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In semiconductor manufacturing and development, many new technologies are being developed. Physical
analysis technology has made remarkable progress in the last 20 years, and Transmitted electron microscope
(TEM) and Ultra violet laser atom probe tomography (APT) have made it possible to measure close to one
atom.

On the other hand, the elements necessary for knowing the electrical characteristics of a semiconductor
are the composition, the crystal structure including the electron density of states, the trace amount,
and the shape. Of these, the measurement of trace elements in a minute region is insufficient even with
the latest technology described above.

In this thesis, it was mentioned that the minute measurement in the minute part is related to the
definition of concentration itself and that the performance of the measuring device is insufficient.
Furthermore, it was shown by numerical calculation that the minute PN junction position had fluctuations.

Next, the performance of conventional physical analysis was compared. Furthermore, in order to measure
impurities, the measurement conditions required for low—concentration thin film measurement were extracted
by secondary mass spectrometry (SIMS) and APT. Then, it was found that sufficient accuracy could not be
obtained with the 100 um square of the test pattern used in semiconductors.

Therefore, in order to improve the conventional measurement method, a sputtered neutral particle mass
spectrometry method (SNMS) using tunnel ionization using a femtosecond pulse infrared laser was examined.
For the measurement, a focused ion beam (FIB)-Time of flight (ToF)-SIMS device equipped with a Ga FIB,
which has excellent surface resolution, was used. The silicon substrate ion implanted boron was used for
measurements. As a result of this measurement, it was confirmed that FIB-ToF-SNMS has 100 times higher
detection efficiency than the conventional FIB-ToF-SIMS.

However, unlike Cs—STEM, it is possible to make measurements that have reached the ultimate in a sense
by observing the individual atom itself, but the impurity analysis has not reached the ultimate sensitivity.
Further development is needed in the future.
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