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The experimental magnetic treatment conditions of silicon crystals in a weak (B =
0.17 T) magnetic field which provide a long-term stability of magnetomechanical effect
(MME) have been investigated. It is established that at long-term and cyclic magnetic
processing, the MME relaxation is slowed down. The correlation character between the
magnetic processing duration of investigated samples and MME relaxation time is estab-
lished to be linear. A possible reason of MME prolongation at long-term and cyclic
magnetic processing is absorption processes and interdefect reactions on the magnetic-
field-activated silicon surface.

HccnemoBaHbl 9KCIepPUMEHTAJIbHBIE PEKUMbl MATHUTHON 00PAa0OTKM KPHUCTAIIOB KPeMHUA
B crabom (B = 0,17 Txa) MarHUTHOM MOJi€, KOTOPHIE OOECIEUMBAIOT AJUTEJIbHYIO CTAOUJIb-
HOCTb Marmuromexaunmdeckoro spderra (MMD). O6HapyKEeHO, UTO HPH AJUTEIbHON U IUK-
IUYecKoll MarHuTHO# o0paborke penakcarusa MMO samemisercsi. YCTaHOBJEH JHUHEHNHBINA
XapakTep CBSI3M MEKIy BPeMeHeM MarHhTHOII 00paboTKM HCCegyeMbIX O0pasiloB M BpeMe-
Hem penakcamuu MMO. Beposruoii npuunHoii nposonramuu MMO npu miInTeabHOR M IUK-
JIUYEeCKOl MAarHuTHON o00paboTKe SABJISIOTCH aACOPOIMOHHBIE IIPOIECCHl M MeXKIe(eKTHBIEe
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peaxknuyu HAa MArHUTOAKTHUBHPOBAHHOM IIOBEPXHOCTU KPEMHUS.

Recent studies have revealed changes in
the structure and the structure-dependent
(micromechanical and electrophysical) prop-
erties of weak-magnetic silicon crystals
after the treatment in a weak magnetic field
(MF) [1-7]. Changes in Si crystal micro-
hardness in constant magnetic field with in-
duction B =0.17 T were defined as the
magnetomechanical effect (MME) [5—7]. The
MME observed in Si crystals during short-
time (7 days) magnetic treatment (MT) in
constant magnetic field was found to be un-
stable and relaxed quickly (during a few
days). The magnetic-field-induced changes
in structure-dependent properties of Si crys-
tals are based on several processes [1-9].
First, it is a spin-dependent breakage proc-
ess of chemical bonds in point defect com-
plexes (PDC), particularly, in Si-O com-
plexes. Second, it is the process of "new"”
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PDC formation consisting of oxygen re-
leased due to decay of Si—O complexes and
vacancies present in Si crystals. The men-
tioned processes transform Si—O complexes
into oxygen-vacancy (O-V) ones which are
referred to as A-type defects [3]. Disappear-
ance of compression zones associated with
decrease in the concentration of free vacan-
cies and their transition to bound state re-
sults in a decrease of internal microstresses
and thereby of microhardness and thus in
the MME appearance.

It should be noted that the nature of
magnetosensitive centers (MC) in weak-mag-
netic materials, in particular in silicon, is
not elucidated completely to date. The ex-
perimental data obtained in [56—7] allow us
to suppose that MC are non-equilibrium me-
tastable complexes with thermodynamic po-
tential that can be lowered under magnetic
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Fig. 1. Relative microhardness relaxation
after termination of the action of magnetic field:
duration of magnetic treatment ¢,,, = 7 days (1),
tyr = 124 days (2) and t,,;, = 300 days (3).

field action. The MME relaxation is likely
to be due to the formation of A-like defects
due to the MF action that are metastable.
As a result, the initial structure in the
near-surface layers of Si crystals is restored
and the microhardness comes back to the
initial value. In our opinion, of certain sci-
entific interest is the question how the
changes in structure-dependent properties
observed in Si crystals as a result of mag-
netic treatment can be made irreversible.
This question requires a specal experimental
verification. We suppose that the main
point of this verification is to change the
experimental conditions under which the
MME was observed before [5—7]. A consid-
erable prolongation of MT as well as the use
of cyclic, that is, a repeated (multiple) MT
would allow to control experimentally the
irreversibility of changes in the structural
defect subsystem and thus the point about
irreversible changes in microhardness under
MF action. In this connection, the aim of
this work was to reveal the peculiarities in
the MME behaviour at prolongation of MT
and at the use of a cyclic MT.
Czochralski-grown n-Si (111) single crys-
tals were studied. The samples were divided
into three groups. Duration of magnetic
treatment, that is, exposure duration of Si
samples to a weak (B =0.17 T) constant
magnetic field was tp;p =7 days (for the
first group of samples), 124 days (second
group), and 300 days (third group). The ex-
perimental procedure for investigation of
relaxation processes was as follows. The Si
samples were subjected to the first cycle of
MT and just after withdrawal of the sam-
ples from the magnetic field their micro-
hardness was measured using a PMT-3 mi-
crohardness meter. Further measurements
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Fig. 2. The MME relaxation time ¢, the
duration of exposition of Si samples to mag-
netic field ¢,.

of microhardness H were carried out as the
delay between the MT and the moment of
microhardness measurement increased. The
period of time when the microhardness
changed due to MT was restored to the
value close to the reference one was consid-
ered to be the magnetic relaxation time
tyrr- The reference microhardness value was
assumed to be the value for the initial Si
samples which were not exposed to MF. As
the microhardness relaxation process was
over, the second MT cycle was carried out.
In the second cycle, the Si sample was again
exposed to magnetic field for 7 days. After
repeated MT, the microhardness measure-
ments were carried out again during a pro-
longed time (about 60 days). The relative
experimental error for microhardness meas-
urements did not exceed 4 %.

It has been found that when the MT du-
ration is raised from 7 days to 124 and
even 300 days (some 10 months), the MME
relaxation time rises (Fig. 1). It is to note
that an increase in the magnetic treatment
duration from 7 to 300 days practically did
not affect the MME magnitude being meas-
ured just after MT termination, whereas it
changed the MME relaxation time after re-
moval of the Si samples from magnetic
field. The dependence of the MME relaxa-
tion time on the MT duration has turned
out to be linear (Fig. 2). We suppose that
the MME prolongation mechanism at long
magnetic treatment durations may be due to
two processes: (i) the impurity adsorption
and generation occurring at the magnetic-
field-activated Si surface, and (ii) by mag-
netic-treatment-activated interdefect reac-
tions.

Experimental results related to the cyclic
mode of magnetic treatment have been also
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Fig. 3. Dependence of the MME magnitude
for Si samples on time that passed after ter-
mination of magnetic treatment: 1 — first
cycle of magnetic treatment, 2 — second cycle
of magnetic treatment. Parameters of magnetic
treatment: B = 0.17 T, t,,, = 7 days.

obtained. As is seen from Fig. 3, which il-
lustrates the above-mentioned results after
the first MT cycle, the MME was relaxed
quite quickly (the relaxation time ¢y =
5 days). After the first MT cycle, the MME
magnitude dropped from 25 % to 15 % and
the MME relaxation behavior changed, that
is, the MME remained constant for a long
time (about 60 days). The use of cyclic mag-
netic treatment mode, that is, carrying out
the second MT cycle after the MME relaxa-
tion, made it possible to clear up the ques-
tion about both preservation of MC after
the first MT cycle and the possibility to
effect the MC state in the case of their
survival. Our experimental results have
shown that after the first MT cycle, the
point defects still remained sensitive to MF,
because the MME took place after the sec-
ond MT cycle. The MME after the second
cycle, unlike the first cycle, was more stable
and not relaxing for a long time (about
60 days). The fast MME relaxation after the
first MT cycle (dependence I in Fig. 3) indi-
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cates that a short-term action of a weak MF
produces reversible changes in the point de-
fect subsystem. After the second MT cycle,
the PDC stability rises.

It is not improbable that certain interac-
tions occur between non-equilibrium struec-
tural defects being existed in Si crystals
prior to the second cycle and the defects
that were formed as a result of spin-depend-
ent reactions during the second MT cycle. It
is these interactions that resulted in irre-
versible structural changes and to the fact
that after the second cycle the MME be-
comes irreversible. Thus, the micromechani-
cal properties of silicon, in particular, its
microhardness, changes in different man-
ners both at different MT durations and
after different MT cycles. In our opinion, in
both cases — under both long-term and cy-
clic MT — the most probable mechanism of
the MME existence prolongation and its sta-
bilization is the occurrence of interdefect
solid-state reactions at the magnetic-field-
activated silicon surface.
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Penakcainia MarHiToMexaHIYHOTO e(eKTy y KpHcCTAJax
KPEMHiI0 B YMOBaX IUKJIYHOI MAarHiTHol oOpoOOKH

B.A.Maxapa, JI.Il.Cme6nenko, A.M.Kypuamwk, I0.JI.Ko63ap,
C.M.Haymenrxo, O.M.Kpim, B.M.Kpaeuenro

HocaigKeHo eKCIIepUMEeHTAJbHI PeKUMU Mar"HiTHOl 00poOKM KpuCTaiiB KpPeMHil0 y cial-
komy (B = 0,17 Tx) marmitaomy moxi, ski 3abesmeuyoTs TpuBady CTabijibHiCTHL MartiTome-
xaniunoro edpexty (MME). Busapneno, mo mpu tpuBadiii ta muKIiuHifl mMariTaili 06pobii
penakcamnis MME cuoosinbHIOETHC. BeranoBiaeHo niHifiHMI xapakTep 3B a3Ky MiK dacom
MargiTHol 00poOKuO IM0 MOCHimKyIOThbCs, 3paskiB i wacom penaxcarnii MME. ImosipuoiO
npuunuoio nposouramnii MME opu tpuBamiii 1 mukaiumiit marmitaiii o6pobii € agcopOmiiiai
nporiecu Ta MiKgedeKTHI peaKIii HAa MarHiTOAKTMBOBAHIN IIOBEPXHI KpeMHiio.
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