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This papers presents the results of the in�uence of a weak magnetic �eld (MF) (0.354 T) on
the electrophysical properties of surface structures based on p-Si. A 300-hours exposure of single-
crystal silicon samples in a magnetic �eld stimulates the decay of hydrogen-containing and oxygen-
containing surface complexes (Ñ�HX , Si�O�H, Î�Í) and the formation of Si�H3 centers. As a result,
the surface resistance increases and the barrier properties of the Bi�Si(p) contact deteriorate
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I. INTRODUCTION

Modern semiconductor electronics requires a search for
new materials or modi�cation of existing ones to regi-
ster small �uctuations of weak electromagnetic �elds. By
using a magnetic resonance analysis for semiconductor
and dielectric structures, a method to the verify data
collected is required to ensure the absence of a probing
�eld in�uence on processes in the analysed samples.

As shown in [1, 2], the main cause of diamagnetic
materials' sensitivity to weak magnetic �elds is spin-
dependent processes in imperfect crystals related to
the removal of the spin-forbidden principle in defect
complexes and their further disintegration. However,
they cannot be implemented in a thermodynamically-
equilibrium system working only when there's a
thermodynamic ambiguity between the initial and the
�nal states of the system. Furthermore the conditions
in which a weak MF (magnetic �eld) could maintain
great polarization of the spin system need to be created,
without which it is impossible to achieve signi�cant
macroscopic e�ects.

However, magnetically stimulated processes are more
e�cient in the presence of the considerable amount of
structural (linear in particular) defects in subsurface
layers of semiconductors [3�6]. In addition, the e�ci-
ency of such processes is a�ected by the magnetic �eld
exposure time [7, 8] as well as by the precence of absorbed
atoms or molecules that cause changes of the impurity
composition of subsurface layers and the charge state of
the surface [9,10].

Treatment with weak magnetic �elds can deli-
berately change the properties of semiconductors and
semiconductor-based structures [11�15].

The aim of the work was to establish the ori-
gin of the silicon structures' sensitivity to a weak
magnetostatic �eld and to investigate the degradation
of the electrophysical and electromechanical characteri-
stics of those structures after 300 hours of the magnetic
�eld exposure.

II. METHODOLOGY

In this research, single-crystalline silicon samples of a
p-type conductivity doped with boron and 10 Ohm/cm of
resistivity were used. The dimensions of the experimental
samples were 3× 3× 8 mm3.

Fig. 1. Silicon sample with metal contacts

On the surface (111) of the sample, silicon structures
were formed by using a method of thermal vacuum
evaporation of aluminium (ohmic contact) and bismuth
(barrier contact) [10]. It allowed us to prepare two di-
�erent metals on one surface by one vacuuming cycle.
As a result, structures Al�Si�Al and Bi�Si�Al (Fig. 1)
were formed for further research into their surface and
volume electroconductivity and rectifying properties of
the Schottky barrier.

Defect formation processes on the surface and
subsurface layers of silicon crystals were analysed by IR
spectroscopy [16].

Using this method, the composition of adsorbed
complexes was determined as well as their role in the
defect formation and in changing the crystal conductivi-
ty. IR spectra of the experimental samples were measured
in the absorption mode the in 500�4000 cm−1 range on
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the IR spectrometer Specord 75 IR.
Electrophysical properties of the Bi�Si�Al structure

were studied by measuring and analysing the current�
voltage characteristic (IVC) and the high-frequency
capacitance�voltage characteristic (CVC) curves. From
the experimental C�V characteristics, the distributi-
on of surface-state density in silicon's bandgap on the
boundary of Si�SiO2 was calculated [16].
Measurements of the electrical resistance of p-Si single

crystals as a function of the elastic mechanical stress
(R = f(σ)) were carried out on a self-made research
complex, which included the dynamometer XK3118T1
and the millivoltmeter B7�34A, with results being
recorded every second to a computer. The compression
velocity was 8 µm/min.
Magnetic processing of the samples was carried out

by exposing them for 300 hours to a magnetostatic �-
eld (B = 0.354T) in the ambient atmosphere and in a
darkened working chamber at room temperature.

III. RESULTS

Figure 2 shows the characteristic curve of the
resistance changes over the exposure time in the
magnetostatic �eld in Al�Si�Al [18]. It can be seen that
the magnitude of the surface resistance increased by
5.5% over 1200 hours of the samples' exposure to the
MF. However, further exposure leads to a drop in resi-
stance. Moreover, such cycle of R = f(t) tends to recur,
but with a di�erent exposure time. It should be noted
that when exposing the samples to the MF for up to
5000 hours, the magnitude of the surface electrical resi-
stance only changes by up to 6.3% from an initial value.
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Fig. 2. Dependence of the resistance of a single p-Si crystal
on the time spent in a magnetic �eld

The increase in resistance at the initial stage of the
exposure of the Al�Si�Al structure to the MF (up to
1200 hours) can be associated with spin-related processes
of the decomposition of absorbed hydrogen-containing
impurities [10].
In Fig. 3 the IR absorption spectrum of single crystalli-

ne silicon samples is shown before and after 300 hours of

the exposure to the MF.
For the as-grown sample there are several groups of

peaks in three areas [19]:

I � 4000�2500 cm−1 is the area of valence vibrations
of single bonds (X�H, O�H, N�H, C�H, S�H),

II � 2500�1500 cm−1 is the area of valence vibrations
of multiple bonds (X = Y,X ≡ Y , C=C, C=O,
C=N, C≡C, C≡N),

III � 1500�500 cm−1 is the area of valence vibrations
(X�Y , C�C, C�N, C�O) and deformation �uctuati-
ons of single bonds (X�H, C�H, O�H, N�H).

By comparing the results with the literature data
[16,20,21], it was established that these peaks correspond
to hydrogen-, oxygen- and carbon-containing complexes
and their connections with silicon atoms (see Table 1).
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Fig. 3. Infrared absorption spectra of the p-Si sample before
and after 300 hours of exposure to the MF

Peaks of IR spectra in the range from 3000 cm−1 to
3800 cm−1 correspond to the absorption of O�H bonds
vibrations, particularly in water molecules (3619 cm−1),
which adsorbed on the surface and in Si�O�H bonds
(3401 cm−1). There are many low-intensity bands in
the range 2500�2840 cm−1, which can be identi�ed as
absorption due to the C�HX bonds.

λ(max), cm−1 Complex λ(max), cm−1 Complex

612, 900 Si�H2 1720�1820 C=O

750 Si�C 1990�2200 Si�H3

1100 O�Si�O 2340 O3�Si�H

1220 Si�O�C 2500�2840 C�HX

1310�1530 C�CH3 3000�3500 Si�O�H

1620 C≡C 3590�3800 O�H

Table 1. Absorption maximums and corresponding defect
structures of the p-Si sample

Absorption in the ranges of 1990-2200 cm-1 and 2340
cm−1 is related to �uctuations of silicon complexes Si�H3
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and O3�Si�H respectively. Absorption bands on 1620�
1820 cm−1 are identi�ed as valence �uctuations of multi-
ple bonds C=O and C≡C.
Band peaks between 1310�1530 cm−1 correspond to

the deformation mode C�CH3, and the range 612�
1220 cm−1 is related to adsorption processes of carbon
and water on the silicon surface, as well as the silicon
oxidation process (1100 cm−1) [19].

After the magnetic treatment, a decrease in the ampli-
tude of the absorption coe�cient in the range of the wave
vector from 2500 up to 3800 cm−1 can be observed on
the IR spectrum (Fig. 3). In particular, the concentrati-
on of absorption centres, which correspond to valence
�uctuations of single bonds with hydrogen (C�HX , Si�O�
H, O�H), is decreasing. As a result, the released hydrogen
can migrate on the surface and passivate acceptors [22].
This is con�rmed by an increase in peaks amplitude, whi-
ch corresponds to Si�H3 complexes.
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Fig. 4. The current�voltage characteristic of the barrier
structure Bi�Si�Al before and after 300 hours of exposure

to the MF

In Fig. 4, the current�voltage curve of Bi�Si�Al is
shown before and after processing in the MF. 300 hours
of such exposure causes a decrease in the current density
through Bi�Si(p) contact in the voltage range from −3
to +5 V.

As shown earlier, the magnetic treatment causes the
reconstruction of hydrogen-containing surface complexes
in silicon subsurface layers. As a result, the charge state
of electrically active centres changes and their neutrali-
zation occurs. Consequently, a decrease in conductivity
may happen [23].

Along with this, in theoretical models of barrier
structures, it is considered that the major in�uence on
IVC is caused by surface states (SS), which exist on the
boundary. It is known [10] that magnetic �eld exposure
leads to an increase in surface states density on Si�SiO2

interphase boundary and to a change in the charge state
of the oxide.

In Fig. 5, the capacitance-voltage characteristic of the
barrier structure and the density distribution of quick
surface states in the silicon bandgap on the Si�SiO2

border in samples after 300 hours of the magnetic �-

eld exposure are shown. After analyzing these graphical
results, we can identify the presence of the following two
processes.

First: the reduced density of states near the valence
band and near the midgap of silicon. It is related to
the passivation of acceptor bonds with hydrogen and the
corresponding restructuring of the defect structure in the
silicon subsurface layer.
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Fig. 5. Magnetically stimulated changes of the capacitance-
voltage characteristic of barrier structure (a) and density di-
stribution of quick surface states in silicon bandgap on the

Si�SiO2 border (b)

Second: a decrease in the capacity value on CVC peak
in the positive voltage area and on insigni�cant increase
in the states density near the conductivity band (0.2�0.4
eV). The reason is the negative charge accumulation on
the silicon oxide boundary.

The e�ect of the MF can lead to a dynamic polari-
zation of the atomic nucleus in silicon isotope Si29 and
the electron spins polarization of silicon's and impurity's
(oxygen's) atoms caused by super�ne coupling with the
polarized nucleus [24, 25]. As a result, on boundary Pb-
center is formed along with a neutral silicon atom that is
combined with three oxygen atoms and has one electron
on unoccupied orbital [22]. Consequently, at negative
voltages (below −3 V) an increase in the reverse current
density can be seen (Fig. 4), along with a decrease of the
positive charge value on the boundary (Fig. 5).

In Fig. 6 the dependence of p-Si crystals resistance on
elastic mechanical load is shown.

At the initial stage of the deformation, the ratio of the
resistance value to the initial resistance value of Al�Si�Al
structure increases linearly. For the as-grown sample, the
decrease in the rate of change of the curve can be seen at
the stress over 18.8 MPa and the curve saturation occurs
at the pressures over 36 MPa.

As shown in [26], the aluminium �lm on the silicon
surface creates a supplementary mechanical �eld, whi-
ch can amplify the gettering intensity of defects and
impurities. With the growth of the elastic deformation
pressure up to 18.8 MPa, the subsurface layer of the
Al�Si�Al structure enriches itself with such complexes
that e�ectively dissipate primary charge carriers and,
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consequently, cause an increase in resistance. But, at
the pressure higher than 18.8 MPa, the e�ciency of this
process decreases. This can be due to the layering of
another silicon mechanically stimulated process.
In [27,28] it is shown that during the compression

of the crystal lattice in p-type silicon, the correlation
between light and heavy holes can be changed. This leads
to a reduction of in the e�ective mass of heavy holes and
reduced resistance.
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Fig. 6. Dependence of the electrical resistance of the p-Si
crystal on the magnitude of elastic mechanical deformation
(< 40MPa). R0 is the value of the initial resistance of the

p-Si sample

As a result of these two opposed processes, a change
in steepness can be observed, as well as saturation

emergence at high pressures.

In the sample that has gone through 300 hours of
magnetic treatment, changes are similar but made wi-
th less deformation force (11.3 and 28 MPa accordi-
ngly). This shows that the free holes concentration in
the sample exposed to the magnetic �eld is smaller than
in the as-grown sample, because of the acceptor passi-
vation with oxygen. That is why gettering processes and
the generation of new holes occur faster and with lower
pressures.

IV. CONCLUSION

Structures based on p-Si change their surface resi-
stance in the magnetostatic �eld with the induction of
B = 0.354T based on the exposure time.

300 hours of magnetic exposure causes the decomposi-
tion of absorbed hydrogen-containing complexes on the
surface of silicon. Also, exposure to a MF leads to
the passivation of acceptor bonds, which reduces the
conductivity of the Al�Si�Al structure and degrades the
rectifying properties of the Bi�Si contact.

Mechanically stimulated changes of the surface resi-
stance of the Al�Si�Al structure depend on the initial
defective state of subsurface layers and the compression
ratio.

Magnetic exposure helps to reduce the amount
of mechanical stress, at which changes in mechano-
stimulated e�ect occur.
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ÌÀÃÍIÒÎÑÒÈÌÓËÜÎÂÀÍI ÇÌIÍÈ ÅËÅÊÒÐÎÔIÇÈ×ÍÈÕ ÂËÀÑÒÈÂÎÑÒÅÉ
ÏÐÈÏÎÂÅÐÕÍÅÂÎÃÎ ØÀÐÓ ÊÐÅÌÍIÞ

Á. Â. Ïàâëèê, Ä. Ï. Ñëîáîäçÿí, Ð. Ì. Ëèñ, Ì. Î. Êóøëèê, Ð. I. Äiäèê, É. À. Øèêîðÿê
Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,

êàôåäðà ñåíñîðíî¨ òà íàïiâïðîâiäíèêîâî¨ åëåêòðîíiêè,

âóë. Ãåíåðàëà Òàðíàâñüêîãî, 107, 79017, Ëüâiâ, Óêðà¨íà

Ó öié ïðàöi íàâåäåíî ðåçóëüòàòè âïëèâó ñëàáêîãî ìàãíiòíîãî ïîëÿ (ÌÏ) (0,354 Òë) íà åëåêòðî-
ôiçè÷íi âëàñòèâîñòi ïîâåðõíåâèõ ñòðóêòóð íà îñíîâi p-Si.

Ïîêàçàíî çàëåæíiñòü ïîâåðõíåâîãî îïîðó p-Si âiä ÷àñó åêñïîçèöi¨ ñòðóêòóð Al�Si�Al â ïîñòié-
íîìó ìàãíiòíîìó ïîëi ç iíäóêöi¹þ 0.354 T. Óñòàíîâëåíî, ùî çàëåæíiñòü R = f(t) ìà¹ òåíäåíöiþ
ïîâòîðåííÿ, îäíàê iç ðiçíèì ÷àñîì åêñïîçèöi¨. Ç àíàëiçó I×-ñïåêòðiâ ïîãëèíàííÿ âñòàíîâëåíî, ùî
âèòðèìêà ìîíîêðèñòàëi÷íîãî êðåìíiþ â ÌÏ òðèâàëiñòþ äî 300 ãîä çìåíøó¹ êîíöåíòðàöiþ àäñîðáî-
âàíèõ öåíòðiâ íà ïîâåðõíi, ùî âiäïîâiäàþòü âàëåíòíèì êîëèâàííÿ ïðîñòèõ çâ'ÿçêiâ iç âîäíåì (Ñ�HX ,
Si�O�H, Î�Í). Ó ðåçóëüòàòi âèâiëüíåíèé âîäåíü ïàñèâó¹ àêöåïòîðíi çâ'ÿçêè òà óòâîðþ¹ êîìïëåêñè ç
êðåìíi¹ì (Si�H3). ßê íàñëiäîê, çìåíøó¹òüñÿ ïîâåðõíåâà ïðîâiäíiñòü òà çðîñòà¹ âåëè÷èíà âiäíîñíî¨
çìiíè îïîðó ïiä ÷àñ ïðóæíî¨ äåôîðìàöi¨. Ïîêàçàíî, ùî âíàñëiäîê ìàãíiòíî¨ îáðîáêè çìåíøó¹òüñÿ
âåëè÷èíà ìåõàíi÷íîãî íàâàíòàæåííÿ (40 %), çà ÿêî¨ âiäáóâà¹òüñÿ çìiíà ìåõàíîñòèìóëüîâàíîãî åôå-
êòó â êðåìíiþ ð-òèïó ïðîâiäíîñòi. Çìiíà ãåòåðóâàííÿ äiðîê äåôåêòàìè ïðèïîâåðõíåâîãî øàðó íà
ïðîöåñ ãåíåðàöi¨ âàæêèõ äiðîê âiäáóâà¹òüñÿ çà σ = 11.3 ÌÏà, íà âiäìiíó âiä σ = 18.8 ÌÏà äëÿ
íåîáðîáëåíîãî ÌÏ çðàçêà.

Ïðîâåäåíî àíàëiç ìàãíiòîñòèìóëüîâàíèõ çìií âîëüò-àìïåðíèõ òà âîëüò-ôàðàäíèõ õàðàêòåðèñòèê
ñòðóêòóð íà îñíîâi p-Si. Ïîêàçàíî, ùî 300-ãîäèííà âèòðèìêà áàð'¹ðíî¨ ñòðóêòóðè â ìàãíiòíîìó ïîëi
ñïðè÷èíÿ¹ çìåíøåííÿ ãóñòèíè ñòðóìó ÷åðåç êîíòàêò Bi�Si(p) â äiàïàçîíi íàïðóã âiä −3 äî +5 Â. Ó
ðåçóëüòàòi ïîãiðøóþòüñÿ éîãî âèïðÿìíi âëàñòèâîñòi. Óñòàíîâëåíî êîðåëÿöiþ ìiæ ðåçóëüòàòàìè àíà-
ëiçó I×-ñïåêòðiâ ïîãëèíàííÿ òà ðîçïîäiëîì ãóñòèíè ïîâåðõíåâèõ ñòàíiâ ó çàáîðîíåíié çîíi êðåìíiþ
ïiñëÿ åêñïîçèöi¨ çðàçêiâ ó ÌÏ. Ïîêàçàíî, ùî ïåðåáóäîâà âîäíåâîìiñòêèõ òà êèñíåâîìiñòêèõ äåôå-
êòiâ ïðèâîäèòü äî óòâîðåííÿ Pb-öåíòðiâ íà ìiæôàçíié ãðàíèöi Si�SiO2. Öå ñïðè÷èíÿ¹ çìåíøåííÿ
âåëè÷èíè äîäàòíîãî çàðÿäó â äiåëåêòðè÷íîìó ïðîøàðêó ñòðóêòóðè Bi�Si(p).

Êëþ÷îâi ñëîâà: êðåìíié, ìàãíiòíå ïîëå, ïðóæíà ìåõàíi÷íà äåôîðìàöiÿ, âîëüò-ôàðàäíà õàðà-
êòåðèñòèêà, I× ñïåêòðè ïîãëèíàííÿ.
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