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DEPOSITION OF THIN ION-IMPLANTED LAYERS ENRICHED WITH IRON
ATOMS ON NEAR SURFACE LAYER OF SILICON

A K. Abdurakhmanov!, B.E. Egamberdiev?, Sh.A. Sayfulloyev’

'Doctor of Physical and Mathematical Sciences, Professor of Tashkent University of
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The paper deals with the results of experiments aimed at studying the profile distribution
and the formation of thin layers of 1on-implanted iron atoms 1n the near-surface of silicon sample.

The process of 1on implantation of iron atoms on silicon was done by exposure of silicon
surface to ion beam with ion energy of Ep = 40ke}” and radiation dose in the range of 10"%=10"7
ion/cm’. As a starting material the authors used silicon doped with boron atoms, with a resistivity
o =10 2cm [1-3].

An array of measurements of distribution profiles of iron atoms on near-surface of silicon
was done on a secondary 1on mass spectrometer LAS-2200 (RIBER.).
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Figure | shows the distnbution profiles of Fe 1ons with energy of 417 kel and radiation dose

of 10" jons/cm’ in Si.
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Fig 1. Distribution profiles of Fe ions with energy of 40 keV and radiation dose of 10" ions/cm’
in Si.

After implanting iron atoms with a dose of 10 jon/cm’, there were 83% of silicon, 15% of
oxygen and 2% of iron (all in atomic units) on the surface of the sample due. In the sensitivity
range of the technique, iron is observed at a depth 600.4. At a depth of 40i.4, when the dose of
radiation was /07 jon/cm’, the share of elements was as follows: silicon - 76%, oxygen - /8% and
iron - §%. Thermal treatment has had a significant effect on the percentage of elements. For
example, as for the doped samples with irradiation dose of 10" jon/cm’, the distribution maximum
shifis to a depth of 8004

Figure 2 shows the Rutherford back-scattering spectra of He™ 1ons in single crystalline Si
sample doped with Fe ions with an energy of 41 kel and a radiation dose of 1('°-1#'7 jon/cm?. It
can be seen that the peak of implanted Fe atoms appears at a depth of 400 A with a width of 100 A
at a dose of D = 107 ion/cnr’.

At a radiation value of D = 10" jon/em’, we have witnessed a kind of amorphization of the
near-surface layer of silicon and a significant increase in the peak of implanted Fe atoms: Fe + §i
-cluster phases begin to occur in certain places of the 1on-doped layer.
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Fig.2. Rutherford back-scattering spectra of He' ions in single crystalline 5i sample doped with
Fe ions with an energy of 40 keV and a radiation dose of 107-10"" jon/cm’.

These changes occur up to an amount of (8=10)-10'% jon/em”. A subsequent increase in the
amount does not lead to a significant change in the relative intensity of peaks of S1 and Fe atoms.
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In parallel, the crystal structure of and electrical properties of ion-doped near-surface layers
were studied. The experimental results showed that at 10" jon/cm’ there was still no significant
expansion of the near-surface layer, the concentration of electroactive Fe atoms did not exceed
~5-10"cm. Increasing the dose to 5-10" jon/cm” practically does not lead to an increase in the
concentration of electroactive Fe atoms. There will be a partial disorder at the near-surface region,
while the backscattering peak of Fe will be more visible and stronger.
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Rare-earth multiferroic (1-x)AFei2Oye - xBTiO:(A-Ba,Pb.Cd;B-Ba,Pb) i1s interesting
because it is a potential candidate for use as a functional element in information storage devices,
spintronics, magnetoelectric sensors, etc. Such applications are based on the presence of magnetic
and ferroelectric sublattices in YbMF and the possibility of cross-infuence on them by electric and
magnetic felds, respectively. The mtal (l-x)AFe;20s - xBTiO;(A-Ba,Pb,Cd;B-Ba.Pb)
component crystallizes in the hexagonal syngony (heremafter h-YbMO), while the second
YbFeO3 component crystallizes in the hexagonal (hereinafter h-YbFO) and orthorhombic
{(hereinafter o-YbFO) syngonies. Hexagonal h-YbMO 15 a multiferroic with a ferroelectric phase
transition temperature Te=%93 K . The temperature of the antiferromagnetic phase transition difers
in diferent works: According to, the antiferromagnetic transition in these manganites occurs at TN
= T0-130K, according to other sources, TN i1s 8l K and 82 K, respectively. The stable
orthorhombic phase o-YbMO can be obtained by heating the hexagonal h-YbMO under a pressure
of 5 GPa and a temperature of 1100 °C [14] or by quenching under high pressure. According to,
the magnetic phase transition occurs at TN =43 K. Hexagonal h-YbFO 1s also multiferroic. At
room temperature, its symmetry space group 1s P63cm, and it i1s characterized by two ferroelectric
phase transitions. The transition temperature from the paraelectric to ferroelectric phase is
Tel=470 K. and the transition between the ferroelectric phases occurs at a temperature of



