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0 BOJNOEHOCTY IPYMEHEHWA NATRHE/ TCHKOY
CTPYKTYPH PEHTTEIOBCKOI'C NOTTIOWEHIS EXAFS
I PAIVIAIMOHHOM QUBIAKE TBFEPUOTO TEIA

lic aHanu3y UMEIMXCH MeTOIMK FCCHEROBAHWS TANKAIMOH-

30BaHMM L XAFS ~ METOOMKM IS STHX LENER Kar Cojee HHLODWHITHE-
HO# M yHUBepcaJsbHO#. IIDHMBOEATCA NEDPBHE VCHRUHHE DEeIVILTATH
OOJy4eHHHE aBTOPOM N0 hpumeHewuio E£XAFS - M3MepeHHA B couaTa~
HAM C CMHXDOHHHM M3JIyYeHHEM, I M3YUEHWs DPAUMALHMOHHHY IeheK-
0B B xpucTamiax (zaflAs P , OGIy4eHHYX SJEKTPOHSMA C DHET~
rueit 50 MaB.
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The EXAFS method is proposed as a more informative, universal one to
investigate the radiation defects in solids. The successful results as ob- !

tained by the author using tne synchrotron radiation source are reported for

the first time. The measurements were carried out in GaAsP crystals irra-

diated with 50-MeV electrons.
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Different well-known methods are used in the investigation of solid
state radiation physics, i.e. the Hall effect and electroconductivity tem-
perature dependence, the optical absorption, the minority carrier lifetime,
the ESR-measﬁrement, thermoconductivity, etc. They allow one to describe the
solid state electrophysical, opticalvand recombination parameters after irra-
diation, in general, and make the assumptions as to the nature of the radia-
tion defects using "indirect” data.

The "direct" electromicroscopical and X-ray structural methods availabie
are not effective to find out simple results because of orientation, dimen-
sion and other limitations. However the immediate observation and' the measure-
ment of the solid state radiation defects, particularly in crystals, are im-
portant since the radiation cluster properties are different in different re-

gions of the crystal, being hence interpreted ambiguously in the literature.

* The idea of the edge absorption analysis as applied to the radiation defects
Qas suggested by Prof. A.Ts.Amatuni to whom the author is deeply grateful.



The kinetics and distribution of the simple radiation defects even in the
atomary single crystals need for a more detailed immediate measuvement and
explanation. ‘

Therefore it is necessary, to our mind, to attract a “divect", more
informative method for measuring the radiation defects to define the dimen-
sion, the form and the energy structure of the radfation damage. For this
purpose, the EXAFS study is applied in our present work as a successful
attempt on the basis of GaAsP solid solution irradiated with 50- Mev elec-
trons [j,f].

Single crystals GaAsP epitaxy grown an the GaAs substrate were used.
The substrate was polished out and the plates of GaAsP samples were reduced
mechanically to the smooth (mirror) surface. The thickness of 20-40 lognm was
obtained optimal for observing EXAFS, the sensitivity was 15% of the edge
absorption.

The experimental arrangement consists of an X-ray monochromator with
the channel-cut Ge (111} crystal and the intensity was monitored by an
ionization chamber [3]. The temperature of the samples was near the room
temperature, the other conditions being equal.

The synchrotron radiation from VEPP-3 storage ring at the Novosibirsk
Nuclear Physics Institute was used as the source. :

In Fig.1 the absorption coefficients of GaAs P, ( x = 32%) were
compared before and after the frradiation with 50-MeV electrons and the
fine structure aftor the .irradiation (dotted line) was revealed.

The results were analyzed by the computer system. in Fig.2 the functions
;L(K)==(f”'1un)/J”o '(where-_JU, 4, are the absorption coefficients
at twe aiven point and at the smooth spectral dependence region without
oscillations) are given afier the thivd-order polynomial approximation

versus the photoeilectiron wave number K . Fig.3 presents the Fourier-trans-
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torm, the comparison of the radial distribution functions shows that the
radius of the first coordination sphere it increased bv 2.6 nm (£0.2 nm)
ovwing to the %rradiation.

The Debye-Wailer factor is calculated on the basis of the phase shift
invariability {see the Table in Ref. [4] Y and this gives rise to an increase
of the Debye-Waller factor by 3! that testifies about a large mean ‘square
fe]ative displacement of the atoms due to the irradiation. The atom distri-
bution at the first coordination sphere is calculated by the curve fitting
method. The most probable and experimentally reasonable result is obtained
when the gallium central atom is surrounded by 3 atoms of phosphorus and one
atom of arsenic in the diamond type GaAsP crystal lattice with coordination
numbers 4+12+12+6+...

At present, works are being carried out to define the atomic distribu-
tion on the higher coordination spheres to determine the cluster radiation

defects, its geometric and energetic structure of the radiation damage.



Fig.l1.
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The absorption coefficient of single crystals
GaAsxPl-x {x = 32%) versus the energy of incident
quanta above the K-edges of Ga and As,

Solid 1ine - before irradiation, dotted line -

after irradiation with 50-MeV electrons.
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The relative absorption coefficient of gallium atoms
above the K-edge versus th» wave vector in single
crystals GaAs P (x = 32%). Solid line - before
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irradiation, dotted line - after ifrradiation with

50-MeV electrons.



IEE 4
oTH.26.
8451

9,10

00s

F1g9.3. The radial distribution of the Fourier-function modulus \
after the Fourier-transform of data in Fig.2.
Solid line - before irradiation, dotted line - after
irradiation with 50-MeV electrons. (The arrows indicate

the numbers of the coordination spheres).
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0 BORMOKHOCTY ITPVMEHEHAA JAJBHE! TOHKOH
CTFYKTYPH PEHTTEHOBCKOTO IIOTJOUEHNT EXAPS
B PAIVAIMCHHO! GMIIKE TBEPACTO TEIA
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