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Fig. 1: Photo of the AFM

components save for one, while that in [2] requires several
more custom-built parts and electronics. The commercial
components in the proposed device lead to a fast build time
and easy maintenance without an increase in cost. Second,
the AFM developed at MIT is designed around a specialized
interdigitated cantilever, which must be custom made at one
of the few fabrication labs available to academics, such as
the one at MIT. Because such a lab was not available to the
authors, or indeed to most control academics, the AFM was
designed to use standard, inexpensive and reliable commercial
probes.1

The remainder of the paper is split into two sections.
Section II provides an overview of the microscope and its
basic functions. Section III covers the lab that is currently
running at the University of Cambridge using the developed
device, in which students go through an entire controller
design procedure from modeling to implementation and finally
to using their controllers to take scans of various materials.

II. ATOMIC FORCE MICROSCOPE

A. Principles of Atomic Force Microscopy
An AFM functions by dragging a sharp pin, mounted on

a beam (the cantilever) back and forth over a sample. As it
moves, the contours of the sample cause the cantilever to bend
up and down, and by measuring the height of the cantilever,
the surface features of the sample can be determined. The
AFM works because this height can be measured with extreme
accuracy – down to a resolution of a few picometers on a
commercial AFM. This resolution is achieved by bouncing a
laser off the tip of the cantilever, which is a polished mirror.
The angle of the reflected laser changes as the cantilever bends,

1The authors of [2] provide fabrication instructions and indicate on their
website [3] that the National Nanotechnology Infrastructure Network (NNIN)
may be able to provide microfab facilities for academic use. They also offer
interested educators small quantities of the interdigitated probes at a nominal
cost.

and the position of the reflected laser spot on a detector is pro-
portional to the height of the sample and inversely proportional
to the length of the cantilever. This inverse proportionality
gives the AFM its resolution, since the cantilever is produced
using photolithography, and is generally only a few microns
long.
The class of instruments called AFMs contain many varia-

tions on this theme. In particular, the tip of the cantilever is
generally never in contact with the surface of the sample, but
instead is held close enough that it is effected by the strong
atomic force of the sample (hence the name). This lab uses the
crudest approach, in which the tip is in direct contact with the
surface and as a result the resolution is significantly lower than
that which can be achieved on a commercial AFM. However,
even this crude instrument is capable of measuring features on
the sub-micron scale.
The geometry of a simple AFM is shown in Fig. 2; note that

the scale is off by several orders of magnitude. As the height
of the sample changes and the cantilever moves upwards by
a distance h, the laser’s angle of reflection θ changes and
the laser moves along the detector by a distance r. Some
simple computations show that the position r of the laser on
the detector as a function of the change in height h of the
cantilever is

r =
2l(D + d cos(θ))h + 2d sin(θ)h2

cos(δ)l2 − cos(δ)h2 + 2 sin(δ)lh
, (1)

whereD is the distance between the cantilever and the detector
and δ is the misalignment angle between the detector and the
incoming laser. Note that the height h is much smaller than
the length of the cantilever l (nanometers vs microns), and the
distance D between the detector and the cantilever is several
orders of magnitude larger than the length of the cantilever l.
As a result, one can accurately approximate (1) with the linear
relation

r ≈ 2D

l
h ≈ 2000 · h , (2)
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G(s) = c
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