
SCIENCE 
6 JULY 1990 

VOLUME 249 

NUMBER 4964 

American Association for the Advancement of Science 
Science serves its readers as a forum for the presentation 
and discussion of important issues related to the advance­
ment of science, including the presentation of minority or con­
flicting points of view, rather than by publishing only material 
on which a consensus has been reached. Accordingly, all ar­
ticles published in Science— including editorials, news and 
comment, and book reviews—are signed and reflect the indi­
vidual views of the authors and not official points of view 
adopted by the AAAS or the institutions with which the au­
thors are affiliated. 

Publisher: Richard S. Nicholson 

Editor: Daniel E. Koshland, Jr. 

News Editor: Ellis Rubinstein 

Managing Editor: Patricia A. Morgan 

Deputy Editors: Philip H. Abelson (Engineering and Applied 
Sciences); John I. Brauman (Physical Sciences); Thomas R. 
Cech (Biological Sciences) 

EDITORIAL STAFF 
Assistant Managing Editor: Monica M. Bradford 
Senior Editors: Eleanore Butz, Martha Coleman, Barbara 
Jasny, Katrina L. Kelner, Phillip D. Szuromi, David F. Voss 
Associate Editors: R. Brooks Hanson, Pamela J. Hines, Kelly 
LaMarco, Linda J. Miller 
Letters Editor: Christine Gilbert 
Book Reviews: Katherine Livingston, editor; Teresa 
Fryberger 
Contributing Editor: Lawrence I. Grossman 
Chief Production Editor: Ellen E. Murphy 
Editing Department: Lois Schmitt, head; Patricia L. Moe, 
Barbara P. Ordway 
Copy Desk: Joi S. Granger, Margaret E. Gray, MaryBeth 
Shartle, Beverly Shields 
Production Manager: James Landry 
Assistant Production Manager: Kathleen C. Fishback 
Art Director: Yolanda M. Rook 
Graphics and Production: Holly Bishop, Julie Cherry, 
Catherine S. Siskos 
Systems Analyst: William Carter 

NEWS STAFF 
Correspondent-at-Large: Barbara J. Culliton 
Deputy News Editors: John M. Benditt, Jean Marx, 
Colin Norman 
News and Comment/Research News: Ann Gibbons, David 
P. Hamilton, Constance Holden, Richard A. Kerr, Eliot 
Marshall, Joseph Palca, Robert Pool, Leslie Roberts, 
M. Mitchell Waldrop 
European Correspondent: Jeremy Cherfas 
West Coast Correspondent: Marcia Barinaga 
Contributing Correspondents: Joseph Alper, Barry A. Cipra, 
Robert Crease 

BUSINESS STAFF 
Circulation Director: Michael Spinella 
Fulfillment Manager: Marlene Zendell 
Business Staff Manager: Deborah Rivera-Wienhold 
Classified Advertising Supervisor: Amie Charlene King 

ADVERTISING REPRESENTATIVES 
Director: Earl J. Scherago 
Traffic Manager: Donna Rivera 
Traffic Manager (Recruitment): Gwen Canter 
Advertising Sales Manager: Richard L. Charles 
Marketing Manager: Herbert L. Burklund 
Employment Sales Manager: Edward C. Keller 
Sales: New York, NY 10036: J. Kevin Henebry, 1515 Broad­
way (212-730-1050); Scotch Plains, NJ 07076: C. Richard 
Callis, 12 Unami Lane (201-889-4873); Hoffman Estates, IL 
60195: Jack Ryan, 525 W. Higgins Rd. (708-885-8675); San 
Jose, CA 95112: Bob Brindley, 310 S. 16th St. (408-
998-4690); Dorset, VT 05251: Fred W. Dieffenbach, Kent Hill 
Rd. (802-867-5581); Damascus, MD 20872: Rick Sommer, 
11318 Kings Valley Dr. (301-972-9270); U.K., Europe: Nick 
Jones, +44(0647)52918; Telex 42513; FAX (0647) 52053. 

Information for contributors appears on page XI of the 
29 June 1990 issue. Editorial correspondence, including 
requests for permission to reprint and reprint orders, should 
be sent to 1333 H Street, NW, Washington, DC 20005. Tele­
phone: 202-326-6500. Advertising correspondence should 
be sent to Tenth Floor, 1515 Broadway, New York, NY 10036. 
Telephone 212-730-1050 or WU Telex 968082 SCHERAGO, 
or FAX 212-382-3725. 

Sensors, Computers, and Actuators 

The continuing trend to cheaper and more powerful computer chips opened the path 
to a great revolution in process controls. When sensors are available to provide 
information about phenomena, microcomputers can analyze the data and issue 

commands to actuators to respond appropriately. The processes that are now being 
beneficially monitored include manufacturing and operations of aircraft, automobiles, and 
electric power plants. Use of computer-based controls has proceeded unevenly with respect 
to various applications. Where expensive capital equipment is in place, such as in electric 
power plants, widespread exploitation of new sensors and microcomputers has been slow. 
In automobiles, where new models frequently appear and competition is great, the use of 
microcomputers has been growing rapidly. 

Coal-fired electric generating plants are subject to many modes of forced outages. When 
a large unit becomes suddenly inoperable, costs of replacement electricity alone may amount 
to $500,000 per day. Such lapses can be avoided if incipient failures can be detected. 
Principal causes of forced outages are leaks in boiler tubes and failures of rotating machinery. 
Often the problems have small beginnings and expand with time. Signals from equipment 
may have mechanical frequencies ranging from a few hertz through ultrasonic; optical 
signals may be infrared, ultraviolet, and higher. With appropriate sensors, data collection, 
and computer analysis, plant diagnostics can be achieved and a predictive maintenance 
strategy can be formulated. 

The automotive industry has been faced with the necessity of cutting pollution while 
improving mileage. It is also highly competitive. Initially computers were introduced on 
models as add-on features. But lately the sensor-computer-actuator systems have come to 
have important roles in the engineering of cars. More than one expert has estimated that at 
the end of this decade, average automobiles will contain electronic components costing 
$2000. As many as two to three dozen sensors could then be employed. At present most cars 
have computers to control a number of functions including the power train. A typical system 
contains eight power-train sensors that monitor variables such as air change temperature, 
heater exhaust gas oxygen, vehicle speed, and manifold absolute pressure. 

A manifold pressure device is of special interest because it employs an advanced silicon 
and glass sensing element to convert air pressure values into a variable frequency output. The 
crucial part of the sensing element is a silicon diaphragm whose electroresistive properties 
are modified when deformed by changes in pressure. The crystalline silicon wafers serving 
as blanks for the diaphragms are products available from the semiconductor industry. Much 
of the silicon sensor-chip manufacturing process can be highly automated, leading to 
cost-effective mass production of dependable components. 

Experts state that various forms of silicon sensors will have many additional roles in the 
future of automobiles. Silicon is a strong material that can withstand corrosion and the high 
air temperatures under the hood. Technology pioneered by the semiconductor industry is 
some of the most advanced anywhere. Some of the know-how can be used in making 
sensors. In addition, silicon can be micro-machined by chemical etching to exacting 
standards. Both sensor and computer capabilities might be included in a single chip. 

The automobile companies conduct R&D on silicon sensors and actuators. But they 
depend to a considerable extent on outside vendors. One of these is Honeywell. A recent 
communication from Norm A. Foss of that company had this to say: "...the revolution now 
going on in the manufacture of silicon microstructure sensors and actuators is truly 
amazing." He listed nine of Honeywell's microstructure sensors, including mass airflow, 
accelerometers, pressure, and gas composition. The airflow sensor has a dynamic range 
greater than 10,000:1. Actuators included electrical to pressure transducers, microvalves, 
and micros witches and relays. 

Substantial efforts at University of California, Berkeley, Massachusetts Institute of 
Technology, Cornell, and other universities are devoted to exploiting micro-machining of 
silicon to produce very tiny microdynamical systems. A goal is to develop the engineering 
science base and technology for the design, analysis, fabrication, and operation of devices 
and systems that have components that measure less than 1 mm3. Already a microgear has 
been fabricated that has the diameter of a human hair. The new technology has the 
possibility of fabricating systems that can perform entirely new functions. 

— P H I L I P H. ABELSON 
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