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and, therefore, the magnetic field is uniform in the
film and equal to the applied magnetic field.

50ne expects that the size of the superconducting
islands must be at least as large as the supercon-

ducting coherence length. The thin films studied here
are type-II superconductors and the coherence length

$ is determined from the relation $ = ~{&yFS/4)'

where E is the mean free path, vF the velocity of the
electrons at the Fermi surface, and b, the energy gap
[P. G. de Gennes {private communication)]. Using

0
this relation we obtain $ -200-400 A for the films
studied. Since this is much shorter than the width of
the strips, the island' picture is feasible at least
with respect to this consideration.
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The photoresponse of surface barrier rectifiers'
made by evaporating a metal such as gold or plat. -
inum on a cleaved surface of AlAs and AlSb has
been measured in the front wall configuration.
The photoresponse of such units for hv & E, where
E is the energy gap, will be proportional to the
absorption coefficient as long as the optical atten-
uation length is large compared to both the width
of the space-charge region and the minority car-
rier diffusion length. The analysis is essentially
the same as that for p-n junctions with the excep-
tion that the barrier is at the surface and hence
more sensitive to photons of high absorption coef-
ficient. Photoinjection of carriers from the met-
al into the semiconductor for photon energies
where hv & E can also be observed. '

If for indirect band-to-band transitions the ab-
sorption coefficient o. is proportional to (hv- hvar),
where hvt is the threshold energy for the absorp-
tion and if the assumptions made above are valid,
then the (photoresponse)"' should be proportional
to hv - hv~. For direct band-to-band transitions
the absorption rises to large values much more
rapidly near the direct threshold, and the photo-
response should also show an abrupt rise. As in
the case of the absorption measurements, it can
be anticipated that indirect processes which occur
for higher energies than the direct one will be
largely obscured. Photomeasurements of this
type have been used to determine the dependence
on composition of both the direct and indirect
transitions in the Ga(Asl P ) system. '

The room-temperature energy gap' of A1As is
apparently close to 2. 2 eV. The value 2. 16 eV
is frequently given, but the present authors were
unable to locate the source of this value in the
literature. Paul' has pointed out that systematic
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extrapolation from silicon would suggest that the
deepest minima in the conduction band are in the
(100) directions (s, states). To the best of the
authors' knowledge, no other experimental infor-
mation concerning either the (100) minima or any
of the higher lying minima in this material is
available.

The room-temperature energy gap' ' of A1Sb is
approximately 1.5 eV and again extrapolation
from silicon suggests (100) conduction-band mini-
ma. Pressure measurements' and electron ef-
fective-mass studiese tend to confirm this predic-
tion. It has been suggested that the (000) mini-
mum is -0. 3 eV above the (100) minima. This
conclusion was drawn from optical and electrical
measurements' of the (Gal Al )Sb system and
was supported by infrared measurements" which
showed an absorption band in n-type material with
a threshold of 0.29 eV. The absorption was at-
tributed to interband transitions between the two
types of minima. However, this interpretation
has been questioned recently' for similar infrared
evidence in the case of GaP.

The results of the measurements on AlAs are
illustrated in Fig. 1(a), where the (photovoltage)"'
vs hv is plotted for gold on an n-type sample.
Very similar results were obtained for several
samples. The low-energy response, hv&E&,
arises from photoinjection from the metal. Ex-
trapolation of this response to hv & E& and sub-
tracting from the measured values shows clearly
both the indirect and direct transitions. Again
extrapolation of the indirect response and sub-
traction gives just the direct edge. The values
of hv& are 2. 1 eV for the indirect process and 2. 9
eV for the direct threshold. The results confirm
the indirect nature of the absorption edge the hvt
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FIG. 2. Probable identification of conduction-band
minima in (GaAl)8b based upon the A18b minima deter-
mined from Fig. 1. Square points are from reference 6.
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FIG. 1. Photovoltaic response of surface barrier
contacts on A1As and A1Sb. The straight lines are the
result of the subtraction procedure described in the text.

= 2. 1 eV is in reasonable agreement with the often
quoted F. =2. 16 eV value. A dashed line is used
for the direct transition response, since the rise
is sufficiently abrupt that its dependence on hv is
not given by the data.

The photoresponse for p-type AlSb is shown in
Fig. 1(b). Similar data were obtained for several
samples. This material does not show breaks
in slope as clearly as AlAs and other materials
previously studied. It is clear, however, that at
the low- energy end of the data where h p & 1.5 eV,
the response from the metal is being observed.

Only the high-energy portion of the metal response
is shown in Fig. 1. It is also clear that the rapid
rise corresponding to the direct transition does
not occur at 1.85 eV as suggested by Ehrenreich's
extrapolation' of the (Gal „Al )Sb system but
rather has a threshold in excess of 2 eV. If the
subtraction process described previously is used,
the data may be resolved into three different band-
to-band transitions with threshold energies of
1.50, 1.85, and 2. 10 eV. If it is assumed that
the h, states form the bottom of the conduction
band, then the 1.85-eV value must relate to tran-
sitions to the (111)or L„imimnaThese results
suggest a reinterpretation of the (Gal Al )Sb
data as shown in Fig. 2, where the separation of
the k =0, (100), and (ill) minima for x =0 were
taken from the literature "~" The. (100) position
is much less certain than that for the other mini-
ma. This interpretation suggests that the absorp-
tion edge is direct only for g & 0.2. Unfortunately
the absorption measurements are not presented
in a manner such that direct and indirect transi-
tions can be distinguished. It is clear that care-
ful work is necessary before the conduction band
of the solid solutions is well understood.

The authors are indebted to Derek Bolger of
Standard Telecommunication Laboratories for
supplying the AlAs, and H. M. Simpson for fab-
rication of the units. The work was supported in
part by the U. S. Office of Naval Research and
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In a recent Letter Hersh and Hadley' have com-
pared the thermoluminescence and optical absorp-
tion of strained alkali halides to those of thallium-
activated crystals. From the similarities in be-
havior in both cases, they have concluded that (1)
the trapping levels in thallium-activated crystals
were characteristic of the undoped host crystals;
(2) the emission in the main thermoluminescence
glow peaks was due to the release of positive holes
from Vy centers and the excess energy might be
released when a hole encounters an electron
trapped at or near an impurity.

During the last few years we were occupied in
this laboratory in an investigation on the optical
properties of thermally treated alkali halide crys-
tals. Comparison to the properties of thallium-
doped crystals proved interesting.

%e' as well as other authors' fully agree with
point one in Hersh and Hadley's conclusions. Our
results, however, seem to disagree with the sec-
ond conclusion of these authors as stated above.
In other words, while our results imply that the
main trapping levels in thallium-activated crys-
tals are characteristic of the host crystal, their
thermoluminescence emission spectrum seems
to be characteristic of Tl+ ions.

The crystals examined in our work were NaCl,
KCl, KBr, and KI, and the results were essentially
similar for all the four alkali halides. Figure 1

gives, for example, the glow curves for KCl crys-
tals. ' The dashed curve is for a "pure" crystal

tao—
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FIG. 1. The glow curves for KCl crystals. Dashed
curve for a pure crystal heat treated for 120 min at
600 C, continuous curve for a thallium-doped {0.1 /p}

on a three-times reduced scale. Both crystals were
x rayed for 30 min at liquid nitrogen temperature. The
heating rate was 15'/min.

heat treated for 120 min at 600 C, and the con-
tinuous one is for a crystal containing 0. 1% thal-
lium. The heating rate was 15'/min.

The similarity between the two curves, especial-
ly in the temperature range of 190-250 K, is strik-
ing. Furthermore, the thermal activation ener-
gies were found to be the same for the correspond-
ing glow peaks, and even the kinetics was found
to be of the same order in both cases, namely, of
first order.
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