
beam apparatus and from ultrahigh-energy electron
beams in the largest proton synchrotrons appears
promising. The properties of UR open fundamentally
new opportunities for the use of optical systems to re-
cord parameters of proton, antiproton, and other parti-
cle beams. The development of induced-UR sources
is of great interest, since they would enable us to pro-
duce strong coherent electromagnetic radiation in a
broad range of the spectrum down to λ -1000 A with
operationally controllable frequencies. Generation of
coherent UR in a harder region of the spectrum is also
possible.5
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Yu. M. Aleksandrov, A. D. Krivospitskii, and Μ. Ν.
Yakimenko. X-ray lithography in synchrotron radiation
beams. Modern integrated circuits make extensive use
of structures with component dimensions of ~ 1.5-2.0
μηι. They are made by photographic techniques; mer-
cury quartz lamps are used as light sources for this
purpose. Further microminiaturization, i.e., the
transition to submicron component dimensions, would
make it possible not only to raise the degree of integra-
tion of the microcircuits to the level of 105-10e com-
ponents per crystal, but also to create a number of fun-
damentally new devices. However, diffraction distor-
tions make it impossible to obtain lines narrower than
1 μτη at the wavelengths of visible light.

Accordingly, the use of harder electromagnetic radia-
tion—the x-ray lithography technique—is of great in-
terest. Radiation at wavelengths of 10-50 A is most
promising for a number of technological and physical
reasons.

Sources of such radiation can be found in high-power
x-ray tubes and the synchrotron radiation (SR) of ring

FIG. 1.

accelerators and electron storages. It can be shown
that SR has the advantage because it reproduces draw-
ings of the structures in superior fashion and requires
only 1/100-1/1000 as much exposure time.

A special-purpose SR channel has been built at the
P. N. Lebedev Physics Institute of the Academy of
Sciences of the USSR for the S-60 synchrotron in a
joint effort with the Scientific Research Institute of
Physical Problems for use in developing a technology
for producing imprints of submicron structures. The
channel is equipped with a camera for specimen ex-
posure and optical diagnostic equipment for the electron
beam. Its automatic SR-beam specimen-scanning sys-
tem makes it possible to produce large (100x100 mm)
imprints of submicron structures. Figure 1 is a
photograph of a structural-topology picture obtained
with SR on a PMMA film 0.4 Mm thick. The exposure
time for a silicon template membrane 2 Mm thick was
30 sec, and the circuit-element dimension =1.2 Mm.
Figure 2 shows a photograph of a test-line image ob-

FIG. 2.
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tained in a film of x-ray resist; the smallest line
width is 0.3 Mm. The high quality of the prints, which
is obtained by virtue of the high natural collimation of
synchrotron radiation, is evident.

'Yu. M. Aleksandrov et al., FIAN SSSR Preprint No. 237,
Moscow, 1978.

2 E. Spiller et al., DESY Preprint SR 76/11.
3R. Fedev etal-, DESY Preprint SR 77/06.

A. N. Artem'ev, V. A. Kabannik, Yu. N. Kazakov,
G. N. Kulipanoy, E. A. Meleshko, V. V. Sklyarevskii,
A. N. Skrlnskll, E. P. Stepanov, V. B. Khlestov, and
A. I. Chechin. An experiment in excitation of a Moss-
bauer level of 5TFe with synchrotron radiation. Pos-
sibilities for the use of synchrotron radiation (SR) for
Mossbauer studies and nuclear spectroscopy have been
discussed by several authors.1 '2 Our experiment rep-
resents an attempt to use SR to excite a collective nu-
clear state in a single crystal under the conditions of
Bragg diffraction and to study its temporal charac-
teristics. The work is being done by a group drawn
from the Institute of Nuclear Physics of the Siberian
Division of the Academy of Sciences (IYaF SO AN) and
the I. V. Kurchatov Institute of Atomic Energy (IAE).

The following basic problems must be solved in the
design of the experiment.

1) isolation of a narrow line with the desired energy
from the continuous SR spectrum;

2) ensuring long-term stability of the monochroma-
tor's passband when an SR beam of high power (up to
2 W/mm») is incident on its first crystal;

3) suppression of background scattering by electrons
in the specimen, which is necessary because the pass-
bands of even the best monochromators are many orders
wider than the excited level (AE/E =3· 10"").

We used a single crystal of hematite a-Fe2O, enriched
with the isotope 5 7 Fe. This choice was dictated by the
following circumstances:

—matching of the parameters of We excited level to
those of the SR beam (energy, lifetime, SR pulse repe-
tition frequency);

—thorough understanding of the stationary diffraction
of γ rays on hematite single crystals'·4 and the purely
nuclear reflections available in hematite;

—the availability of isotope-enriched hematite crys-
tals of sufficiently high quality and the necessary size.1 '

In the experiment, the SR beam leaving the electron
storage ring strikes a two-crystal monochromator, Is
deflected by It through an angle of ~30° downward from
the plane of the accelerator, and Is then reflected from
the working hematite crystal. The axis of rotation of
the hematite lies in the vertical plane and is perpen-
dicular to the SR beam.

The monochromator takes the form of two perfect

"The enriched hematite crystals were grown by J. Novak at
the Physics Institute of the Czechoslovak Academy of Sci-
ences (Prague).

germanium single crystals which are mounted on a
common base in a high-dispersion position. This
monochromator has a narrow passband whose energy
depends only on the angle between the crystals. It is
tuned with the aid of 14.4 keV y radiation from * 5TCo
source. Subsequent adjustments to the SR beam are
made by rotating It as a whole and finding the position
In which the intensity of the transmitted beam Is high-
est.

The hematite crystal Is mounted In the position cor-
responding to the purely nuclear (777) reflection.
Previous measurements4 had shown that in this reflec-
tion scattering by electrons Is suppressed by a factor
of at least 10* with respect to allowed reflections.
Further suppression of the nonresonant background Is
obtained through the polarization of the SR beam, the
proximity of the scattering angle to 90° (0Β = 41°), and
the appropriate orientation of the scattering plane.

The chosen reflections [(111) in the monochromator
and (777) on the hematite] also make it possible to
quench the harmonics with energies 2E0 and 3£ 0 . The
radiation with energy 4B0«57.S keV strikes the detec-
tor, but Its Intensity is low and It does not Interfere
with the measurements. This radiation can also be
used to set the hematite to the Bragg-reflection posi-
tion.

The gamma rays reflected from the hematite are
registered by a scintillation detector (an FEU-85
photomultiplier with an Nal(Tl) crystal 0.1 mm thick).
A resonant absorber of enriched polycrystalline hema-
tite coupled with a vibrator Is placed in the path of the
beam to detect the effect.

According to estimates, the SR beam contains 10s

photons/mrad» sec (at a current of 100 mA and Ee =2.2
GeV), and an effect of =7% can be expected In the pro-
posed scheme at a counting rate of -10 cts/sec.

The electronic section of the apparatus permits
analysis of the distribution in time of the 14.4 keV
radiation. The lifetime of the state with this energy
for an isolated 5 7 Fe nucleus is «100 nsec, but the col-
lective nuclear excitation In the crystal should be much
shorter-lived, and Its decay does not follow a simple
exponential law*5 A rough estimate gives 15-20 nsec
for the average lifetime, consistent with the observed
broadening of the resonance lines in the purelj? nuclear
reflection spectra.4

Measurements were made on th'&SR beam of the
IYaF SOAN VEPP-3 electron-positron storage ring at
Novosibirsk during the latter half of 1977. Unfortu-
nately, the storage ring was capable at that time1 of
operating only at reduced levels (energies below 2 GeV,
currents below 30 mA). It was Impossible to observe
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