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Scanning microscopy 

Many fingers make light work 
Jonathon Mamin 

As scanning-probe microscopes have 
evolved from the early 1980s, they 
have moved out of the research 

laboratory into the technological arena. This 
has largely been driven by the fact that the 
instruments have become so easy to use. 
Two reasons for this are the use of batch
fabricated micromachined cantilevers, and 
simplified schemes for measuring their 
deflection. But new applications are being 
envisaged, such as using probe tips for nano
metre-scale lithography and data storage, 
that will require many devices operating 
simultaneously. The new level of complexity 
required will put a premium on approaches 
that simplify the overall design. Now Manalis 
and colleagues at Stanford University have 
made a new type of cantilever for scanning 
force microscopy that combines extremely 
simple optical detection with high sensitivity 
for the most demanding applications 1• 

The scanning force microscope uses a 
sharp tip on the end of a sprung cantilever to 
detect and map out forces or topography 
over a surface. The ability to make an 
extremely soft cantilever and to measure its 
deflection at the angstrom level allows one to 
work with very small forces. In the original 
design, a piggy-backed probe tip was placed a 
few angstroms above the back of the canti
lever2, and the deflection was measured by 
the electron current tunnelling from the tip 
to the cantilever. 

But this type of displacement sensor, 
though highly sensitive, proved to be a bit 
painful to use in practice. For the less experi
mentally gifted, it became desirable to devel
op a simpler, more robust sensing scheme. 
Optical measurements are essentially non
perturbing and can be made remotely, so 
they offer a reliable alternative. Optical inter
ferometry1'4 measures the difference in opti
cal path length between a beam reflected off 
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the cantilever and a reference beam. It too 
is highly sensitive, but typically requires 
critical alignment of the optical compo
nents. Optical beam deflection5 is a simple 
though somewhat less sensitive alternative, 
requiring only a laser beam to be reflected 
off the backside of the cantilever into a split
cell photodiode. Because of its simplicity, it 
is the technique used in most commercial 
instruments. (Indeed, it is sobering that 
instruments that once were found in only 
a handful of the world's leading research 
institutions are now being sold as under
graduate teaching aids.) 

The newest approach' combines the 
simplicity of optical beam deflection with 
the high sensitivity of interferometers. At the 
heart of the technique is a micro machined, 
movable diffraction grating, an idea previ
ously proposed for high-resolution projec
tion displays6. A laser beam hits the canti
lever's interlocking fingers (Fig. 1). If the 
cantilever is not deflected, then it acts essen
tially as a mirror, and the light is mostly 
reflected. But if the outer cantilever is 
deflected relative to the inner support, then 
the differing heights of the fingers set up a 
grating, and the light is diffracted at well
defined angles. 

This method simply requires a laser to be 
roughly aligned on the cantilever, and a 
photodiode to catch the diffracted light. In 
fact, the set-up is nearly identical to the 
beam-deflection technique used in commer
cial instruments, and is completely compati
ble with it. But because diffraction is inher
ently a form of interference, the technique 
has the higher sensitivity associated with 
interferometry. No apparatus need be close 
to the cantilever, so it could be used in 
awkward environments, such as liquids or 
vacuum. Finally, there is no need for a critical 
alignment of the diffracted laser spot onto 

Figure I Micrograph ofthe 
interdigital cantilever'. As in 
other atomic force microscopes, 
a tiny force on the tip of the 
cantilever makes it bend. But 
here, the grating formed by the 
interlocking fingers diffracts a 
laser beam, and the fraction of 
light in each diffracted spot 
depends on the deflection. 
Typically, the first two beams are 
about 1 mm apart at a distance of 
20 mm - easily collected using a 
single split -cell photodiode. The 
method can detect displacement 
oforder0.01 A, or less than 1 o/o of 
an atomic diameter. 

the photodetector as with beam deflection, 
because it is only the intensity of the dif
fracted light, rather than its position, that 
matters. 

It has long been thought that scanning
probe techniques, with their ability to modi
fy surfaces on the nanometre scale, might 
some day be applied to lithography or data 
storage. In fact, the group at Stanford have 
already made a 0.1-j.Lm metal-oxide field
effect transistor using tip-based lithography 
with a single tip7 • But one of the main prob
lems is data throughput, since scanning
probe techniques are fairly slow. By operat
ing an array of cantilevers in parallel, how
ever, the throughput can be improved, and 
the group have now made arrays of canti
levers with integrated piezoresistive strain
gauges and piezoelectric actuators. They 
have also successfully patterned silicon using 
two tips operating simultaneously, with 
individual control of theloading force8• 

In these devices the strain-gauge is in
tegrated onto the cantilever itself, making it 
perhaps the simplest of sensors, with an elec
trical readout and no external components. 
That makes working with multiple canti
levers much easier, and it is an important step 
towards practical cantilever arrays. But the 
piezoresistive sensor is not yet as sensitive as 
optical methods such as interferometry. The 
interdigital cantilever' may be simple enough 
to use with arrays, and yet sensitive enough 
for more demanding applications. 

The rapidly advancing field of micro
mechanics is making it possible to give scan
ning probes entirely new abilities. One can 
picture arrays of cantilevers with probes 
tailored for specific purposes. Already, new 
applications are emerging, such as femto
joule calorimetry9 and single-spin magnetic 
resonance10, that place the utmost demands 
on the cantilever and the detection scheme. 
While it remains to be seen what the techno
logical impact of these advances will be, we 
can expect more innovations to add to the 
versatility and power of scanning-probe 
techniques. n 
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