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ABSTRACT

Lattice location experiments were made during isochronal anneals on
As, Sb and Ga implanted silicon with Rutherford backscattering and channeling
techniques. A reverse annealing effect was found for As between 700 and 800°C.
The high substitutional component of Sb found at 700°C decreases with in-
creasing anneal temperature. In diffused tails practically all Sb atoms
occupied substitutional lattice sites. For Ga implants no attenuation was
found up to 800°C.

AHHOTALINA

Bbinm mccnefoBaHbl MOMOXEHUA BHeLPEHHbIX aTtomMoB As, Sb m Ga B KpucTannu-
YeCKMX peweTkax KpeMHWs B 3aBUCUMOCTW OT TemnepaTtypbl OTXura. V3mepeHus nposo-
OVUNUCb C NOMOWBID 06pPaTHOro paccesHUs WOHOB M MCNONb30BANicCaA MeTO[L OCHOBbIBAKLWUIA-
ca Ha 3(pdekTe KaHanupoBaHusa. [Ana atomoB As, npu Temnepatype oTxura 700-800 C
Habnwganocb fABneHne "oTpuuyaTenbHOro oTxwura". B cnyyae atomoB bb,npu Temnepaty-
pe oTxura 700°C nokasblBaeTcs 60NblIOE 3HAYeHWe 3aMellalolWero KOMMNOHEHTa, KOTOpoOe
yMeHbLIaeTca C pPOCTOM TemmnepaTypbl OTXura. YacTb atoMOB CypbM, AUDOYHAMPYHOLLMX
BHYTPW KPEMHUA 3aHMMaeT NpakKTMYeCKO BCHA 3amellaloliee MOMOXEHWE B KPUCTANNU4YeCKOMN
peweTke. Ana atomoB Ga fo Temnepatypbl omTxura 800°C HM 3amMellalolWne HU MeXLOY3efb-
Hble KOMMOHEHTbI MpumMmeceid He Habnwganucs.

KIVONAT

Si-ba implantalt As, Sb és Ga atomok racshelyekre térténé elhelyez-
kedését vizsgaltuk Rutherford visszaszérdsos analizis és csatornahatdson ala-
pulé technika segitségével. A mintdk h6kezelése izokron mddon tértént. As ese-
tén 700-800°C kozott "reverse annealing” jelenséget észleltink. Sb esetén
700°C-néal a szubsztitucids komponens értéke nagy. A h6kezelési hdmérséklet
novelésével ez az érték egyre csdokken. A diffundéalt Sb atomok gyakorlatilagQ
teljes mértékben szubsztituciés récshelyeket foglalnak el. A Ga atomok 800°C-ig
sem szubsztituci6s, sem szabdalyos intersticidlis helyeket nem foglalnak el.



In early works on lattice location of group Ill and V elements
implanted into silicon (jL,2,3] some basic phenomena were described. 1t was
concluded that group V elements are closer to the expected behaviour, while
group Il elements show more pecularities /e.g. replacement mechanism during
annealing/.

Lattice location experiments during an isochronal annealing were
made on As, Sb or Ga implanted silicon for different fluxes during implanta-
tion. Fluxes of 0.1 and 1.0 or 4.5 yA/cm were applied. The substrates were
held at room temperature during implantation. Annealing was carried out in
dry argon atmosphere using 30 min anneals at each temperature.

Backscattering experiments were made on a 5 MeV Van de Graaff
accelerator with 1.5 MeV He+ ions. Ortec surface barrier detector and standard
Ortec electronics were used with a goniometer and an on-line multichannel
analyser. Spectra were taken in random and aligned crystals in <111> and
<110> directions. Investigating the lattice location of the species, the
corrected attenuation /A/ in the impurity spectrum is given by

A -A
A = 100 7-— ——-T per cent,
VAV
where A= is the channeled yield in the impurity peak, A is the random yield
in the impurity peak and Xm'‘n is the smallest ratio of aligned to random
yields. The attenuation A is the percentage of impurity atoms lying along the
atomic rows aligned with the analysing beam [3].

If values of A are close to unity and are at the same time equal in
<111> and <110> directions, A gives the percentage of substitutional atoms
Qf] . If the attenuation is higher along the <111> than the <110> directions,
this indicates that some of the implanted atoms are on tetrahedral intersti-
tial sites.

In Figs. 1-6 the annealing of the disorder and corrected attenuations
are displayed as a function of isochronal annealing for different fluxes
during implantation and for different implantation energies. The total number
of substrate atoms removed from lattice sites during implantation, computed
by using the data of Ziegler et al. [4], is also given in the figures.
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Besides lattice location experiments, some samples were investigated
by electrical and infrared techniques. The infrared absorption on free
carriers was measured as a function of isochronal annealing of 80 keV implanted
As into silicon /Fig. 7/.

Results

The annealing of the disorder
does not show any special features as
compared to the results of previous
investigators [2j. It is also clear
that no appreciable flux dependence
was observed for even a greater change
in flux than one order of magnitude.

In the temperature range
700-800°C, the substitutional component
of arsenic decreases indicating the
existence of reverse annealing. This
might be associated with the replace-
ment mechanism between Si interstitials
and arsenic dopants /Figs. 1-2/ [5].
The increase in substitutional level
at higher temperatures may perhaps be
interpreted as an enhanced recombina-

Fie- 7. tion of interstitial arsenic with
thermally activated vacancies. Reverse
annealing was obtained also from infrared measurements at the temperature
range of 700-800°C before reaching full electrical activity /Fig. 7/.

The annealing behaviour of Sb implants is shown in Figs. 3-4. In the
case of 0.1 yA/cm2 implant the <111> and <110> orientations have the same
attenuation, therefore the antimony does not occupy tetrahedral interstitial
lattice sites. Attenuation curve in Fig. 4 shows an appreciable substitutional
component of Sb at 700°C anneal as reported wearlier [6]. This portion decreases
at higher anneal temperatures. At the highest temperatures, however, where
diffusion takes place, the diffused part is fully substitutional, while for
atoms still in the peak of the implanted distribution the attenuation decreases
with increasing temperature.

The lattice location experiments on Ga doped silicon gave practically
no substitutional component up to 800°C anneals /Figs. 5-6/. At higher



temperatures outdiffusion of Ga took place.

The authors are grateful to Dr. L. Keszthelyi and his coworkers for
their contribution at the early stage of the measurements and for their
activity in establishing the backscattering technique in this institute.

Thanks are due to E. Pé&sztor for the implants, and to M Szalék for construct-
ing the goniometer.
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