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Well known for their results in metrology, scanning 
probe and atomic force microscopies undergo design 
upgrades that bring these once familiar techniques to an 
emerging user base. 
Scanning probe microscopy (SPM) is a family of techniques 
best known through the advent of atomic force microscopy 
(AFM). For years it had been an esoteric technology, used 
primarily for investigating the physics of surfaces and sub-
micron particles. However, on-going analyses of the 
microscopy arena conducted by Microscopy/Marketing & 
Education, Inc., Springfield, Mass., reveals that AFM and its 
related SPM technologies have matured and have migrated 
from basic research to applied R&D, and on to failure 
analysis and QA/QC. 
 
This trend is mirrored by the work of today's material 
scientists and nanotechnologists whose concerns center on 
structure to function relationships. SPM addresses these 
concerns by correlating topography with chemical and 
physical properties in a combination of images and 
spectroscopies, all done on one instrument. Moreover, its 
ability to perform nanomanipulation and nanolithography 
adds to its wide range of competencies spurring its growth 
and market position.  
 
Eye on design 
The new SPM designs as of late are following two general 
directions; some are being built to be extremely flexible and 
versatile, conducting multiple tests on one instrument without 
the need to change scanners, while others are being 
designed for specific research ventures. For example, some 
are portable, sitting directly on samples such as turbine blades. Others are designed to 
handle large samples (on the order of 300 mm) or provide extreme environmental isolation 
or ultra-high vacuum.  
 
New needs in materials analyses are also driving SPM engineering efforts, with a call for 
new capabilities for advanced magnetic studies, solutions to imaging distinct polymer 
phases and fine structure, and high-throughput research.  
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Magnetic personalities 
The advent of microelectromechanical systems (MEMS) 
and expansion of applications of magnetic materials, 
especially in thin films, have fostered the need for SPMs 
that are built from non-magnetic materials and are fitted with 
external magnetic fields. These new instruments need to be 
more robust, to accommodate the large electromagnetics 
required, but flexible enough to conduct all the normal 
imaging functions. The demand for such capabilities has led 
to the use of Scanning Magnetic Force Microscopy (MFM), 
which is now being applied to R&D of magnetic memory 
and spintronic devices and magnetic biological specimens.  
 
AFAM open new views 
Polymer scientists have faced several significant structure 
to function challenges. A new SPM technology called 
Atomic Force Acoustical Microscopy (AFAM) provides 
solutions to some of their long standing problems: a) 
Differentiating one polymer phase from another, b) Imaging 
fine structure within those domains, c) Direct measurement 
of Young's Modulus.  
 
In AFAM, an acoustic wave is sent through the sample. Materials of different elasticities 
respond uniquely to the wave.  
 
High througput screenings 
Genomics and proteomics have relied heavily on high-throughput techniques to dramatically 
cut research time and improve diagnostics. The same efficiencies are now available to 
materials scientists and nanotechnologists in High-Throughput Combinatorial Microscopy 
(HTCM).  
 
For HTCM, the SPM is fitted with a special rotating stage. Each position uses a vacuum 
chuck to hold a silicon wafer substrate, onto which an array of different materials or process 
results can be "spotted" or plated. Close examination of the wafer shown at left illustrates 
one such array, which may typically carry 16 to 100 test sites.  
 
Final thoughts 
No longer the purview of esoteric physics, SPMs are providing new insight into structure to 
function relationships on all levels of research. By providing a window through which users 
can actually watch and catalyze processes, image differences in electrical, mechanical, and 
chemical domains, on both micro- and nano-scales, these tools have solidified their position 
as a mainstream partner in the analytical process. 
 
--Barbara Foster 
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