IVIEVIS
N EGHNOIOE)

MEMS Technology for Today’s Niche Markets

Joyce Laird, Contributing Writer
ECN Magazine

MICRO-ELECTRO-MECHANICAL-SYSTEMS,
or MEMS, come in many sizes and configu-
rations; ranging from miniaturized electro-
mechanical chips down to the most unique
forms of nanotechnology that sense, measure,
transmit, and control virtually every sensing
modality. This allows the development of en-
hanced devices with perception and control
capabilities for microsensors and microactua-
tors only dreamed of a decade ago.

MEMS Sensors

Smart Microsystems is a company that ex-
cels in microelectronic assembly with added
capabilities of environmental lifetesting and
failure analysis. Matt Apanius, managing di-
rector of SMART Microsystems, says, “We work
on a wide range of products — most of them
are sensors and this includes MEMS. We typ-
ically work with companies when they need
custom assembly for a new product”” He adds,
“Our customer companies may not necessar-
ily be in the fortune 500 but they tend to be
suppliers to those companies.” Working with
these types of customers, SMART Microsys-
tems has to stay on the leading edge of what's
happening in microelectronic product inno-
vation. “We enjoy working closely with our
customers to ensure the incoming material
requirements and the processes we develop
achieve the design intent and cost objective.”
Another MEMS sensor company is DunAn
Sensing LLC, which fabricates MEMS pressure
sensing devices. DunAn make the pressure
die and then puts them into different packag-
es, according to Gary Winzeler, vice president
of sales and marketing, “We sell directly to big
manufacturers of HVAC equipment; refriger-
ant equipment, freezers, anything that uses
a refrigeration cycle,” says Winzler. “Even elec-
tric car manufacturers are using refrigerant
to cool their batteries. It's a big market, and
it's growing.” The growth of the MEMS market
has been tracked for over 35 years by Roger
H. Grace, president of Roger Grace Associates.
Grace, whose firm provides a variety of mar-
keting and consulting services for clients in
MEMS and other advanced packaging arenas,
has an objective finger on the pulse of sen-
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Figure 1: Designers must consider a systems design approach when selecting a sensor, especially
the interfacing circuitry typically realized by an Application Specific Integrated Circuit
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sors and the electronics industry, specifically
the device development and manufacturing
areas. “The research that we conduct helps
our clients to better understand the poten-
tial landmines that need to be circumvented
to successfully proceed into any new tech-
nological and product development areas;
everything from product planning to roll out
and all in-between,” says Grace. “We help cli-
ents determine what their product needs to
do, what to put into it to allow it to do those
things, and if applicable, even what it should
look like. To make a product, you first need to
put together all the electronic functions and
define the best sensor for the job.”

Technology Challenges

“Packaging, testing, and the manufac-
turing method are all highly dictated by the
application for MEMS devices,” says SMART
Microsystems’ Matt Apanius. “The better the
resolution, translates to a big die with many
interconnects. A die with a large, pixelated ar-
ray is challenging for many reasons. Common
packaging issues, such as mechanical stress
and thermal isolation, become more difficult
to manage. Plus, the cost of the die itself is
going to be high which makes assembly yield

that much more critical”“Processing on both
sides of the wafer has been a part of MEMS
technology since its inception. Within the
last decade or so, the IC industry has adopt-
ed through-silicon-via technology to support
dense interconnects. Despite both of these
significant developments, the interconnect of
choice that our customers have come to rely
upon is wire bonding — almost everything we
do involves wire bonding.”

DunAn’s Gary Winzeler says the market-
place DunAn decided to go after firstincludes
measuring refrigeration pressures, heat
pumps, HVAC systems, and any industry us-
ing HVAC systems and devices.

“If you look at a standard MEMS device, in
order to interface in areas of high corrosion
and harsh media, they currently protect the
MEMS with a stainless-steel diaphragm and
then insert an oil fill between the two. That’s
costly and time consuming. You have extra
machined parts, and the oil filling, which is
expensive, actually takes away from the ac-
curacy and repeatability of the MEMS them-
selves,” he explains. “We stepped back and
came up with a way to mount the chip onto
a ceramic and connect that up-via packaging
with no other protection needed around it.
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The next step is a product we are just releas-
ing now, where we have removed the O-ring
to make it even more robust.”

While starting off targeting that market,
DunAn Sensing is also looking at a range
of applications: pump manufacturers, valve
manufacturers, compressor manufacturers,
and gas compressors. Winzeler says there is a
whole range of things that can benefit from
this product.

Industry consultant Grace reminds all de-
velopers and end users that there are several
possible platforms in which the sensor can be
created, including silicon, paper, plastic, and
functional fabric. The functionality, specifi-
cations, features, and the resulting pros and
cons of each must be weighed for each ap-
plication. A knowledge of the myriad types
of sensors and their technologies needs to
be in every electronic engineer’s mental de-
sign toolbox. “Current and future successful
products embrace the concept of packaging
and integration. This packaging concept has
to come in at the very beginning of the prod-
uct development cycle. It is the systems ap-
proach to the solution (Figure 1), says Grace.
“Everyone involved must get together early
in the process, and create a system with all
the design issues and problems flushed out
in a first meeting. Great designs can be devel-
oped in a CAD system, but when it comes to
the reality of manufacturing, they find it can’t
be done, and it's back to the drawing board—
which is why so many new devices are so
expensive and some never even make it,” he
adds. “The device must be able to survive the
environment in which it is immersed, do its
job, be inexpensive, and still make a profit. To
me that’s the real challenge of all of this—to
interconnect, test, and package it

Figure 2: Overmolded package for
environmental protection
(Image Source: DunAn Sensing)

SMART Microsystems’ Apanius believes
that miniaturization solutions based on mi-
croelectronic assembly will continue to drive
the market. “That’s the strategy for SMART
Microsystems. The system integrators and
manufacturers in our backyard, such as Parker
Hannifin, Eaton, Rockwell Automation, Nestle,
etc. are all thinking the same thing: How do |
get more bang for my buck? They are looking
at data-based system solutions that rely on
sensors and electronics,” says Apanius. “That’s
where we come in. We service the custom
runs for all major industries. We are seeing
some exceptional growth right now with sev-
eral new programs maturing nicely, and we
are very excited about that!”

DunAn’s Winzeler says that DunAn is com-
ing out with a new range of products that
use a revolutionary way of interfacing the
MEMS to the media. “We are doing it to get
a very lowcost packaging method while still
maintaining all the high reliability, along with
affordability. We have also come up with a
device that combines a temperature sensor
with a pressure sensor in the same MEMS
package,” says Winzeler. “In the HVAC area,
specifically in the area of refrigeration, they

SENSOR PRODUCT LIFE CYCLES Printed/
Flexible: Functi

Discrete: MEMS: Plastic/ FuarE)Crilc?

R Mechanical Silicon Paper -
i ; ;
1 1 1
1 1 1
1 1 1
SALE : : :
VoL. ; : :

Intro 1 /Growth /" Maturity 4 Decline
i i i
1 1 1 _
TIME

Figure 3: According to the four waves of innovation, technologies such as silicon MEMs are maturing
and will eventually decline, while printed/flexible technologies are on the rise.
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typically want to measure pressure as well as
the temperature of the refrigerant. Then, they
calculate the super heat which is used to con-
trol the use of various fans, compressors, and
controls within the systems.”

Winzler adds, “In order to obtain the ef-
ficiency needed today, it's truly critical that
they control all the parameters, and they
want to do this all at the same measurement
point. So, we've combined all the technology
needed and given them a dual output device
that gives them a single point to measure all
parameters. In our O-ring-less MEMS pack-
age (Figure 2), we are going to be banking
that with hard banding, and over-molding
the package into a single device will be very
robust and have an excellent environmental
interface as well. It will be able to be sub-
merged in water, withstand severe humidity
and vibration. It will have more structural and
environmental protection than any other de-
vice on the market right now.”

The best advice Winzeler has for any com-
pany developing any technology for the fu-
ture is to go out and talk to customers. “You
have to find the real-life problems and then
come back and develop the solution. Many
companies are getting so big they tend to
lose that one-on-one with customers. If the
company can solve a customer’s problem, it
doesn’t matter how big or small the compa-
ny is. It just matters that they took the time to
get the solution to the customer. With MEMS
in the area of pressure and temperature sens-
ing, it has definitely been changing and grow-
ing in the area of corrosive media or changes
in packaging. It's all about focusing on cus-
tomer needs, Winzeler says.

Grace believes the future lies in the market
for sensors that can measure psychological
chemical/biological phenomena, including
blood, sweat, and tears. The measurement of
these and other psychological phenomena
can be used to determine important changes
in physical condition, such as dehydration in
athletes or the elderly. Given these require-
ments, technologies such as silicon MEMs are
maturing and will eventually decline, while
printed/flexible technologies are on the rise
(Figure 3).
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