Industry adjusts to the MEMS market

By R. Winn Hardin 

Micromachines have captured the imagination of the popular press. People seem to love the idea of invisible robots keeping our arteries clean, our hair to a programmed length, and our electronics on track. The reality will most likely be both much less and much more than fiction. 

MEMS, or Microelectromechanical systems, stand on the brink of mainstream acceptance in the market-just as they have for the better part of a decade. The roots of the slow commercial appreciation for these remarkable devices can be traced, in part, to a lack of cost-effective applications, flexible manufacturing process, and adequate support. 

MEMS builds from microchips

Many industry experts point to a merging of CMOS and MEMS technologies as the perfect marriage of electronics and machine. They say that when low-cost manufacturing processes emerge that can accommodate both the microchip and micromachine, MEMS will finally gain the acceptance it deserves. 

Micromachine and microchip technologies have long been progressing down paths that were destined to meet. Today, LIGA and surface micromachining are the two primary methods used to create MEMS devices. Just as in manufacturing microchips, these processes can use photomasks, lithography processes, and etching to create a final product. Considering their similarities, it is not surprising that tweaked quality control, testing, and manufacturing equipment originally designed for the microchip market is finding use in the MEMS market. 

ADE Phase Shift (Tucson, AZ) supplies the microchip industry with noncontact surface metrology equipment for production control, failure analysis through measurement of surface shapes, and microstructure. When the MEMS market emerged, it was natural that ADE Phase Shift and similar companies would look to see if their products fit this new market. 

According to Inspection Products Manager Nabeel Sufi, ADE Phase Shift offers a white-light focus scanning interferometer to MEMS manufacturers and designers that uses interference to measure surface heights over the entire aperture to within 3 nm. In operation, the incident beam is divided by a beam splitter and the two beams travel equal distances-one to a reference mirror and one to the surface being measured. The reflections from the reference and surface also travel equal distances back to the beam splitter. The two beams then combine to produce interference that can be used to map a surface to within a few nanometers. 

Sufi said the company's instrumentation helps process engineers verify the volume removed by plasma etching as well as the measurement of discrete microstructure geometry. For example, cantilevered structures used for sensing acceleration, and more sophisticated geometries used in gyroscopes. 
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Figure 1. Diagram of twin-spot interferometric camera (courtesy of Instruments S.A.)


Although this system is similar to other interferometric-based surface metrology systems with high accuracies, Sufi said MEMS customers often request small changes to the system to meet their specific manufacturing and test needs (Figure 1). 

"At this point, people have various needs," Sufi said. "The MEMS market is in a state of flux in every aspect, from applications to design tools and manufacturing processes. Each party is individually directing its own metrology needs and with signed nondisclosure agreements. It's difficult to get three parties together and say, 'we know that all of you are asking for this particular tool and functionality.' What we're finding out is that we're spending a little more energy to satisfy each individual customer within the industry, and that's the price we have to pay to gain our position in the market." 

Although the customers' needs vary, Sufi said he is seeing some trends in the MEMS market -- mainly in communications and sensors applications and in bulk micromachining. "While the majority of our tools are being used in developing processes to create devices," Sufi said, "some of our customers are now in production and our tools are being used for process control. Others are pushing for in-situ measurements and plan to tweak the process on the fly." 

A dual-beam solution

The Thin Film Group of Instruments S.A./Horiba (Edison, NJ) also offers in-situ interferometric systems for production control of the MEMS etching process. Instruments S.A.'s Kevin Liddane said MEMS manufacturing produces relatively large features and/or deep trenches with high aspect ratios. In order to monitor in-situ etch rates and accurately determine end points (stop depth), the company found that a dual-beam interferometric system was necessary. 
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Figure 2. Micro motor as measured by ADE Phase Shift's MicroXAM surface profiler.


The resulting Twin-Spot Interferometric Camera has two laser beams, one positioned on the mask and the other in the trench. The system uses a video image of the wafer surface provided by an integrated CCD camera and a manual X-Y translation stage that allows the user to position the beams at specific locations on the wafer surface. By measuring phase shifts between the two beams, the twin-spot camera can monitor the etch rate and determine when a trench or other feature has reached the proper depth. The system then sends an end-point signal to the plasma etching tool, halting the process (Figure 2). 

"We use a single-beam system for measuring etch rates and performing process control in DRAM memory manufacturing," Liddane said. "In this case, the area of the trench is small compared to the size of the beam and a single beam can provide the signal from the trench and the mask. The resultant signals are averaged and provide enough data for etch rate measurements and endpoint control. 

"In MEMS," Liddane continued, "the trench may be much larger than the beam. Consider, for example, a beam diameter of 20 to 60 µm and a trench that is 100 µm wide. You don't have a reference signal since the whole beam falls into the trench. A double-beam system provides one reference and one sample beam." 

Other options include an automated pattern recognition system that uses the CCD image of the wafer surface, a motorized X-Y translation stage, and pattern recognition software to position the beams on a patterned wafer at a user-defined location. This is essential in a high-volume production environment in order to have good wafer-to-wafer consistency. The system also allows a high level of batch and post-processing analysis. 

Instruments S.A. is finding a viable market for its equipment in many MEMS applications. However, Liddane specifically pointed to air-bearing manufacturing for hard drives and accelerometers as commercial MEMS markets that are expanding today. In addition, the Twin-Spot Camera is sold to many tool manufacturers as an OEM system. 

Aspect ratio conundrums

The delicate 3D structures common to MEMS devices pose special problems for polishing and lapping of substrates. Logitech's (Westlake, OH) auto-pol system deals with the problem of substrate bow and unique features by placing the substrate on a reciprocating polishing platen. The platen itself can change shape to account for wafer irregularities or 3D structures, ensuring a planar finished surface, said Logitech's Keith Torrance. 

"The main thing with MEMS is very high aspect ratios with very thick films and steep topographies. That needs good flatness control and that's something we provide," Torrance said. 
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Figure 3. Picture of deep trench etching (courtesy of Plasma-Therm Inc.) 


Creating those high-aspect-ratio features is the work of companies such as Plasma-Therm Inc. (St. Petersburg, FL) and Norsam Technologies (Hillsboro, OR). Plasma-Therm has expanded its plasma etching product line through a license with Robert Bosch (Stuttgart, Germany) to create a dry, deep-trench etching system specifically for MEMS devices (Figure 3). "Basically, this gives you the ability to pattern a fine structure that is very deep and very narrow in a silicon substrate," said Jay Sasserath, Plasma-Therm's vice president and business unit director for the MEMS market. This product compliments our other offerings in plasma etching, deposition, and thin-film processing." 

Using focused ion beam technology to create high-definition photomasks with nanometer feature sizes, Norsam has positioned itself as a co-developer for MEMS-interested companies and researchers. 

"We're going to the nanoscale," said Norsam's chief technology officer, Jayant Neogi. "It's a very modified process of rapid prototyping for existing MEMS designs. Our customers like the [Jet Propulsion Laboratory (Pasadena, CA)] needed it so we developed it. We work with synchotron people as well as ion beam and others." 

According to Neogi and Norsam president, John Bishop, the company offers a very wide range of lithography equipment, from deep-UV to x-ray and high-resolution photomask manufacturing through focused ion-beam sources and proprietary photoresists. 

Neogi said high-frequency RF switches are among the devices that require such small feature sizes. "The switch is actually a cantilever. When it's just a few microns in size, the activation voltage is 5 volts instead of 15 or 20 volts. 

	Company Info: 

ADE Phase Shift

3470 E. Universal Way
Tucson AZ 85706-5007
Tel: (1) 520/573-9250
Fax: (1) 520/573-9355
Web: www.phase-shift.com 

Instruments SA Inc. / Horiba

Thin Film Group
3880 Park Ave
Edison, N.J. 08820
Tel: (1) 732/494-8660
Fax: (1) 732/549-2571
E-mail: thinfilmgroup@isainc.com
Web: www.instrumentsSA.com 

Logitech Product Group

Struers, Inc.
810 Sharon Drive
Westlake, OH 44145 
Phone: (1) 800/321-5834
Fax: (1) 440/871-8188
E-mail: info@logitech-us.com 

Norsam Technologies, Inc.

1570 Pacheco Street E-13
Santa Fe, NM 87505
Phone: (1) 503/640-0586
Fax: (1) 503/640-8117 

Plasma-Therm Inc.

10050 16th St. North
St. Petersburg, FL 33716
Phone: (1) 727/577-4999
Fax: (1) 727/577-7035
Web: www.plasmatherm.com 


Economics and flexibility

Like the photonics industry before it, MEMS seems to be searching for the right application-something like the next accelerometer for air bag deployment. "The real driving force is economics," said Plasma-Therm's Sasserath. "The question is, 'when will there be an application that makes economic sense?' The air bag sensor was the first MEMS product introduced, although there has not been a lot of money made on it. There need to be more applications where MEMS is an enabling technology and makes economic sense. Right now, there's an awful lot of experimentation." 

According to many MEMS experts, CMOS integration with MEMS structures will mark a significant turning point for the technology. Perhaps the potential market will be a new generation of MEMS actuators for hard-drive read-write heads. 

"Data storage is going to be a great application when you can not only do an electromechanical device, but put circuitry on parts of the disk drive and create an integrated solution," Sasserath said. "However, right now the biggest MEMS applications are actuators and gyroscopes for the automotive and transportation industries." 

Until mass production leads to industry consensus, however, it seems likely that equipment suppliers will have to be flexible and ready to invest in the right technology at the right time. To Phase-Shift, Sufi said, that means "a customized tool. There are portions of the metrology that are generic and others that are very specific to a particular customer. For a supplier, that's difficult to deal with, but it can be done. The key thing is partnering with those companies and developing the right relationships so that we can provide them what they need in a timely manner." 

R. Winn Hardin is a science and technology writer based in Jacksonville, FL. 
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Industry Focus briefs

If you did a search on MEMS on the Internet, you would probably come up with a huge number of hits. To help you get started in the right direction, here is one link that seems to pull everything together: 

www.people.cornell.edu/pages/akt1/memsmain.html 

This site offers links to conferences, MEMS education sites, labs, books, newsletters, associations, regional groups, and many others. 

If you click on "superlink," you'll find links to places such as CalTech, MIT, and Stanford, as well as to DARPA, NASA, and to the international scene. There's Green MEMS (for environmental protection), MEMS in Space, and MEMS Literature on the Web. 

There are even some fun links under "Other MEMS" that take you to such places as "Middle Ear Muscles." It's true. Check it out. 

