LETTERS TO THE EDITOR

sharp boundary of the distribution makes it pos-
sible to set the energy scale reliably.

If capture took place in an energy interval that
was narrow compared with the width of the elec-
tron distribution, the shape of the ion peak dupli-
cates the shape of the distribution, and the shift of
the maximum ion current relative to the maximum
distribution determines the capture energy. Fig-
ures 1 and 2 show the electron distributions in the
ion-current curves for SFg and CCl, (the ion and
electron currents are given in arbitrary units,
and a common scale is used). The correspond-
ence in the shapes of the ion peaks and of the elec-
tron distribution in the region of the maxima is
evidence that resonant electron capture in a nar-
row energy interval takes place for SFg and CCl,.
From the shifts of the maxima it was determined
that the capture takes place at 0 + 0.01 ev in SFg
and 0,02 + 0.01 ev in CCl, (in both cases the val-
ues are obtained by averaging eight measurements).

The resonant capture cross-section of SFg and
CCl, was found under the assumption that the cap-
ture takes place in an energy interval of 0.05 ev.
The cross-section was determined from the max-
imum ion current and from the electron current in
the interval from 0 to 0.05 ev, and calculated from
the formula

S = (Imax /7€) / (Al /B) 3,55-1016.273 (p/T) AL.

Here Imgx is the maximum ion current, Alg] is
the current of the electrons with energies from 0
to 0.05 ev, p the pressure of the investigated gas,
T the temperature of the working region, equal to
room temperature, L the length of the working
region, 7 the correction for recapture of ions by
the grids that screen the ion collector, £ the cor-
rection for the ion escape, B the correction for
the recapture of electrons by the grid that screens
the collector, and A the correction for the elonga-
tion of the electron path in the magnetic field.

It was determined as a result that o = (1.2
+0.4) X107 cm? for SFgand o = (1.7 + 0.4)
X 10718 ¢cm? for CCl, (both values were obtained
by averaging six measurements).

I thank V. L. Tal’roze for continuous interest
in the work and for valuable advice.
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IT is known that at photon energies near the
threshold of the internal photoeffect, correspond-
ing to approximately 0.7 ev for pure germanium,
the quantum yield is constant and equal to unity.i’2
This is in agreement with the usual concept of the
creation of one electron-hole pair upon absorption
of a photon.

If the photon has a sufficient excess energy
above threshold, additional electrons can be lib-
erated in the crystal as a result of impact ioniza-
tion. The possibility of a quantum yield of photo-
luminescence in excess of unity, upon excitation
by quanta with energies more than double the en-
ergy of the luminescence quantum, was indicated
by S. 1. Vavilov® in 1947. This phenomenon was
observed experimentally by Butaeva and Fabrikant®
in short-wave excitation of luminophors and by
Koc in an investigation of the internal photoeffect
in germanium. Experimental data on the increase
in quantum yield by impact ionization with photo
electrons or holes are important from the point of
view of the theory of scattering of carriers in a
crystal and the theory of impact ionization, devel-
oped by Chuenkov® and others.

We measured the quantum yield of the internal
photoeffect in N-type germanium in the wavelength
range from 1.5 to 0.254u. The quantum yield Q
was determined as the ratio of the number of ex-
cess free carriers to the number of absorbed pho-
tons. Single germanium crystals with a specific
resistivity p ranging from 10 to 20 ohm-cm and
with initial diffusionlength L of approximately 1.5
mm were used in the experiments. Crystals in the
shape of platelets 0.3 — 0.6 mm thick and approxi-
mately 1 cm? in area were illuminated on one side by



360 LETTERS TO THE EDITOR

monochromatic light. On the opposite side, indium
was fused into the platelets2 toproduce an N-P junc-
tion. Light of the required wavelength was sep-
arated by a monochromator with a quartz prism.
The light sources were a SVDSh lamp for the
infrared and visible regions, and a PRK-4 mer-
cury quartz lamp for the ultraviolet region. The
energy flux of the incident beam was measured
with a compensated thermopile calibrated against
a Hefner lamp.

The receiver for the 366, 313, 289, and 254
lines in the ultraviolet region comprised the lum-
inescent compound “lumogen,” which has a con-
stant glow yield, and a FEU-25 photomultiplier.
Calibration was by direct comparison with the
readings of the thermopile at a wavelength of 365u.

The quantum yield was calculated from the for-
mula

Q = Ihc/aerP; (1 —R), (1)

where A is the short-circuit current between the
N and P regions, corresponding to a hole cur-
rent from the N region, where the photons are
absorbed, into the P region of the crystal; Pj is
the power of the incident radiation; « is the co-
efficient of carrier collection, which in this case
can be calculated from

2/ =(1+ SL/D)ef 4 (1 —SL/D) e~ (2)

Here L is the diffusion length of the excess car-
riers in the N—regfon, d the thickness of the
crystal, D the bipolar diffusion constant, and S
the speed of the surface recombination.

The total coefficient of reflection R, as was
already indiciated,’ depends on the method of
treating the germanium surface, which is etched
to reduce the speed of surface recombination. R
was measured with an integrating photometric
sphere that permitted determination of the ratio
of the coefficient of reflection from the investi-
gated germanium crystals to that from the surface
of a thick layer of magnesium oxide, whose coef-
ficient of reflection is known. The radiation re-
ceiver used in the ultraviolet region, as in the
measurement of the energy flux, was a layer of
“lumogen” and a photomultiplier.

The diagram shows the curve R (hv) and the
values of the quantum yield in the energy range of
photons from 0.83 to 4.9 ev, calculated from for-
mula (1). The quantum yield vs. photon energy
curve shows clearly the considerable increase in
Q, which, however, begins not with the energy of
the liberated electron (s 1.4 ev), but at higher
energies. This was to be expected on the basis of
the work by Chuenkov,® according to which the
probability of impact ionization is negligibly small
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compared with the probability of energy transfer
at carrier energies only slightly above the width
of the forbidden band. According to Chuenkov’s
calculations, the probability of impact ionization
reaches a value of $ at a carrier energy of ap-
proximately 2 ev. At large values of hv the rise
in the quantum yield slows down, i.e., the mean
energy €, expanded on the production of the elec-
tron-hole pair, increases. It was observed in ex-
perimental investigations of the “multiplication”
of fast electrons in germanium, that increasing
the electron energy W leads also to a certain in-
crease in €, whose value is 3.7+ 0.4 evat W =
5—15 kev and to 4.5—5 ev at W =500—1,000
kev.®

" The authors express deep gratitude to M. N,
Alentsev, B. M. Vul, and V. A. Chuenkov for crit-
icism and advice.
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