affecting the “measured” 

parameter 

► Has high sensitivity

► Has a high signal to noise 

► Immune to external force 

Smart sensor: An integrated device that can 

perform diverse tasks. 

Normally it has integrated electronics and data 

analysis system  



Sensor – Examples 

Thermal Sensors 



Sensor – Examples 

Mechanical Sensor 



Sensor – Examples 

Chemical Sensor 
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A few things to become a good engineer

From my personal experience and observations

► Critical point of view is great but be generous and 

considerate

► Don‟t hesitate too much and be aggressive

► Communication skill is extremely important 

► Be strategic and time efficient 



Thank you for your attention and 
participation in this class !!!


