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Making Micromachines

by Eric J. Lerner

roducing micromechanical devices such as pressure
Psensors by techniques similar to those used for making
microcircuits has become routine. Mechanical and optical
devices less than a millimeter across—often far less—have
entered the marketplace. Until recently, however, produc-
tion techniques limited both the size and the vari-
ety of micromachines that could be built. But
now, new processes are making possible the pro-
duction and assembly of more complex three-
dimensional devices and much smaller, nanoscale
devices as well, such as the Swedish walking
microrobot illustrated in this article. Laser-based
micromachining is beginning to supplement the
chemical etching techniques long in use.

The most widespread technique for making microme-
chanical and micro-optical devices relies on the same
photolithographic approach long used to craft microcir-
cuits. That is, a pattern is first embodied in a lithographic
mask. Then the workpiece is overlaid with a resist, a pho-
tosensitive material that is exposed to light that passes
through the mask. Where the resist is exposed and chem-
ically transformed, it is then chemically etched away, as is
the underlying layer of the chip, thus transferring the pat-
tern in the mask onto the chip.

What differentiates the process used in producing
micromachines from that used in producing microcircuits
is the necessity to liberate parts of the machine from the
underlying layers so they can move. For example, in an
accelerometer used in such devices as seat-belt interlocks
(see The Industrial Physicist, 9/98, pp. 46-47), a tiny can-
tilever beam must be able to move, so a region of material
has to be cut from underneath the cantilever to free it. To
produce such undercut regions, which are essential to
most micromachining, a layer between the substrate and
the overlying cantilever, known as a sacrificial layer, is
etched away from the side.

Existing techniques using sacrificial metal layers have
several drawbacks. First, applying the layers tends to be
costly. Because thermal evaporation of the layer onto the
substrate does not yield good-quality films, plasma sput-
tering is generally used. However, this involves relatively
expensive equipment and slow rates of coating. In addi-
tion, dissolving the sacrificial layers is difficult because
strong acids are needed to attack the material from the
edge in a reasonable length of time, yet the acids must not
dissolve the substrate or the overlying layers that need to
be freed to move.

To overcome some of these difficulties, recent research
has turned to the photoresist materials themselves as sac-
rificial layers. This process, developed at the Rutherford

Appleton Laboratory in Oxon, England, has several steps.
First a relatively thin layer of photoresist (several microm-
eters thick) is laid down and patterned photolithographi-
cally. The remaining photoresist, after etching, is then
flooded with ultraviolet radiation to make its later removal
easier. Second, a thin electroplate is laid down on the
photoresist to protect it in the next step, in which a thick
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