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In comparing Figs. 2(a) and 2(b) one can see
that the intensities of the condensed-phase re-
combination lines are much greater than the in-
tensities of exciton recombination lines. The
high intensities of the condensed-phase lines are
characteristic of previous experiments where
optical excitation was used.

We feel that the injection of carriers provides
a new way to study the collective properties at
low temperatures of electrons and holes '.n ger-
manium and possibly other semiconductors.
These phenomena might also have interesting
device applications. A study of the transport
properties and kinetics of electrons and holes
injected into germanium and silicon is in prog-
ress and will be reported shortly.
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FIG. 2. Recombination-radiation spectra at 1.7'K and

(a) 50 mA; (b) 600 mA. The vertical intensity scale is
given in relative units. The units are the same for both
parts of the figure.

We found that at low current levels (typically
1 to 100 mA) only the condensed phase recombin-
ation lines were observed and at higher currents
(typically 300 to 1000 mA) only exciton lines
were observed. The recombination radiation
spectra at 1.7'K shown in Fig. 2 are typical of
results from several devices and a variety of
temperatures between 1.5 and 3.1'K. For a de-
vice current of 50 mA the spectrum [Fig. 2(a)]
shows the LA- and To-phonon-assisted con-
densed-phase recombination lines at 708.5 and
700 meV, respectively. At the same tempera-
ture but at a current of 600 mA, the spectrum
[Fig. 2(b)] shows the LA- and TO-phonon —assist-
ed exciton recombination lines at 714 and 706
meV, respectively. Experiments are underway
to determine if the transition is due to the effects
of increased electric field, increased device
temperature, or possibly other causes.
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