SILICON MICROENGINEERING (SME)
THE ANISOTROPIC ETCHING OF SINGLE CRYSTAL SILICON TO
MAKE MINIATURE ELECTRO-MECHANICAL SENSORS
 The required structure on a 4-inch
diameter silicon wafer is defined by
photolithographic masking. The
etching process dissolves certain
crystallographic planes preferentially,
while others, principally the (111)
planes, are almost insoluble.
Insolubility of the silicon is also
achieved by boron- or junction-etch stops, through doping of the
silicon.
 John Greenwood discovered the boron
etch-stop at STL, and this is the first
published picture of the result of the
etch-stop.
 John Greenwood, initially in Jackie
Jackson’s Dept but subsequently in
Pete Graves’ Dept, designed a great
variety of experimental structures,
which were fabricated by Ron Stern, Iris Hussey, David Wilson,
Colin Evestaff and others in extensive clean rooms on K-corridor.
PRESSURE SENSORS
 The first commercial application
of SME technology was a pressure
sensor for ITT Barton Industries
(City of Industry, California). A
multiple array of diaphragms was
etched in a silicon wafer after
strain gauges were formed on the
reverse side of the wafer.

 A novel form of vibrating
pressure sensor with an etched
butterfly-type structure was
developed and processed by the
SME Team. The etched pit is
approximately 1.8mm by 2.5mm.

In the assembled prototype sensor,
the cavity between the resonator chip
on top and the substrate chip is
evacuated. The diaphragm position is
altered by atmospheric pressure.

 When the SME projects were
terminated in 1989, Druck Ltd (of
Leicester) licensed the vibrating
pressure sensor device and John
Greenwood, David Satchell and Ron
Stern transferred as part of the
licensing arrangement. Druck
subsequently developed the
instrumentation around the
Absolute Barometric Resonant
Sensor (i.e the STL device) into a
commercial product, on sale today
after various modifications.

ACCELEROMETERS
There were three accelerometer projects:
 Resonant cantilever accelerometer:


Capacitive accelerometer in
collaboration with Coventry University:

 Rugged piezoresistive accelerometer:

The proof mass in the centre was mounted between two more silicon
layers etched to form a cage with movement limited to about
10 microns in all directions. The accelerometer was developed for the
MoD, and some prototype devices were tested by mounting them in a
test shell that fired vertically up to a height of about 10 miles on the

MoD test firing facility on Salisbury Plain. The shells come down in an
adjacent field (the cows had been removed!) and buried themselves
about 10 feet down. A giant auger drilled into the marl and a man went
down on a ladder to recover the payload. Some of the devices still
worked after this journey into space and the earth!
FIBRE OPTIC WELL MONITORING (FOWM)
The FOWM device was a collaborative development with Roger Jones
and David Pitt, and was aimed at measuring pressure in oil wells. The
principle was based on a length of silicon
tube that was compressed by the pressure,
reducing its diameter. A silicon resonator
was mounted across the diameter of the
tube so that the
resonator was
stretched by the
movement and so
changed frequency.
The resonant
frequency was
measured by optical
means. Ken Taylor of
the Advanced Cable
Engineering R&D Dept
ruggedized the device for down-well use.
A prototype device was installed in a test well where the temperature

was about 80oC, and continued to work for at least 6 years.

ETCHED STRUCTURES USED IN OTHER PROJECTS
1. A 3 micron thick membrane was etched in a 50 mm silicon wafer
with an unetched 5 mm supporting annulus, for use in an X-ray
lithographic equipment developed by T.M. (aka Jackie) Jackson
and Rudolf Heinecke. The membrane was patterned with
0.6 micron hafnium. Subsequently a 3 micron thick membrane was
selectively etched in a 100 mm silicon wafer with an 8 mm
supporting annulus,
2. A multi-aperture silicon mask was made to define the area of
selective plasma etching of quartz resonators <see Plasma
Processing display>. The mask was similar in design to the array
of pressure sensors described above, except there was no
diaphragm.
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