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Good depth resolution is one of the most important attributes of SIMS depth profiling. Gated
detection of secondary ions from asmall region within alarger raster is the method typicaly
used to provide the desired depth resolution. The raster and gate approach reduces the area that
must have a uniform depth, and minimizes the possibility of sidewall contributions.

One current challenge is the need to provide an analysis from aregion that has often been subject
to reduction in size without sacrificing depth resolution. On semiconductor wafers, the region
between devices available for dedicated SIMS analysis patternsis now no larger than 80 pmin
one dimension. Therefore the SIMS crater for a depth profile must be on the order of 75 um or
less. Thistask is often further complicated by the presence in regions adjacent to the analysis
area of ahigh concentration of an element that must be detected at |ow concentration. One
possibility isto perform this analysis without sidewalls. This can be achieved using sample
preparation to remove most of the specimen, leaving only amesaor pillar that is smaller than the
ion beam raster. [1] Thisisatimeintensive and risk prone process. Another approach would be a
mask generation of the desired pattern, [2] but this would require etching that might be unique to
the wafer and involve additional cost for each wafer. Contemporary FIB workstations have the
accuracy and primary current density required to locally remove the sidewalls. Figure 1 shows an
example of aFIB prepared SIMS analysis structure from a SIM S test pattern on a semiconductor
wafer. The region on the left has been totally excavated to check for ion milling effects and the
region on the right has been ion milled to provide a mesa structure. Typical overall milled
dimensions were an 80 um sguare with different mesa sizes. Note that many of the
semiconductor applications do not have requirements for deep craters, so that a depth of 1 um
may be sufficient. Preparation for one site was achieved in approximately 0.5 hr using a FEI 200-
TEM FIB. Figure 2 shows SIMS B and As depth profiles from a SIM S test pattern similar to
Fig.1 with and without the FIB removed region. SIM S analyses were obtained using a CAMECA
IMS-6f with Cs" primary beam and 30 pum diameter detected area. No difference was noted with
a 60 um raster, but the figure shows an improvement in the As profile for the FIB milled pillar
when the raster was reduced to 40 pm (nominal raster size — actual size larger by 1 beam dia.).

The results show that the concept is practical but only limited improvement was achieved.
Different configurations of the removed material need to be studied to optimize depth resolution
and determine the true value of this approach. This method may also be useful to study an array
of small areas, such as a particular segment of a semiconductor transistor, or particles surrounded
by amaterial that may cause a mass interference or charging due to an insulating material.

[1] R. von Criegern, | Weitzel, and J. Fortner, Secondary lon Mass Spectrometry, SIMS1V,
edited by A. Benninghoven, J. Okano, R. Shimizu, and H. W. Werner, Springer, Berlin, 1984,
308.

[2] F. A. Stevie, J. Vac. Sci. Technol. B10 (1992) 323.

https://doi.org/10.1017/51431927602105381 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927602105381

543CD

FIG.1 FIB secondary e ectron image of FIB milled structures
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FIG. 2 SIMS depth profiles on regions with and without FIB pillar
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