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> 100 micro 100 micro – 100 nano 100 nano – 1 nano

[Micro image of microgears courtesy of Sandia National Laboratories]
[Nano image Printed with permission Craighead Group/Cornell University and © Cornell University]



Micro-Sensors & 
Actuators

3-axes accelerometer 
with electronic interface, 

used for airbag 
deployment

[Courtesy of Sandia National 
Laboratories] Microfluidics 

Channels and 
chambers

[Courtesy of Luke Lee @ UC-Berkeley]

BioMEMS
Pacemaker

[Courtesy of Healthline]

Micro-optics
Digital Mirror 

Device
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Cantilever Based 

Proof Mass

Sensing Electronics

Deprocessed Chip, SCME at UNM



In-plane 
accelerometers use 
a set of fixed 
electrodes and 
moveable 
electrodes.

Proof Mass

The moveable 
electrodes are part of a 

“proof mass” that moves 
linearly with acceleration 

or de-acceleration.



iPhone 4 MEMS Accelerometers

MOTION SENSING IN THE IPHONE 4: 
MEMS ACCELEROMETER by St.J. 
Dixon-Warren

http://www.memsjournal.com/2010/12/motion-sensing-in-the-iphone-4-mems-accelerometer.html


Spring

Moveable comb

Fixed comb

Travel stop

Comb drive showing Travel Stops and Springs of a Comb drive
[Images courtesy of Sandia National Laboratories, www.mems.sandia.gov]
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Barometric Pressure Sensors (Photo courtesy 
of Khalil Najafi, University of Michigan)

























[Image generated and printed with 
permission by Seyet, LLC]
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Image courtesy of Dr. Christoph Gerber, Institute 
of Physics, University of Basel



SEM image of a Cantilever Sensor Array

These cantilevers were developed by the Swiss Nanoscience Institute for 
proteomic and genomic applications.
[Image courtesy of Dr. Christoph Gerber, Institute of Physics, University of Basel]

Functionalized cantilever array - SCME

https://www.youtube.com/watch?v=rPJa0QMxcbs
https://www.youtube.com/watch?v=rPJa0QMxcbs
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• Each cantilever is coated with a chemically sensitive 
probe coating

• By designing a CSA with a different probe coating on 
each cantilever, a CSA can be used to detect 
several different substances within the same sample. 



•

•





A finite element analysis (FEA) model showing 
Microcantilever Displacement under Stress
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• Radio Frequency (RF)
• Switch
• Filter
• Oscillator





• Piezoelectric and bubble printers provide high-resolution 
printing for graphic and photographic images 

• Inkjet printheads can layer dots of different colors on top 
of each other, giving the image a richer appearance.



Micropumps
Micropumps for insulin 
injections [Courtesy of Debiotech, 
Switzerland]



Developed by and images courtesy of BioPOETS Lab, 
UC Berkeley
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MEMS Blood Pressure Sensors

[Photo courtesy of Lucas NovaSensor, Fremont, CA]

Microgrippers

[Developed by and printed with permission © 2002 Zyvex]



Therapeutics

• Drug Delivery Systems
• Devices for invasive surgeries
• Artificial prosthesis

Microneedles
[Images courtesy of Debiotech SA/Switzerland]

Retinal Prosthetic
Array



Micro-Needles

• Low permeability
• Short enough to not reach 

nerves
• Combined with microfluidic 

sensors to administer a preset 
dose as needed

Images courtesy of Debiotech SA/Switzerland

Microneedle Arrays

NanoJet



Drug Delivery – Insulin Delivery

MiniMed Paradigm[R] 522 insulin 
pump, with MiniLinkTM] transmitter 

and infusion set. 
[Printed with permission from Medtronic Diabetes]

Insulin pump, with MiniLinkTM

transmitter and infusion set 
• External pump & computer 
• Soft cannula that delivers 

insulin 
• Interstitial glucose sensor  
• Wireless radio device that 

communicates with the 
computer

Micropump for insulin delivery
Image courtesey of Debiotech SA/Switzerland



Drug Delivery – Nanopore Coated Stents

Drug-eluting Coronary Stent System 
[Image source: FDA]

• Used inside previously 
blocked arteries

• Stent coating is a 
medication slowly 
released to decrease 
restenosis

• Restenosis increases 
possibility of re-blockage.



Drug Delivery – Liposome Vesicle 

Liposome vesicle filled with drugs 
(blue)

• Nano-sized cavity formed with 
cell membrane

• Filled with a drug (blue)

• Several can be injected into 
the bloodstream and guided 
to the target tissue

• The drug destroys or neutralizes 
the diseased tissue



Graphics adapted from images by St. 
John Providence and Pine Hurst Medical





Artificial Retinal Prosthesis

Prototype of a Retina Implant  
[Photo by Randy Montoya.  Courtesy of Sandia National 
Laboratories]

Battery Pack for Artificial Retina system 
[Courtesy of Sandia National Laboratories]



Cochlear Implants

• Contains a microphone, a 
speech processor, a 
transmitter and 
receiver/stimulator, and an 
electrode array

• The implant gives a deaf 
person a useful 
representation of his 
environment.

• Cochlear Implants are a 
type of “neuroprosthetic”

[Modified from image courtesy of National 
Institute of Health]



MEMS accelerometers 
found in pacemakers and 
defibrillators

Pacemakers

Pacemaker
[Courtesy of Healthline]
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A fabricated microfluidic 
surface showing 

microchannels and 
chambers..

[Image courtesy of BioPOETS, UC-Berkeley]
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This LOC liquid samples to 
identify .

[Image courtesy of NASA]



DNA Microarray used to identify 
specific genes or one’s gene 

expression profile

BioLOC's CD-Enzyme 
Linked Immunosorbent

Assay - ELISA 
(ELISATM – Printed with permission from 

BioLOC) 
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MEMS Pop-up 
mirror for optical 
applications. 
[Image Courtesy of Sandia 
National Laboratories
SUMMITTM Technologies, 
www.mems.sandia.gov]

Digital Mirror 
Array (DMD) –
each mirror is 
turned on/off 
as many as 
30,000 times 
per second.

[Image Courtesy of 
Texas Instruments]



Digital Light Projection (DLP)





First Digital Movie 1999

Larry Hornbeck, Texas Instruments, gets an Oscar, 2015
Academy Award of Merit
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WWW.SCME-SUPPORT.ORG

http://www.scme-support.org/
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http://www.mntesig.net/
mailto:mpleil@unm.edu

	What Are MEMS?�And �Why Do We Care?
	Presentation at a glance
	What are Microsystems (MEMS)?
	Comparison of Scale – Micro vs Nano
	Types of MEMS Devices
	Where are MEMS Found?
	Smart Phone Features Need MEMS
	Slide Number 8
	MEMS in Smart Phones
	MEMS Combos – Multiple sensors in one package!
	MEMS Combos – Bosch Example
	Sensor Kinetics – See all your MEMS Sensors
	For Homework
	MEMS Accelerometers
	Analog Devices Out of Plane Accelerometer
	In-Plane MEMS Accelerometers
	iPhone 4 MEMS Accelerometers
	Electrostatic Comb Drive Actuators
	Inertial MEMS in Automotive
	Pressure Sensors
	Cantilever-based MEMS
	Microactuators - Switches
	Micro-cantilever Chemical Sensor
	Cantilever Based Chemical Sensors
	Nano Enables MEMS
	Chemical Sensor Arrays (CSAs)
	MEMS Enables Nano - Example
	Cantilever capable of detecting changes in mass of 1 ag. Craighead Group/Cornell University, USA
	MEMS Cantilevers as Transducers Static or Dynamic modes of use
	What you can learn with cantilevers?
	MEMS Sensors – Bio Mimicry
	Sensor Type
	Microfluidics
	Printers
	Micropumps
	Micro-fluidics
	BioMEMS Applications
	Biomedical Applications
	Therapeutics
	Micro-Needles
	Drug Delivery – Insulin Delivery
	Drug Delivery – Nanopore Coated Stents
	Drug Delivery – Liposome Vesicle
	Capsule Endoscopy
	Capsule Endoscopy
	Artificial Retinal Prosthesis
	Cochlear Implants
	Pacemakers
	Lab-on-a-chip (LOC) Concept
	Lab-on-a-chip (LOC)
	Biomarkers for Diagnostics
	Micro-Optics
	Micro-Optic Applications
	Digital Light Projection (DLP)
	Untitled: Slide 55
	Slide Number 56
	So… Why DO WE CARE?
	MEMS and sensors revenue market in B$
	Compounded Annual Growth Rate
	Price/unit drops
	Diving Deeper: Let’s Look at sensors
	Sensors for mobile phones and tablets
	IoT or IoE (Internet of Everything)�From 15B sensors in 2015 to 1T in 2025
	2020-2030+ Future Soldier Technologies
	Sensor Market for Automotive�Will be driven by autonomous vehicles
	Autonomous Cars
	Jobs follow cagr
	SCME Professional Development Opportunities for You!
	Learn more about the URE project
	Interested in joining our community?

