
radiation accompanying spontaneous parametric scattering,
aside from the parameters of the scattering medium and the
intensity of the pump, is also determined by the magnitude of
the zero-point fluctuations of the electromagnetic vacuum.
The effect of the zero-point fluctuations in the parametric
scattering process is equivalent to the action of a field with a
brightness of one photon in each mode independent of fre-
quency and direction. For this reason, spontaneous parame-
tric scattering of light can be interpreted as the parametric
conversion of zero-point fluctuations. The process of mea-
surement of the brightness consists of comparing the num-
ber of photons appearing in the mode of the field at the out-
put from the medium Nt in the case when only zero-point
fluctuations participate in the conversion process N1 = F12

(F12 = 47r26>26>i£~2Ct')2£i72 parametric conversion
factor, a>2 is the frequency of the measured radiation, <a, is
the frequency of the radiation detected at the output from
the medium, ;£• is the quadratic susceptibility of the medium,
E L is the pump intensity, and /is the thickness of the scatter-
ing layer). Usually Fi2~W~* and in the case when aside
from zero-point fluctuations photons of the measured radi-
ation with a brightness of N2 photons in the mode of the field
with frequency &>2 = 6>L —o)l at the input to the medium
participate in the process, N{ = F12(l + N2). Then the
brightness of the measured radiation is determined by the
expression N2 = (N \ /NJ — 1 and the parameters of the me-
dium do not affect the result. The transformation from abso-
lute brightness in terms of the photons in the mode of the
field to the brightness in energy units is performed via the

brightness of zero-point fluctuations 1 photon per mode
= .BL = irftc2/A5, where A is the wavelength of the mea-

sured radiation.
We note that the method described above is most effi-

cient when fluxes of radiation with high brightness, equiva-
lent to the brightness of radiation created by a black body
whose temperature falls in the range I03.. . I06 K, are mea-
sured. The spectral range of the measurements can extend to
tens of microns and is limited only by the absorption band of
the scattering medium.

In conclusion we note that the absoluteness of the pro-
posed methods of photometry and the independence of the
results from the parameters of the apparatus in principle
make possible the creation of a new class of photometric
standards based on them.
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V. S. Dneprovskii. Optical bistability in semiconduc-
tors. The phenomenon of optical bistability (OB) is deter-
mined by the totality of static and dynamic processes occur-
ring in nonlinear systems with feedback. An optically
bistable system can have two stable states for the output sig-
nal with one value of the input signal.' Optical bistability is
of interest both from the practical point of view for creating
inertialess optical transistors, switches, memory elements,
and other optoelectronic devices2 and for studying the non-
linear optical processes which determine the bistable behav-
ior of systems: feedback permits registering the nonlinear
nrocess with relatively low levels of excitation. The most
promising material for OB devices are semiconductors with
high nonlinear susceptibilities.

An optically bistable element usually consists of a
Fabry-Perot resonator filled with a nonlinear medium. The
index of refraction of the material and, correspondingly, the
optical path length of the resonator change under the action
of the light flux. The transmission of the resonator becomes
nonlinear (Fig. 1): regions of differential amplification, re-
striction, and hysteresis appear.3

We shall examine only the intrinsic1' OB in passive
semiconducting systems, in which the nonlinearity is ampli-
fied by resonant processes. Due to the Coulomb interaction
between electrons and holes in the semiconductor, one- and
two-photon resonances, associated with the formation of ex-
citons and exciton molecules, appear.

1. Optical bistability with an exciton resonance was ob-
served in GaAs4 and GaSe3'5 Fabry-Perot resonators in the
case when the wavelength of the exciting radiation is de-
tuned from the peak of the exciton absorption line A >/lex,
A. — Aex -^AA, where AA is the half-width of the line. In this
case, "saturation" of the exciton transition, associated with
inelastic exciton-exciton and exciton-electron scattering
processes, scattering of excitons, and a Mott transition, oc-

FIG. 1. Dispersion of the dependence of the radiation intensity at the
output from a GaSe resonator (12 fina] on the intensity of radiation inci-
dent on the crystal.3 1) Region of transparency, 2) exciton resonance, 3)
interband transitions.
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curs.1-6 The polarizability associated with the exciton reso-
nance changes. As the level of excitation is increased, the
index of refraction in the region A >Aex changes. The large
nonlinearity associated with the exciton transition and the
bistable state of etalons operating at room (!) temperature
have been recorded in a superlattice in the system GaAs-
GaAlAs7 and in GaSe,5 which has a high (20 meV) exciton
binding energy.

2. When semiconductors interact with powerful radi-
ation with a photon energy of &»m/2 (&om is the energy of
the biexciton), biexcitons are efficiently created, since an al-
most resonant exciton transition participates in the process
of two-photon excitation of exciton molecules.8 The nonlin-
ear growth of the coefficient of absorption and, correspond-
ingly, of the index of refraction at the frequency (om/2 at
sufficiently high concentrations of polaritons permitted ob-
taining the bistable mode in high-g CuCl etalons.9'10

3. The possibility of the appearance of optical hystere-
sis, arising due to the dependence of the depth of local impu-
rity levels on the concentration of free carriers, was pointed
out in Ref. 11. The positive feedback arises because of the
decrease in the screening radius accompanying the ioniza-
tion of the impurity centers. Optical bistability based on ex-
citons bound on neutral donors was recently observed with a
low (~ ImW) level of excitation in CdS.12

4. Resonatorless absorption OB near a sharp exciton
resonance (A > Aex), associated with increasing nonlinear ab-
sorption (a(n)) accompanying an increase in the level of exci-
tation, was obtained by Rossmann et a/.13 and by Bohern et
al.14 The characteristic feedback appeared when the genera-
tion of particles dominated recombination.15 The nonmono-
tonic growth of a accompanying the growth of the particle
concentration n could be associated15 with a Mott transition,
increased damping in the region of the wing of the exciton
absorption line, formation of exciton molecules, and renor-
malization of the width of the forbidden band14 accompany-
ing two-photon excitation of the plasma.

5. Optical bistability accompanying interband transi-
tions has been observed in InSb,16 Te,17 InAs,18 and GaSe19

Fabry-Perot resonators. In narrow-band semiconductors
this method of excitation is apparently most promising,
since the nonlinear susceptibility increases markedly with a
decrease in the width of the forbidden band. Optical bistabi-
lity with interband transitions also appears in uncooled sam-
ples.17'19-20 The nonlinear properties of semiconductors are
determined by saturation processes, the Burshtein-Moss
shift, and the absorption of free carriers by the plasma.1 A
new type of optical hysteresis with a common point of inter-
section of the stable states was recorded in GaSe etalons with
interband absorption of continuous laser radiation.19

6. The effect of a light field on the anisotropy of the
index of refraction near an exciton resonance of a CdS reso-
nator and optical hysteresis have been observed by Vidmont
etal.21

Several nonlinear processes can appear simultaneously
in a bistable element. If nonlinearities of both signs, differing
either by their time constants or by the dependence on the
light intensity, exist in the system, then oscillations can ap-

120ns

FIG. 2. Oscillograms of the light pulses (Is: 600 kW/cm2) incident on and
reflected from a GaSe resonator (300 K). One of the 8-/im thick mirrors of
the resonator has a coefficient of reflection of 100%; the other one has a
natural cleavage surface. Obtained by A. M. Bakiev, G. S. Volkov, V. S.
Dneprovsku, and Z. D. Kovalyuk.

pear in it.11'22 Oscillations have been observed by Gibbs et
al.1 and Jewell et al. 22 in GaAs and GaAs-GaAlAs in the
presence of two competing processes: "saturation" of exci-
tons and thermal. The nanosecond pulsation mode (Fig. 2)
has been obtained with the reflection of a light pulse from a
GaSe etalon (300 K).

Optical bistability based on excitons at low levels of ex-
citation in uncooled GaAs-GaAlAs23 (excitation by a semi-
conductor laser) and GaSe24 (excitation with a continuous
laser) Fabry-Perot resonators has now been recorded, which
opens up realistic possibilities for the use of semiconducting
bistable elements in optoelectronics.

"Feedback is created by the mirrors of the resonator or the nonlinear
process itself and not with the aid of an external electronic device. The
latter method is called hybrid.
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Kh. S. Bagdasarov, V. B. Braginskii, V. I. Panov, and
V. S. IPchenko. Anomalously low dissipation of electromag-
netic waves in perfect single-crystal dielectrics. Measure-
ments of the dissipation of electromagnetic waves in crystal-
line dielectrics yield important information on the
mechanisms of dielectric relaxation. The value of this infor-
mation stems from the fact that there is as yet no complete
theory which permits predicting the value of tan<5 of a crystal
with known composition and structure. The published ex-
perimental data on tanS of crystals are often contradictory.
For leucosapphire a-A!2O3 (the best of the known uhf dielec-
trics), different authors present estimates of tan<5 ranging
from 1.5 • 1(T3 to 1.5 • 10~5 at T= 300 K.1-3 On the other
hand, a detailed analysis of phonon relaxation, performed by
V. L. Gurevich,4-5 shows that the dielectric losses in leuco-
sapphire—a centrosymmetric hexagonal ionic crystal—
must amount at T = 300 K to tan<5;= 10~6 at a frequency of
/= 1010 Hz and decrease with the temperature as T5. This
conflict between the experimental and theoretical estimates
is apparently attributable to imperfection of the experimen-
tal techniques and the characteristics of the samples used.

An improvement of the technology for growing single
crystals stimulated the authors to undertake detailed mea-
surements of tan<5 of leucosapphire over a wide range of tem-
peratures. The first measurements, performed in 1977,6

showed that for sapphire single-crystals obtained by the
method of progressive freezing one has tan<5<2 • 10~8 at
T= 2 K and/= 3 • 109 Hz. A refinement of these measure-
ments, performed in superconducting resonators (SCR),
made it possible to decrease the upper limit on the losses to
tan<5 < 1.5 • 10~9.7'8 This estimate, much lower than the val-
ues known for other dielectrics, was confirmed in 1983 by
Strayer et al.9

The SCR technique used in Refs. 6-9 is limited to a
narrow temperature range. For this reason, the idea of using
ring-shaped dielectric resonators with total internal reflec-
tion to measure small losses, proposed by V. F. Vzyatyshev
in 1963,10 was used in subsequent measurements. The Q fac-
tor of such resonators is determined by the value of tan5 of
the resonator material as well as by additional losses asso-
ciated with the possible contamination of the surface and
dissipation of electromagnetic energy:

0-i «tg 6 + (AF/F) (tg 6)sur + Q-^;

where A V is the volume of surface contamination, V is the
volume of the resonator, (tan<* )sur is the tangent of the loss
angle for the material on the surface, and gdis is determined
by the total dissipation of energy associated with the finite-
ness of the dimensions and irregularity of the resonator
(smooth inhomogeneities and protuberances) and the block
structure of the crystal. The calculations11 show that the

quality of modern sapphire single-crystals permits realizing
a measurement sensitivity of tan<5 S 10~10 even with moder-
ate requirements on the technology of preparation of the
resonators. New experimental estimates of losses in a-Al2O3

at a frequency ofy~ 10'° Hz were obtained by this method12:
tan<554- KT6at T= 300K,tan<5$ 1.6 • lQ-8atr=78K,
and tan<5 5 1.6 • 10~9 at T = 10 K. Detailed development of
the ring-shaped dielectric resonator method has enabled the
specification of the conditions for obtaining high sensitivity
of measurements of tan£.

It has been established, for example, that in order to
reduce radiation losses to the level gdis

 -1=; 10~9 it is suffi-
cient to specify the geometrical shape and the smoothness of
the surface with an accuracy of 4 rf/d 55 • 10~3(4d/c?isthe
relative size of the geometric irregularities). The reduction of
surface-contamination effects to the same level requires long
(many hours) treatment of the resonator in heated corrosive
media and careful oil-free evacuation of the cryostat.

The authors performed detailed measurements of the
temperature dependence of the Q factor of ring-shaped leu-
cosapphire resonators in the range 3.5-300 K at a frequency
of/si • 1010 Hz (see Fig. 1). In the range 60-250 K, the
behavior of Q ~! follows with high accuracy the dependence
tan<5~r5±03, predicted by V. L. Gurevich for hexagonal
crystals.4"5 This result, in our opinion, can be viewed as a
confirmation of the determining role of fundamental loss

FIG. 1.
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