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The effect of a weak static magnetic field on the structure and charge state of
silicon for solar energy storage is investigated. As found, the magnetic-field-
stimulated changes in the defect—impurity state and surface potential are
reversible.

B poborTi gociigsxeHO BB CIa0KOr0 CTAJIOT0 MATHITHOTO OJIS HA CTPYKTYPY
Ta 3aPAMOBUI CTaH KPEMHIIO [IJIsI COHAYHOI eHepreTuku. BusBieHo, 1110 MarHi-
TOCTUMYJIbOBaHI 3MiHU HJe()eKTHO-JOMIIIIKOBOI'O CTAHY Ta MIOBEPXHEBOTO IIOTE-
HIliaJIy MaloTh 3BOPOTHINA XapaKTep.

B pabote uccienyerca BiauAHVE cJIa00ro MOCTOSHHOTO MArHUTHOTO IIOJIS Ha
CTPYKTYPY U 3apAI0BOE COCTOAHNE KPEeMHUA IOJIs COJTHEeUHOH suepreTuku. 06-
Hapy:KeHo, YTO MAarHUTOCTUMYJIUPOBaHHBIE N3MeHeHUs Ae(eKTHO-IPUMEeCHO-
T'0 COCTOAHUA U ITOBEPXHOCTHOTO ITOTEHITNAJIA HOCAT 00paTUMBII XapaKTep.

Key words: ‘solar’ silicon, impurities, magnetic field, surface potential, car-
rier recombination time.
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1. INTRODUCTION
Despite considerable efforts, it has still much to be done in studying of

magneto-stimulated effects on structure and physical characteristics
of solar silicon. This research field is of remarkable importance be-
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cause numerous devices made of solar silicon are frequently used in
hazardous operation conditions, including radiation and electro-
magnetic fields. Although the response of the devices on the electrical
component of the electromagnetic field is well addressed, little is
known about the effect of the magnetic component.

Recently, the effect of magnetic fields, including weak fields (in-
duction B <1 T), on the physical characteristics of low-magnetic mate-
rials with various types of chemical bonds [1-12] has been actively
studied. The share of such scientific studies of covalent crystals, in
particular, silicon crystals, is rather small. Magnetically sensitive
phenomena have not been studied at all on solar-grade silicon crystals.
The fact that problems concerning the effect of magnetic fields on the
properties and real structure of ‘nonmagnetic’ solar-grade silicon
crystals are still studied insufficiently makes their consideration ap-
propriate and topical.

In our previous work [13], the influence of the static magnetic field
with B=0.17 T on the decay kinetics of the photoconductivity in solar
silicon crystals has been reported. The particular attention has been
given to the reversal effect of electro-physical characteristics in solar
silicon with time after the magnetic field is switched off.

In order to explain the observed features [13], the hypothesis has
been suggested that the changes in the decay kinetics are caused by ad-
sorbed and gettered by the magnetically activated surface charged im-
purity centres. It is a goal of this work to verify this hypothesis exper-
imentally.

2. EXPERIMENTAL

Experiments were performed on p-type solar grade Czochralski-grown
Si, boron doped to the resistivity of 5 Ohm-cm. Magnetic treatment was
performed by placing Si samples into the static magnetic field H=0.17
T during a time interval ¢.

The impurity content both of the control samples placed out of the
magnetic field and the samples subjected to the magnetic field treat-
ment is carried out using X-ray spectral analysis, which combines an
X-ray analyser and a scanning (transmission) electron microscopy ap-
paratus. Surface photovoltage (SPV) transients are measured in the
capacitor arrangement [5], and details of our setup are given elsewhere
[14, 15].

The scanning SPV apparatus based on the AC-SPV technique and
utilizing a ‘flying spot’ arrangement is used for obtaining SPV decays
and spatially-resolved SPV maps. The 7-mW light-emitting diode
(LED) with light peak at about 650 nm is used as the excitation source.
This technique is capable of providing wafer maps of both the photo-
voltage magnitude and carrier lifetime with a 100-um spatial resolu-
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tion.

3. RESULTS AND DISCUSSION

Figure 1 compares the SPV surface distributions taken in one of our
samples before (a) and after (b) magnetic treatment. It is seen that the
treatment enhances the SPV signal remarkably (up to two times) mak-
ing its distribution over the sample surface much more uniform. The
uniformity and the total area of the enhanced SPV are found to in-
crease with increasing the treatment time ¢. It is most likely that both
the signal and the area increase are caused by impurity adsorption and
gettering effects occurring in the subsurface region of the sample in
the presence of the magnetic field. These would affect the surface
charge altering the surface band bending, which in turn affects SPV.

Therefore, it should be noted that dopants could be coerced into the
subsurface redistribution by applying external magnetic fields thereby
affecting the surface charge. It is also important to note that the
broadened SPV distribution given by (b) in Figure relaxes to its nearly
initial shape (cf. (a) in Figure) well after the magnetic field is switched
off, indicating a reversible redistribution of dopants in magnetic
fields.

Application of the X-ray spectroscopy technique shows that the car-
bon (C) atom concentration exhibits up to 4.8-times increase in the
subsurface region of the sample with a depth of about 2 um due to
magnetic treatments. The concomitant increase in the oxygen (O) con-
centration is about 1.6 times, and these enhancements are accompa-
nied by changes in the Si matrix content.

We believe that the above observations can be explained by the mag-
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Fig. 1. Surface distribution of the SPV signal in the control (a) and magneti-
cally treated (b) samples of solar Si. The treatment time is t = 7 days in (b).
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netic field stimulated inter-defect interaction of carbon with oxygen and
silicon atoms giving rise to the Si—C—O defect complexes, which have
been found to be electrically active and affect the surface charge [16].

Measurement of the SPV decays allows one to relate directly the ob-
served decay time to the recombination time of photoexcited carriers
through the barriers generated by charged impurities and defect com-
plexes. It is found that the observed broadening of the SPV distribu-
tion is in a good agreement with enhanced times t,,, pertinent to the
carrier recombination through the barriers. The value of 1., shows 2-
to 2.5-times increase in the magnetic field. Again, keeping the sample
out of field for a prolonged time ceases the 1,,, increase to exist, similar
to the above relaxation of the SPV signal and its surface distribution.

This in turn illustrates that the charge state of the centres responsi-
ble for SPV is unstable. It is likely that, with a time span after the
magnetic field is switched off, charged centres become involved into
the magnetic field stimulated inter-defect reactions, for example, with
the magnetic field induced surface-adsorbed oxygen, carbon atoms and
hydroxyl groups. Therefore, the charge of the latter defects is neutral-
ized.

This suggestion is confirmed by studying the O and C content in the
subsurface region of our samples, which is done using the X-ray spec-
troscopy technique. It is found that, in 14 days after the magnetic
treatment, the oxygen content is 1.4 times greater than that observed
before the application of the magnetic field. This fact implies that the
oxygen adsorption gradually increases with time. The carbon content
increases even more, exhibiting 5-times increase in 14 days after the
magnetic treatment. Meanwhile, in 65 days after the treatment, the O
and C content starts to decrease, finally showing the values observed
before the application of the magnetic field.

Therefore, the magnetic treatment of solar silicon causes a long-
lived evolution of the doping content in the subsurface region, which is
accompanied by modifying of the surface charge.
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