
FIG. 3. Topology of a binary-decade counter.

crystal with 10 logic elements may be placed in the
frame.

The maximum degrees of integration have been at-
tained for integrated circuits based on MDS t rans i s tor s ,
owing to the low dissipated power (for a low speed of
response), the smallness of the area occupied by the
MDS-integrated t rans i s tors on the crystals , and the re l-
ative simplicity of the technological process . The most
complex MDS-integrated circuits perform the function
of an entire calculator: for example, four arithmetic
operations with eight-digit words. The most complex
fast bipolar circuits contain 1000 and more electronic
devices.

As an example, we present in Fig. 3 the topology (a
photograph of the crystal) of a relatively simple inte-
grated circuit—binary-decade counter. The crystal
dimensions are 1.4x3.0 mm and it contains 130 com-
ponents .

Subnanosecond logic circuits (switching time less
than 10"9 sec) can be produced with ordinary bipolar
t r a n s i s t o r s . The minimum trans is tor switching time is
determined by the time of transit through the base of
the c a r r i e r injected from the emit ter : T t r = L/ vmax-
The highest drift velocity v m a x is equal to ~10 cm/sec.
On the other hand, the minimum thickness of the base is
determined by the voltage V applied to the base junction
and by the field intensity at which an electr ical break-
down begins: V=LbEbr . where Ebr = 10 6 V/cm. I n c o n -
sequence

Ttr = = VIΕ u » i o - 1 2 s e c .

T o o b t a i n s u c h v a l u e s of t h e s w i t c h i n g t i m e , h o w e v e r , w e

m u s t w o r k a t s u b m i c r o n d i m e n s i o n s , f o r w h i c h w e c a n

h a r d l y s e e a n y p r o s p e c t s .

T h e s w i t c h i n g t i m e of l o g i c e l e m e n t s c o n s t r u c t e d o n

t h e b a s i s of t h e Gunn e f f e c t i s d e t e r m i n e d b y t h e t i m e

of t r a n s i t t h r o u g h a c h a r g e d o m a i n i n t h e i n t e r e l e c t r o d e

s p a c e , s i n c e t h e R C - c o n s t a n t o f t h e d e v i c e t u r n s o u t t o

b e s m a l l ( - 1 0 " n s e c ) , w h i l e t h e t r a n s i t t i m e i s e q u a l t o

~ 1 0 ~ 1 0 s e c . T h e e n e r g y e x p e n d i t u r e s o n o n e s w i t c h i n g

i s t h e n n o t l e s s t h a n 1 p j . T h e d i m e n s i o n s of t h e d e v i c e

are assumed in these est imates to be higher than 10 μ,
which is entirely attainable at the present level of semi-
conductor technology. Thus, the devices that operate on
the basis of the Gunn effect turn out to be very promis-
ing for the construction of logic elements with a switch-
ing time of 0.1-1 n s e c , guaranteeing a power consump-
tion of the order of 1 pJ per switching.

The signal-transmission lines of computers based on
logical elements with a switching time of less than 1
nsec should be of the waveguide type —microst r ip or co-
axial. The fastest circuits which can be connected up by

conventional wiring lines can have signal-propagation
delay t imes and switching fronts of the order of 2-3
nsec.

Future prospects of microelectronic devices for the
computer industry are linked with the development of
optoelectronic devices and techniques.
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S. V. Bogdanov and D. V. Sheloput. The Current State
of Acoustooptics. The beginning of the report deals
briefly with the history of the problem. It is noted that
in spite of the fact that light diffraction by ultrasound
was theoretically and experimentally studied as far back
as in the thir t ies , only with the appearance of high-
power coherent-light sources (lasers) did this phenom-
enon find practical application and be of interest again.

Further , the theory of this problem is considered and
it is noted that two different situations usually obtain:
Raman-Nath and Bragg diffractions 1 1 1. Relations for the
diffracted-light intensity a re given for both types of dif-
fraction. It is noted that in any of these cases : 1) a
change in the sound frequency leads to a change in the
direction of propagation of the diffracted light, 2) the
frequency of the diffracted light differs from the fre-
quency of the incident light by the sound frequency (or a
multiple of i t), 3) the diffracted-light intensity depends
on the sound intensity, and 4) the diffraction efficiency
depends on a certain combination of the parameter s of
the material M2 = nop2/pv3 (no is the refractive index, ρ
is the photoelastic constant, ρ is the density, and ν is
the sound velocity).

These distinctive features of light diffraction by ultra-
sound allows the construction of a number of acoustoop-
tic devices for controlling laser radiation: 1) modulators,
2) deflectors, 3)devices for frequency shifting, 4) optical
filters with tunable transparency, 5) optical shut-off
devices, 6) scanners , and 7) phase modulators (the last
two devices use light refraction). The performances of
these devices are briefly described in the report . The
present state of these performances is reflected in the
report by a table in which the parameters of the modu-
la tors , deflectors, and scanners a re given. It is noted
that at present not only are the acoustooptical devices
not inferior in all their principal parameters to the
electrooptical devices, but in a number of their charac-
ter i s t ics—the operating voltage, simplicity of construc-
tion, considerable freedom in the choice of material—
they a r e superior.

It is noted in the report that considerable progress
has been made in the choice of materials for the optical-
band acoustooptical devices. Thus, for example, the
authors have proposed glass1"2-1 with a quality M2 = 1200,
which is a record value. The power of the electrical
driving signal for the acoustooptical modulator con-
structed with this material i s , for a 100% efficiency,
only about 250 mW. At the same t ime, for the infrared
band, the best material is still germanium, which was
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proposed by the authors for these purposes back in
1968 [ 3 ] . A set of propert ies of a number of promising
(in the acoustooptical sense) mater ia ls (including a num-
ber of liquids) i s tabulated in the report .

It i s pointed out in the report that light diffraction is
observed not only on volume acoustic waves, but also on
surface waves' 4 1 . Of special interest is the so-called
volume diffraction on surface waves, when the light prop-
agates along the backing across the sound beam 0 5 1 . This
diffraction has a number of distinctive features con-
nected with the nature of surface waves.

In conclusion, the prospects of the development of
acoustooptics are discussed.
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A joint science session of the Division of General
Physics and Astronomy of the USSR Academy of Sciences
and the Academy's Science Council on Radioastronomy
was held on October 25 and 26, 1972, in the Conference
Hall of the P . N. Lebedev Physics Institute. The follow-
ing papers were presented at the session:

1. S. Ya. Braude and A. V. Men'. The UTR-2 Deca-
meter-Band Radiotelescope and the Problems of Deca-
meter Radioastronomy.

2. V. S. Troitski i . Radioastronomical Observations
with the Aid of Interferometers with Independent Recep-
tion (with Ultralong Base Lines) in the USSR.

3. M. M. Kobrin, A. I. Korshunov, and V. V. Pakhomov.
Quasi-periodic Components in the Fluctuations of the
Solar Radio-Frequency Radiation.

4. Yu. P. Shi toy. Pulsar Observations at the Radio-
astronomical Station of the USSR Academy of Sciences
Physics Institute.

5. V. V. Zheleznyakov. On the Origin of Pulsar
Radiation.

6. Yu. N. P a r n s k i i and N. S. Kardashev. The Prob-
lems of Large-Telescope Construction.

We publish below summaries of the papers presented.

S. Ya. Braude and A. V. Men'. The UTR-2 Decameter
Wave-Band Radiotelescope and the Problems of Decame-
t e r Radioastronomy. P r o g r e s s in radioastronomy is
substantially determined by the level of the measuring
techniques, especially of radiotelescopes. Until r e -
cently, in the decameter band (λ > 10 m), in contrast to
shorter-wavelength bands, there were no sufficiently
efficient instruments with large effective area and reso-
lution that operated in a wide scannable sector with an

operational program switching. A characterist ic of
such radiotelescopes is that they must have large anten-
nas which do not allow the application of mechanical
means of orientation of the instruments. Because of the
high noise level in this band, it i s expedient to use broad-
band antennas with the object of increasing the noise-
proof capacity by tuning out the noise and performing
the observations at a number of frequencies simultane-
ously. The high temperature of the radio-frequency r a -
diation of the cosmic background and the necessity for
the elimination of the effect of the "entanglement"
arising from the reception of cosmic signals by the sec-
ondary lobes of the directional diagram require the use
in decameter radiotelescopes of special methods of sig-
nal modulation and those antenna systems that guarantee
the optimum matching of the effective area with the
resolution and in which the level of the fringe radiation
can be controlled.

The complexity of the numerous systems and devices
in a modern radiotelescope —in part icular, of the radio-
electronics used in the nonmechanical methods of beam
control—leads to the necessity in principle for the opti-
mization of its s tructure for its installation. With the
object of working out principles of construction of re-
ceiving antennas satisfying these requirements, r e -
searchers at the Institute of Radiophysics and Electronics
of the Academy of Sciences of the Ukrainian SSR (IRE
AS UKrSSr) constructed and experimentally investigated
during the decade 1960-1970 four decameter radiotele-
scopes operating in the 10-40 MHz band: an interferom-
eter consisting of two paral lel 24-element a r r a y s , an in-
terferometer consisting of two orthogonal 128-element ar-
rays , a 208-element UTR-1 radiotelescope,and a 2040-el-
ement UTR-2 radiotelescope 1 1 ' 2 3 . Investigations showed
that the most optimum type of antennas for decameter ra-
diotelescopes is the multielement wide-band antenna ar-
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