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Photoconductivity measurements have been made on single-crystal samples of SrO which were "as received, "
irradiated at room temperature with y rays, or irradiated at temperatures down to 77 K with 1.S-MeV

electrons or 1.S-MeV protons. The measurements were made over the spectral range from 2 to 6.2 eV and at
temperatures from 63 to 180 K. F+ centers introduced into the samples by particle irradiation produce a
photocurrent which measurement indicates is carried by electrons. The free-electron yield from F centers

increased sharply between 63 and 100 K from which it is estimated, using a two-level model, that the thermal

activation energy for release of free electrons is 0.12 +0,01 eV. The two-level model also gives a value of
S X 10' for the ratio 7„/'TD where 1/v0 is the pre-exponential frequency factor for thermal ionization and 7~ is a
temperature-independent lifetime for decay from a relaxed excited state of the F+ center. As the incident

photon energy increased towards the band edge there was a sharp rise in the photoresponse in both irradiated

and unirradiated samples. The photoresponse reached a maximum at an energy of S.4 eV, and then decreased

sharply as the incident photon energy increased further.

I. INTRODUCTION

Recently, the alkaline-earth oxides, and in par-
ticular, simple defects in these materials, have
been the subject of many studies. "' %e are con-
cerned in this paper with low-temperature photo-
conductivity and associated optical-absorption
measurements made on SrQ over the spectral
range from 2 eV to the band-gap energy at about
6 eV. The temperature dependence and spectral
response of photoconductivity give a sensitive
method of investigating both the electronic struc-
ture of defect centers and the band edge of a crys-
tal, ' and we shall be concerned here with both of
these aspects.

SrO has the rocksalt structure characteristic
of alkali halides. The doubly charged oxygen va-
cancies which are produced when currently avail-
able SrQ is irradiated with either protons or neu-
trons each trap, in general, only a single electron
to form E' centers. The vibronic properties of
the non-Gaussian and asymmetric E' absorption
band, which is located at 3.1 eV, have been in-
vestigated by Hughes and %ebb. ' A temperature-
dependent luminescence band centered near 2. 5

eV has also been reported for the E' center. "
The two-electron center, the F center, has been
produced by additive coloration of SrQ with excess
strontium. ' The F band is reported near 2.5 eV.

On the basis of charge considerations alone it
might be expected that E centers in alkaline-earth
oxides would produce photoconductivity in a man-
ner similar to E centers in alkali halides but that
E' centers, being positively charged, would not
produce photoconductivity at ordinary tempera-
tures. The experimental results reported so far

indicate, however, that the situation is not as .

straightforward as this viewpoint suggests. In
MgO the E band and F'-band overlap at 5.0 eV.
Roberts and Crawford' reported that y irradiation
just prior to mounting a sample in the cryostat
was necessary to detect photoconductivity in MgQ
which had been irradiated with electrons or neu-
trons. It was tentatively concluded from these
measurements and others made on additively
colored samples that the photocurrent originated
from E centers. However, as Roberts and Craw-
ford have indicated, and as we shall see below in
Sec. IV, the magnitude of the photocurrent from a
center depends on the product of the quantum ef-
ficiency for the production of free carriers and
their mean range once released. If either of these
parameters increases the photocurrent will in-
crease. From this viewpoint photocurrent origi-
nating from F' centers in MgQ cannot yet be ruled
out. A similar uncertainty exists for BaQ. Rose
and Hensley' have shown recently that the E-band
and E'-band overlap in this material also, so that
the origin of a photoconductivity band observed by
Dash" at 2.0 eV in x-irradiated BaQ is still un-
certain. Qn the other hand in both CaQ and SrO
the E band and the E' band are separated in en-
ergy, and it is possible to investigate each band
individually. Measurements" on electron-ir-
radiated CaO have shown that both E centers and
E' centers produce photoconductivity in this ma-
terial. Recent experimental results" have also
shown that E' centers in SrQ can produce photo-
conductivity in a way very reminiscent of E centers
in alkali halides. A more complete report of the
experiments on SrQ is given here including an ex-
tension of the spectral range of the measurements.
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II. PHOTOCONDUCTIVITY MEASUREMENTS

Low -temperature photoconductivity measure-
ments were made using a cryostat developed from
one described previously. " Crystals were held
between two plane parallel electrodes 8 mm long
and 3 mm wide which were located in a copper
chamber bolted to the tail of the cryostat. Dry
helium gas could be admitted to the chamber to
produce good thermal contact between the sample
and the cryostat. Temperatures were measured
with a copper -constantan ther moeouple. Incident
light fell on the crystal through the front electrode
which was made of fine phosphor-bronze wire
gauze. The back electrode was made of copper
foil and was insulated from ground with a thin
sapphire plate. This electrode was eonneeted to
the input of a Cary 401 vibrating-reed electrome-
ter which was used in the "rate-of-charge" mode.
Both electrodes were blocked with thin sapphire
plates to prevent charge entering or leaving the
crystal. The output of the electrometer was fed
to a potentiometric recorder. With the system
described above the background-noise level was
well below 10 "A. Measured photocurrents were
typically about 10 "A and individual measurements
were made with the crystal illuminated for a few
seconds at a time. The direction of the applied
electric field, which was produced by dry cells,
could be easily reversed after individual mea-
surements to prevent polarization effects in the
sample.

The light source used was either a xenon lamp
or, for ultraviolet measurements, a deuterium
lamp. Light from these lamps was dispersed by
a MePherson 218 monochromator with a linear dis-
persion of 2.3 nm mm '. The slits were set 1.5
mm or 2 mm wide. A front-silvered mirror fo-
cused light from the monochromator on the crys-
tal sample. A fraction of the light intensity fall-
ing on a sample was separated using a MgF, beam
splitter and was monitored by a 62563 photomulti-
plier. The photomultiplier was calibrated in a
separate experiment by placing a Molectron pyro-
electric radiometer at the sample position. The
radiometer had a calibration traceable to the Natl.
Bur. of Stds. (U.S.). It is estimated that the abso-
lute measurement of the light intensity falling on
a sample could be made to about 8%.

polished on alumina-impregnated lapping disks,
which removed surface contamination and which
gave the surfaces a good optical polish. Qptical
absorption spectra were taken with a Cary 14
spectrophotomete r.

The optical density of a typical unirradiated
crystal at 77 K was similar to that reported by
Bessent etal. 4 The optical density increased from
about 0.1 at 700 nm to over 2 at 5.5 eV. There
was no obvious absorption peaks in the spectrum
except for a small band which could be sometimes
detected at about 5.7 eV and which seemed to cor-
respond to an exciton band. "

The crystals could be irradiated at 77, 195, or
300 K with either 1.5-MeV protons or 1.5-MeV
electrons. We show in Fig. 1 the absorption spec-
trum at 77 K of a crystal which had been irradiated
at about 195 K with 1.5-MeV protons to a dose of
about 2 && 10"protons cm '. The irradiation pro-
duced the asymmetric E' band with a peak at 3.1
eV, which has been seen previously. "' It can be
seen that although the optical density at the peak
of the F' band is about 0.7, there is no evidence
of the F band at 2. 5 eV. This behavior is in con-
trast to that observed in CaO, where the F band
would be easily observed at this stage. Proton
irradiation at 77 K seemed to introduce the E'
band at about twice the rate of irradiation at 195
K. We did not find it possible, however, to pro-
duce a measurable F' absorption band in samples
irradiated with 1.5-MeV electrons at 77 K even up
to doses of 5 && 10" electrons cm '. I,ow-incident
current densities were always used to prevent the
samples being heated during irradiation. In these
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Crystals of nominally 99.95%%d-pure SrO were ob-
tained from W. and C. Spicer Ltd. and were ap-
proximately 10 & 5 && 2 mm in dimensions. Just
prior to irradiation, or making optical and photo-
eonductivity measurements, the crystals were

FIQ. 1. Optical-absorption spectrum at 77 K of SrO
which has been irradiated at 195 K with 1.5-3EcV protons
to a dose of approxiinately 2&&10 protons cm '. The
main feature introduced by irradiation is the asymmetric
E' band located near 3.1 eV.
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experiments, in which the sample was attached to
a small cryostat located in the Van de Graaff ex-
tension tube, it was necessary to warm the sample
to room temperature before transferring it to the
optical cryostat. This method was used because it
was necessary to transfer an irradiated sample to
the photoconductivity cryostat at room tempera-
ture. However, no measurable J' band was pro-
duced even in a sample which was irradiated at
77 K with 1.5-MeV electrons to a dose of 5x 10"
electrons cm ' and then measured without warm
up. Nevertheless, as we shall see in Sec. IV, E'
centers introduced by electron irradiation produce
an easily detectable photocurrent because of the
sensitivity of the photoconductivity technique. The
reason for using electron-irradiated samples in
our experiments was that incident electrons pro-
duce mainly individual vacancies throughout the
bulk of the crystal, whereas incident protons pro-
duce a high density of damage near the surface.
For this reason, it was not found possible to make
completely satisfactory photoconductivity mea-
surements on proton-irradiated samples.
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F~G. 2. Spectral dependence of the photoresponse g&o
for SrO. An unirradiated sample measured at 77 K,
curve a; a sample which had been irradiated at 195 K
with 1.5-MeV electrons to a dose of approximately 1
&&10 electrons cm and measured at 77 K, curve b;
the same sample as curve b measured at 105 K, curve c.

IV. EXPERIMENTAL RESULTS

In this section we first describe the interpreta-
tion of our experimental data. We then describe
in detail the photoresponse of electron irradiated
samples and finally we present results obtained
f rom y-irradiated samples and proton-irradiated
samples.

The photocurrent I„when N„quanta per second
of wavelength X are falling on a sample between
plane pa, rallel electrodes, is given by the equation'

I~ = (g &@ ) e VN~/d ',
as long as the mean charge-carrier range +,V/d,
in the direction of the applied electric field V/d,
is much less than the thickness of the crystal d.
Here, q is the free-carrier yield, thai is, the num-
ber of free charge carriers produced per incident
photon; &, is the mean range of the carriers in the
direction of a unit applied electric field; V is the
voltage applied across the sample; and e is the
electronic charge. Equation (I) can be rearranged
to collect all the measurable quantities on the
right-hand side to give

(q(g ) = (I /N„)(d'/eV), (2)

where we call (q&u, )&, the photoresponse of the crys-
tal at wavelength X. The requirement that the mean
carrier range be small compared to the thickness
of the crystal can be tested by insuring that the
photocurrent is directly proportional to the poten-
tial applied across the sample. '

In Fig. 2(a) we show the photoresponse of an un-

treated SrQ sample at 77 K over the spectral range
from 2 to 6 eV. It can be seen that the photore-
sponse was immeasurably small until the incident-
photon energy was at least 4 eV. Then, as the
photon energy increased further, the photoresponse
increased sharply by more than three orders of
magnitude until the photon energy was about 5.4 eV.
The photoresponse then decreased abruptly by two
orders of magnitude and became immeasurably
small again at 5.8 eV. Although the apparatus
could detect photoconductivity for photon energies
out to about 6.2 eV, no photoconductivity could be
detected in SrQ above 5.8 eV. However, the mini-
mum detectable photoresponse was comparatively
large at 6.0 eV because ihe output of the light
source and monochromator fell rapidly at ener-
gies above 5.0 eV. The resolution of the appara-
tus at 6.0 eV was about 0.1 eV. The photocurrent
at 5.4 eV was the same for either direction of the
applied electric field and was constant in time for
constant illumination. The photocurrent was pro-
portional to the applied electric field up to 1500
V cm ', and was also proportional to the incident
light intensity within an experimental' error of a
few percent. The abrupt increase in photoresponse
observed at about 5.3 eV indicated that the inci-
dent photon energy was approaching the band gap
of the sample. We shall discuss these results in
more detail in Sec. V.

In Figs. 2(b) and 2(c) we show the photqresponse
over the spectral range from 2 to 6 eV of a sample
of SrQ which had been irradiated at 195 K with
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1.5-MeV electrons to a dose of approximately
1 && 10"electrons cm '. Curves b and c in Fig. 2
show the photoresponse at 77 and 105 K, respec-
tively. 'The most prominent feature introduced by
electron irradiation was the temperature-depen-
dent and asymmetric band located at 3.1 eV, which
can be shown to be due to F' centers by comparing
it to the E' optical-absorption band, as we demon-
strate in Fig. 3. In Fig. 3(n) is shown the photo-
response of an electron-irradiated sample in the
vicinity of 3.1 eV and in Fig. 3(b) is shown the E
absorption band measured on a proton-irradiated
sample. Both curves, which were measured at
110 K, were normalized at 3.1 eV. It can be seen
that these curves coincide over the whole E' band
except near the high-energy tail, where the photo-
response from a band located at 3.9 eV, which can
be seen in Fig. 2, overlaps the E' band.

The photocurrent at 3.1 eV was directly propor-
tional to the applied electric field up to 1500 Vcm '
within an experimental error of a few percent.
Typically an applied electric field of 500 V cm '
was used during the measurements. In addition
the photocurrent at 3.1 eV was also directly pro-
portional to the incident light intensity, within a
few percent, as the intensity varied by a factor of
about 50.

It can be seen in Fig. 2 that as the temperature
increased from 77 to 105 K, the photoresponse of
the F' band grew by over an order of magnitude,
whereas the photoresponse away from the E' band
was almost independent of temperature over the
same range. The detailed temperature dependence
of the E' photoresponse over the range from 63 to
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FIG. 3. Comparison of the spectral dependence of the
photocurrent in electron-irradiated SrO, curve a; and
the optical absorption of the 5 band in proton-irradiated
SrO, curve b. Both sets of measurements were made at
110 K.
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FIG. 4. Temperature dependence of the E'-band
photoresponse in electron-irradiated SrO. The mea-
surements were made with an incident photon energy
of 3.1 eV. The inset shows the thermally stimulated
current (TSC) in an electron-irradiated crystal which
had been illuminated with ultraviolet light at 77 K.

180 K is shown in Fig. 4. At 63 K the E' band was
almost indistinguishable from the background
photoconductivity and above 180 K the dark cur-
rent became so large that accurate photocurrent
measurements could not be made. 'The inset in
Fig. 4 shows how the thermally stimulated cur-
rent, or dark current, increased with tempera-
ture. For this experiment the sample had been
illuminated at 77 K with ultraviolet light for about
90 min to fill available traps in the crystal. It can
be seen that none of these traps empty in the re-
gion of the abrupt increase in E' photoresponse at
about 80 K. The sharp increase in photoresponse
between 63 and 100 K is characteristic of a ther-
mally assisted ionization such as occurs, for ex-
ample, for the E center in Kcl at about 120 K.'
Above 110 K an E' center in SrQ which has ab-
sorbed a photon, frees a charge carrier with es-
sentially unity probability, and the temperature
dependence of the photoresponse is due mainly to
the temperature dependence of the mean range of
the carriers. The data in Fig. 4 will be discussed
more fully in Sec. V.

It was found that prolonged illumination in the
E'-band region at temperatures above about 90 K
partially destroyed the photoresponse. It took
about 1 min to reduce the photoresponse to half
its initial value. However, the photoresponse
could be restored by illuminating the sample with
light of energy greater than 3.7 eV. Low-energy
photons were not effective in restoring the photo-
response. Spectral-dependence measurements
above 90 K, such as those presented in Figs. 2 and
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3 were made by illuminating the crystal for sever-
al seconds with ultraviolet light following each
measurement made in the region of the E' band.
This bleaching effect is similar to experimental

its found by Dash'o in BRO He found that the
photoresponse of the 2.0-eV band could be en-
hRnced lf the crystal wRs simultRneously irradi-
ated with ultraviolet light. One possible explana-
tion of these results is that the ultraviolet light
released charge carriers from comparatively
deep traps and that these carriers repopulated
bleached E' centers.

It has been suggested" that the 'A~ ground state
of the E' center lies below the top of the valence
band in the vicinity of the center. If this were the
case, it is possible that the charge carriers ex-
cited by illumination into the E' band might be
positive holes. We determined the sign of the
charge carriers to be negative, however, using a
technique due to Peria. " A sample was supported
with the electric field parallel to the 5-mm dimen-
sion and perpendicular to the direction of the in-
cident light. A section at the centex of the sample
1 mm wide and the height of the sample was illumi-
nated, while the right-hand electrode was held
positive with respect to the left-hand electrode by
an external battery. Although the mean range of
the charge carriers was much less than the thick-
ness of the crystal, the net result of illuminating
the crystal was that a space-charge electric field
was established in the crystal going from left to
right across the illuminated region. The external
electric field was removed and the photocurrent
was measured as a function of the position of a
thin band of light as the band was scanned across
the crystal. The data shown in Fig. 5(a) was ob-
tained. Note that the photocurrent was a maximum
when the light was falling on the region of the crys-
tal which had been illuminated with 3.1-eV light
Rnd which is delineated by the vertical arrows, and
falls rapidly to zero outside this region. The cen-
tral region of the crystal was then illuminated with
3.i. -eV light again, with no externally applied elec-
tric field. During the first illumination period,
electrons moved just beyond the right-hand edge
of the illuminated region. During the second illu-
mination period, these carriers remained trapped
but carriers originating from centers just inside
the right-hand edge of the illuminated region move
towards the left under the influence of the polar-
ization field, with the result that a dipolar space-
charge region is established at the right-hand edge
of the illuminated region of the crystal. This di-
pole layer could be located experimentally by
monitoring the photocurrent as the crystal was
scanned RgRln with R narrow band of light. Figure
5(b) was then obtained. The photocurrent data ot
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FIG. 5. Electric field distribution obtained in the de-
termination of the sign of the charge carriers excited
by 3.1-e+ light ln electron irradiated SrO. The mea-
surements were made with both electrodes held at the
same potential after illumination with an externally
applied electric fieM going from right to left, curve a,
and after subsequent illumination with no applied electric
field, curve b. Curve a has been reduced by a factor of
10 to accommodate it on the figure. The vertical arrows
indicate the region of the crystal which was illuminated.

curve a, has been reduced by a factor of 10 to a.c-
commodate it on the figure. 'The maximum in the
photocurrent can be seen to have occurred Rt the
right-hand edge of the region which had been illu-
minated with 3.1-eV light. This measurement lo-
cated the dipole layer and indicated that the charge
carriers were negative, i.e., electrons. If the
carriers had been positive holes, Rn analysis sim-
ilar to that above shows that the dipole layer would
have been located at the left-hand edge of the re-
gion which had been illuminated with 3.1-eV light. "
The experiment was repeated with the initial ex-
ternally applied electric field in the opposite di-
rection, in order to determine whether any geo-
metrical effects in the apparatus were Rffecting
the result. 'The sign of the carriers was again de-
termined to be negative.

The performance and interpretation of the type
of experiments described above are somewhat dif-
ficult, and more direct confirmation of the result
will be required, such as would come, fox ex-
ample, from Hall-effect measurements. It is
worth noting, however, that similar experiments
performed on the 400-nm E band in CaO indicated
that the charge carriers were electrons in this
case too, as expected.

The photocurrent originating from E' centers in
SrQ was found to go to zero within a fraction of a
second of the incident light being removed. There
was no evidence of the long-lived dark current
found by g,oberts and Crawford' after illuminating
the 5.0-eV band in MgO. We also found that the



2300 J E A IV E T 'r E F E- I. 0 0 'r T A N 0 GEOFFREY P. SUMMERS

1010

-1110
E
O

1 012

10
2 4 5

ENERGY (eY)

FIG. 6. Spectral dependence of the photoresponse 7~coo

for SrO at 77 K after y irradiation at room temperature,
curve a; after irradiation with 1.5 MeV protons to a
dose of approximately 2xlo' protons cm, curve b.

E' absorption band in proton-irradiated SrQ could
not be optically bleached at 120 K, although from
the temperature dependence of the photoresponse,
Fig. 4, E' centers which have absorbed a photon
are expected to be thermally ionized with almost
unity probability at this temperature. If we as-
sume that E"' centers produced in proton-irradiated
SrQ are mutually independent, these results sug-
gest that in high concentrations the oxygen vacancy
is an efficient trap in SrQ. However, the fact that
there is no sign of E centers being formed in SrQ
which has been heavily irradiated and which con-
tains a comparatively large concentration of F'
centers, Fig. 1, suggests that F' centers on the
other hand are not effective electron traps in our
material.

When an electron-irradiated sample was subse-
quently y irradiated for 30 min at room tempera-
ture just prior to being mounted in the cryostat,
the photoresponse was found to have increased
uniformly by a factor of about 2 across the spec-
tral range from 2 to 4 eV. A "Co y source was
used with a strength of about 5x 10' Rh '. The
E' photoresponse was unchanged relative to the
background and no band was introduced in the re-
gion of 2.5 eV, where the E absorption has been
reported. ' This result again suggests that the E'
center is not an efficient electron trap compared
to other traps in the crystal.

We show in Fig. 6(a) the photoresponse at 77 K
of a crystal which was y irradiated at room tem-
perature for about 30 min and measured with no
further treatment. y irradiation increased the
photoresponse generally between 2 and 5 eV, and

introduced a band at 2.65 eV, which is also ob-
served in electron-irradiated crystals. The in-
flexion in the photoresponse at about 4.8 eV, which
is observed in unirradiated crystals, is further
enhanced by the y irradiation. y irradiation alone
did not produce any E photoresponse.

Figure 6(b) shows the photoresponse at 77 K of
a crystal which was proton irradiated at 77 K to
a dose of about 2 && 10"protons cm '. It can be
seen that the most prominent feature introduced by
ti16 ll radlatlon ls again 'the asymmetric F+ band
located at 3.1 eV. The irradiation also introduced
photoresponse bands centered at 2.65 and 3.9 eV
as well as an inflexion at 2.5 eV. The 2.65-eV
band was introduced by electron irradiation as
well as by y irradiation and is presumably due to
an impurity in the crystal. The band at 3.9 eV,
which was also produced by electron irradiation,
may be associated with the same type of center
which is produced when SrQ is plastically de-
fol med

V. DISCUSSION

(l/q )-l = (r,/r„) exp(E, /kT). (3)

Since photoconductivity originating from E' cen-
ters is unexpected, it is of interest to compare its
magnitude to that measured from E centers in, for
example, MgF, ." For a useful comparison, it is
necessary to compute the value of p~&, for the
two centers, where r)~ is the free-electron yield
per absorbed photon. If we estimate a maximum
value of 0.002 for the optical density of the E' band
for the sample used for Fig. 4, we obtain a lower
limit of 4x 10"cm'V ' for g~&0 at 120 K. For
low-concentration E centers in MgF„q~&, is
about 4 && 10 "cm'V ' at room temperature. It is
worth recalling, however, that the magnitude of
the photoresponse depends on (d, which is closely
dependent on the purity of the crystals.

No detailed calculation has been reported to date
of the electronic structure of the relaxed F' center
in SrQ which can be compared with our photocon-
ductivity measurements. However, the tempera-
ture dependence of the photoresponse between 70
a,nd 110 K can be explained quite well by a two-
level model. ' In this model, an electron in. the
relaxed excited state of the center has a tempera-
ture-dependent probability 1/rr ——(1/v, ) exp(-E, /kT)
of being thermally ionized across an energy gap
E,. 1/r, is the preexponential frequency factor,
k is Boltzmann's constant, and T is the tempera-
ture. 'There is also a temperature-independent
probability l/vs of decay to a lower energy level.
The yield of free carriers per absorbed photon q~
is then expected to follow
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In order to compare this equation with our ex-
perimental results, Fig. 4, which give directly the
product q&, as a function of temperature, we make
the approximation that &, and the oscillator
strength of the F' band remain independent of
temperature between 70 and 110 K. The tempera-
ture dependence of q&, is thus assumed to be due
entirely to the change in q~ over this range. Since
it appears that F' centers are effectively fully
ionized at 115 K, g~ is taken as unity at this tem-
perature and we can then plot log„[(l/qr) lj
against 1/T using the data of Fig. 4. The result-
ing curve is shown in Fig. 7, where it can be seen
that over several orders of magnitude a straight
line is obtained. From the data in Fig. 7, we ob-
tain a value for E, of 0.12*0.01 eV and a value
for v„/vo of 5 && 10'. lt is interesting that these
values are close to those found for F centers in
alkali halides, " and estimating a reasonable value
for ~„we obtain a value for v~ of the order of 1
p,sec." If this were the radiative lifetime for an
allowed decay from the 'T,„excited state to the
'A. ~ ground state, it would be surprisingly long for
an F' center. However, without detailed knowledge
about the electronic structure such as that ob-
tained by Wood and Wilson' for F centers in alka-
line-earth oxides, it is not possible to determine
to which transition the parameter ~~ corresponds.
Nevertheless, an increase in the free-electron
yield with increasing temperature is expected to
be accompanied by a decrease in the fluorescence
yield, and Hughes and Webb' have found that the
intensity of the F' luminescence decreases mark-
edly between V'7 K and room temperature.

The main feature of the photoresponse of SrQ at
high photon energies, Fig. 2, was the relatively
abrupt increase in the vicinity of 5.3 eV. A steep
rise in the photoresponse is expected when the in-
cident photon. energy approaches the band edge of
the crystal. " A threshold for intrinsic photocon-
ductivity can then occur. Photons of higher energy
do not penetrate far into the surface because of the
strong absorption of the crystal and the photore-
sponse usually decreases. However, photoconduc-
tivity can be found at energies close to the band
edge due to an indirect process. Under these cir-
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FIG. 7. Semilogarithmic plot of (1/gg —1 vs inverse
temperature 1/T. Data points were obtained from the
experimental results shown in Fig. 4 as described in
the text.

cumstances excitons, which are produced by the
incident photons, give up their energy to ionizable
centers, such as, for example, F centers, and
photoconductivity can result. ' ~ Thj.s mechanism
can be very efficient. Since there is an exciton
band in SrQ at 5.V eV,"it is possible that a simi-
lar mechanism was occurring here. 'The same
photoresponse peak occurred, however, in both
irradiated and unirradiated samples, so that the
photoconductivity would have to be produced mainly
by impurity or defect centers other than F' cen-
ters, although a mechanism similar to that ob-
served by Apker and 'Taft in KI cannot be ruled
out. From the evidence available so far, we pre-
fer to interpret the steep rise in photoresponse in
SrQ at high photon energies as due to the onset of
band to band transitions. Qur results, then, sug-
gest that the photoconductivity band gap of SrQ is
about 5.3 eV, which is somewhat lower than has
been given previously. " In addition, the exciton
bands at 5.7 and" 5.8 eV would, then, be placed
about 0.5 eV above the bottom of the conduction
band.
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