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DETERMINATION OF THE IMPURITIES IN SI AND GE CRYSTALS USING
PHOTOTHERMAL IONIZATION AND ABSORPTION IR SPECTROSCOPY.
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A complex problem for application of IR absorption (AS) and phototherrnal ionization
(PTI) spectroscopy in analyze of semiconductors is quantitative determination of electrically
active impurities in high-pure and doped crystals. In this report several analytical
applications and new spectroscopic data on frequencies, oscillator strengths, linewidths and
concentration broadening for impurities necessary for the quantitative analysis using IR
spectroscopy methods will be reported.

The new calibration coefficients for absorption spectroscopy (oscillator strengths for
impurity optical transitions) were determined from high resolution (down to 0.01 cm1 (1.2
j.ieV)) photoexcitation FT-IR spectra of major shallow impurities in silicon and germanium
single crystals. In contrast to the previous works the values of oscillator strengths for
elementary acceptors B, AL, Ga in Si and Ge have been very close to the theoretical data Our
data for phosphorus, like the previous results, diverge considerably (by a factor of 1.5-3) from
the theoretical data.

We have shown by comparison of impurity transition linewidths in high resolution
absorption and PTI spectra that the values of linewidths in PTI spectra were wider than those
in the absorption spectra. The additional broadening of the strong lines in PTI spectra is due
to the increase of absorption path length of IR-radiation under the registration of PTI
spectra. The linewidths of the PTI lines decrease systematically with reduction of the impurity
concentration. This effect is observed down to very low concentration of major shaltow
impurity ( in Ge down to - 1010 cm'J and in Si down to - 1012 cm'J). The method of
quantitative determination of impurities with detection limit down to 10s at/cm3 was developed
using the concentration dependencies of PTI linewidths. Contactless technique has been used
for photoconductivity measurements.

The results of determination of nature and concentration of impurities in pure and in Au-
doped Si wafers for high power gyrotron windows will be discussed.
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