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may be differentiated and written in the form
dc/dP=—[(8r)2/ (kT)**m"2K?]
X {2[ K~ (dK/dP) ]+3i[m ' (dm/dP)]}.

The terms in the bracket are of comparable magnitude
and opposite sign, and the capture coefficient is there-
fore approximately independent of pressure. For this
reason the change in excess carrier lifetime with pres-
sure may be attributed almost entirely to a change in
the energy of the recombination level.

The analysis of the data for the p-type sample is
complicated by the fact that a trapping center exists in
conjunction with a recombination center. This situa-
tion results in a loss of information in the low-tempera-
ture region about the capture coefficient, and hence a
determination of the type of centers (donor or accep-
tor) is impossible. The recombination level lies 0.13 eV
from one of the band edges, and approaches that band
edge as the pressure increases. If the recombination
level results from a chemical impurity, Table I shows
that there are three impurities having ionization en-
ergies close to 0.13 eV: Au, 0.15 eV; Ag, 0.14 eV; and
Mn, 0.16 eV. Lacking any more definitive information
about the parameters of this recombination center, it is
not constructive to speculate further about its specific
character.

The slope of the lifetime-temperature curve in the
low-temperature region indicates that the trapping
center is close to one of the band edges, thus con-
firming its behavior as a trap. However, no other in-
formation is available concerning the nature of the trap.

VII. SUMMARY

Measurements of the excess carrier lifetime as a
function of temperature and pressure have been made
on n- and p-type germanium.

The 14-Q cm n-type sample contains a donor-type
recombination level 0.18 eV from the valence band, as
determined from the temperature variation of the life-
time utilizing the Shockley-Read theory. Measure-
ment of the pressure dependence of the lifetime up to
10 000 kg/cm~? indicates that this recombination level

approaches the valence band at the rate of 1.2X10~*
eV cm? kg~!. From the behavior of the lifetime under
hydrostatic pressure, it was inferred that the level is
associated with an interstitial impurity. Low-tempera-
ture (~240°K) data indicate that the electron and
hole capture coefficients are independent of pressure.

The 5-2 cm p-type sample contains a recombination
level 0.13 eV from one of the band edges, and a trap
level 0.05 eV from one of the band edges. Pressure
measurements on the recombination level showed that
it approaches the nearest band edge at a rate of 1.5X
10-% eV cm? kgL
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