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Intro

This is a report/set of notes on a day-long session covering nanotech/MEMS at the annual sensors expo in San Jose. This session was more focused on industry and thus provided a good complement to the Las Vegas conference in February, which was primarily academic. 

There’s a short summary immediately below with links to notes on the most interesting talks. The whole proceedings are available for the adventurous and make for a pretty good browse. Let me know if you’d like to borrow them.

Summary/Highlights

Industry Roadmaps: Two groups have put out or will put out reports charting the expected growth of the Microsystems industry. They are available for less than $1K each.

Sensicore: Fascinating disposable sensors for water quality, among other things. A great example of someone dealing with all the thorny problems of making this technology truly cheap, as has been the perpetual promise.

Sandia work on sensing VOCs: Someone we might want to look up. His methodology might be more broadly applicable for our own sensors.

Nanostream: could this be relevant to the microfluidics problems we encounter on an ocean carbon sequestration problem? Could we use their “Lego” technique to build lots of sensors?

Cepheid: Not too much nanotech, but certainly an interest in shrinking something down by a lot.  Seems they’re bringing us closer to realtime DNA detection. PCR to the next level.

Efab: Wow, what a process. Steve, Norm and I will meet to discuss them. They are interested in talking about collaboration.

Corning/Intellisense: Claims many MEMS assumptions are just myths. He gives an interesting list.

------------------Start of Notes------------------------------------------------------------------------

The Meeting of Nanotechnology and MEMS

Gregory W. Auner et al.

AFM (atomic force microscopy) used to move individual atoms

VS.

Mass fabrication, via, for instance, electrodeposition

Examples of nano/micro integration from his lab

An artificial retina


Process must be biocompatible, mass producable, encapsulated

Drug/chemical delivery via photochemical activation


Light is used to “uncage” a chemical exactly where it is needed


A way to deliver chemicals to a precise location without other body interactions

Real time Biological detection


Magnetic microbeads attract only e. coli antibodies


Magnetic microbeads, laden with antibodies, attach to acoustic wave device


Acoustic wave device senses changed mass attributed to antibodies

Commericalization Issues in MEMS

Roger Grace

http://www.rgrace.com/
Problems with computer and projector messed up talk. A few interesting fragments

MEMS market predicted to have a 21% growth rate in next few years.

Stuff that is being done well by companies


R+D, Venture capital attraction, creation of wealth, infrastructure

Stuff that could be done better


Design for manufacturing, building an industry roadmap

Stuff that really needs work


Market research, marketing

40+ MEMS foundries in USA alone

More standards are needed in MEMS, these are in process

To be successful:


Understand available resources


Understand what customers want


Use vertical integration

Future products that look hot


RF mems for cell phones


Chemical sensing, environmental monitoring

The NEXUS program: Where have we come from and where are we going?

And

Market analysis for Microsystems 2000-2005:  a Nexus task force report

These two talks focused on the NEXUS group, an EU sponsored endeavor to study and report on the growing Microsystems industry.  They have a website at www.nexus-mems.com that’s worth checking out.  The second talk gave a few highlights from their 2002 market analysis report, which costs about $800. Seemed interesting, but the talk was a bit scattershot. 

Microsystems Road Mapping

Steven Walsh

Another person selling a report on Microsystems, this one coming from the “International Roadmap for Microsystems” which Dr. Walsh co-chairs. Report is available Sept. 2002 at a conference (www.coms2002.org) and goes for $950. His talk was more coherent, and funnier, so I’ve included some tidbits below.

Lots of foment in the MEMS field


10 existing manufacturing methods already evolving to a dominant few

Lots of risk inherent in manufacturing technology choices. 

That risk being shifted to foundries.

Standardization


Lack of standards is a threat to continued growth

Reliability and materials


Surprising lack of understanding as to why Microsystems fail.


New materials bring new questions and not enough have been answered

Packaging


Routinely 70% of cost. Need more work here


Industry is moving toward semi-custom techniques

Microsystems should be seen as nacent “disruptive” technologies


This will take awhile. Be patient.


User groups are cross-industrial

What is the mission of the “roadmap”


Guide to pre-competitive R+D 


Help with infrastructure planning

Silicon Sensor Arrays for Chemical Analysis

S.J. Pace, Sensicore, 

http://www.sensicore.com/
Application specific sensors for realtime readouts (example: water quality)

Building Membranes on a chip sensitive to certain target ions


Realtime results, self-calibrating chips

“Pulse voltemetry” is sensing method

Disposables, low cost at somewhat low volume


This eliminates contamination issues

Applications are mostly in health and Safety


Disinfection check


Toxins(chlorine, arsenic, lead, mercury, bio toxins


Pathogens

Industrial water and general clinical diagnostics as well.

Current efforts are focused on making chips manufacturable

Data Analysis methods for real-time VOC chemiresistor

Chad E. Davis, Sandia

A very nice, very coherent presentation from a fellow .gov employee

A chemresistor is designed to detect Volatile Organic Compounds 

His method uses special polymers

Polymers are formulated to change resistance when they absorb the VOC of interest


Like noses


Process is reversible


Small, simple, robust

Polymers deposited on silicon substrate

There are several polymer choices based on target analyte


4 polymers give good discrimination for tested analytes

Humidity sensitivity can be calibrated out

Microfluidics: Coupling to the macro world

Nanostream, Pasdena CA

http://www.nanostream.com/
Well focused company, with a specific market

45 employees, 22,000 ft^2 in Pasadena  (Caltech spinout)

Building novel, “passive” microfluidics parts for pharmaceutical applications

Microfluidics, 100s of nanoliters

Their product is called snap-n-flow and uses a modular lego-like approach.


Tees, valves, chambers


Components are grabbed from a library and placed together


The result is a fast prototype in C-18 resin that can quickly scale to production

Meant for high-throughput applications and are intended to be disposable

Standard processes are filtering, metering, mixing, pumping

Sensing, Detection and Identification of Micro-Organisms

Kurt Peterson, Cepheid

www.cepheid.com
Doing fast PCR with a small unit, doesn’t require highly skilled operator

Stage for this new product clearly set by bioterrorism scare and new societal commitments to defending against this with hi-tech.

The difficulties of detecting pathogens


-culturing: effective but slow, 3-4 days, requires trained user


-immunoassays



-rely on surface molecules, not very sensitive


-optical (aerosol) type detectors



-not yet effective



-spore volume generally too low to be reliable

Current DNA testing offers a solution, but takes several days and training

We are developing a fast, totally automatic PCR system


As in traditional PCR, replicated DNA releases a fluorescent molecule


Detection is via sensing this fluorescence

DNA detection is reliable, sensitive


DNA sequences are available for major pathogens

Current PCR, at best is ½ to 1 day and lots of manual work

New product (GeneXpert) will do complete PCR in 30 minutes

Uses besides bio terrorism in numerous areas


Detecting regular ‘ol bacteria in people


Early warning for foot+mouth disease


B strep bacteria, quite a danger apparently


Salmonella in food handling


Detecting the spread of cancer cells in the operating room



Basic pathology in 30 minutes, while the patient is still open

Why is this paper in a MEMS conference?


Micro-optics in machine, micro-fluidics in disposable cartridges that it uses

Efab-A New Technology for Micro-Manufacturing

Chris Bang, MEMGen Corporation, Burbank

http://www.memgen.com/
A technology to build limited part quantities using a hybrid of lithography and rapid prototyping technologies. Some employees are refugees from 3D systems.

Efab works in the same scale range as meso-scale high speed machining and LIGA


Also comparisions to MEMS via bulk and surface micromachining, but not as apt


Layers are 2-10um thick


Registration is +/-1um layer to layer, not cumulative

Parts are made directly from 3-D CAD via an STL file


Complex geometries are supported

Resultant part is made of any material that can be plated


Currently nickel, expanding that list.

Probably best to see their website for more details on this process. Very interesting.

Myths and Truths in MEMS Development

Andrew Swiecki, Corning Intellisense Corporation

This talk was just what it sounds like. Some assumptions about MEMS, whether the author believes these to be true or false,  and some commentary.

The Foundry model, which proved so successful in semiconductors in the 1990s will also prove viable for MEMS. (True


Capital intensive, risk intensive, better to spread that over many projects for 


Different clients rather than one in house facility

Like the semiconductor industry, MEMS engineers will be able to develop standardized processes and then build dozens or even hundreds of different products using these standardized process flows. (False


High volume manufacturing has also gone with some customization


No common building block in MEMS, unlike the transistor for semiconductors

Moore’s law will apply to MEMS products as it applied to semiconductor products (False


MEMS devices are not transistors


Many MEMS devices need to be a certain size to function


Cost, complexity, etc. will improve, but will not be driven by size reductions

Approximatley 75-80% of the overall MEMS device product cost is in Assembly and Testing(True


Device is electrical and mechanical


Packaging and testing often custom

CMOS fabs can be effectively used to fabricate MEMS(False


Materials incompatibilities


Special processes not supported


Some equipment overkill, some equipment not good enough

Simulation Tools will help accelerate time-to-market for MEMS devices in much the same way that EDA tools improved Semiconductor time-to-market many years ago(True


No surprise here, corning markets a package that does this…

Panel discussion

Standards in MEMS?


Not enough


Lots of IP is private, not turned over to industrial committees


“even a simple standard for where I can hold the wafer would help”


Standards would help with time to market, no need to develop new process


Also, tight interaction between design and process.

Education


There are some programs for technicians, mostly they come from IC fab


Some programs for engineers, not researchers

Packaging


Start with a standard, then customize for high volumes


Always depends on economics, very dependent on details

---------------end of Notes----------------------------------------------------------------------------

