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manufactures to conduct final testing and calibration.
It is noteworthy that a recently created organization, 

MEMUNITY (www.memunity.org), has assumed 
the role of educating the MEMS industry about 
the intricacies of wafer-level packaging and how 
this approach can enable the automated, high-
throughput, low-cost testing of MEMS devices. 

“VTI has extended the wafer-level test strategy 
to the active calibration of our three-axis acceler- 
ometer product line,” noted Scott Smyser, VTI’s VP 
and GM. “We believe that this approach of active cali-
bration is unique in the industry, and helps us to dramati-
cally reduce the cost of calibration and test of our devices 
while providing a 100% level of testing.”

Conclusions

I have proposed an approach of “thinking outside the 
chip” in the creation of a MEMS-based system solution, 
a.k.a. “MEMS modules.” This approach requires a broad-
based interdisciplinary team which tends not to exist where 
the product needs to be developed, and requires competen-
cies in MEMS device design, wafer processing, signal condi-
tioning/ASIC design, packaging, testing/calibration, supply 
chain management, and electronics system design. With the 
availability of over 60 MEMS foundries worldwide, this takes 
the pressure off the MEMS design and wafer process. Many 
MEMS companies (Analog Devices, Freescale, Kionix, etc.) 
have internal ASIC device designers. Companies including 
Si-Ware Systems and Sensor Platforms provide signal con-
ditioning ASIC design. Austria Microsystems provides both 
ASIC design and ASIC manufacturing capabilities. Back-
end network chips are available from a broad selection of 
suppliers.

In my opinion, the real challenge is creating MEMS-
based system solutions that exactly address customers’ needs 
vis-à-vis classical system integration and packaging/testing 
approaches. Many organizations—including Axept, Cross-
bow, IMEC, Infotonics, LV Sensors, Tronics, U. of Texas-
Arlington/ARRI, and most recently Acuity—have dem-
onstrated the capability to undertake such a systems-based 
solutions approach. In addition, organizations including 
Fraunhofer’s Einrichtung Elektronische Nanosysteme Insti-
tute (Chemnitz, Germany), the University of Michigan’s 
Wireless Integrated Microsystems Research Center (WIMS), 
and ARRI are focusing on this approach. Axept (Figure 5) 
has integrated two separate pressure sensors along with a 
number of discrete signal conditioning ICs to create a dual-

redundant pressure sensor module. It provides a virtual data 
acquisition platform providing operational status assessment, 
sensor-drift compensation, trend analysis, calibration setting 
by poling and voting, service history recording, smart sensor 
recalibration algorithm, and sensor status alerting.

UT Arlington’s ARRI (Figure 6) has created a micro-
opticalelectromechanical (MOEMS) switch module that 
includes a MEMS die, four optical fibers, and wire bonds for 
interconnects inside of a (hermetically sealed) Kovar metal 
carrier. Tire pressure monitoring systems currently being 
produced in large volumes by suppliers including Bosch, Fre-
escale, and TRW are excellent examples of MEMS-based 
systems solutions.

These systems (a.k.a. “modules”) embrace pressure sensors, 
motion sensors, temperature sensors, signal conditioning, 
battery and battery management, software algorithms, wire-
less communications, and package integration and test—and 
are projected to be a major “killer application” for MEMS in 
the very near future, approaching 100 million units world-
wide in the early next decade. I believe that there exists 
many other major opportunities for MEMS-based system 
solutions in the near future. Carpe diem!�  

Roger H. Grace, president of Roger Grace Associates (Naples, FL), is a 
technology marketing consultant to the MEMS and nano industries with 
more than 35 years’ experience. Contact him at rgrace@rgrace.com or  
www.rgrace.com.
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