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It is experimentally established that efficiency of single-junction (SJ) single-crystal silicon solar cells
(Si-SC) with horizontal n*-p-p* diode structure can increase approximately in 1.1 time after their pro-
cessing at a room temperature during 7 days by perpendicularly oriented stationary magnetic field (SMF)
with induction 0,2 T. It can be explained by the reduction of recombination centers quantity in SJ Si-SC
base crystals, on what is indicates the increase of minority charge carriers lifetime in silicon under the in-
fluence of SMF. The possibility of the achieved positive effect subsequent stabilizing is shown due to at-
tachment to SJ Si-SC from the side of back electrode the thin layer of magnetic vinyl, creating in base crys-

tal magnetic field with induction no more than 0.05 T.
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1. INTRODUCTION

According to actual expert estimations no less than
12 % of world electric production power to 2020 must
be provided at the expense of photoelectroenergetics
[1]. At that more than the half of base semiconductor
materials for solar cells general volume goes on silicon
[2]. The stated circumstances attach the special actual-
ity to search the economically expedient techniques of
single-crystal silicon solar cells (Si-SC) efficiency (7)
increase. At the same time, currently exactly here the
crisis of «genre» begins to be perceptible, as far as the
possibilities of construction-technological solutions
economically acceptable improvement is practically
exhausted. Thus, for further progress in the solution of
the proper problem in essence new approaches are
needed.

The background for realization by us one of them
there was the research on a magnetomechanical effect
in single-crystal silicon [3], the results of which indi-
rectly indicates that the prolonged influence by sta-
tionary magnetic field (SMF) with induction B~ 0.2 T
on single-crystal silicon can result to reconstruction in
him the initial ensemble of point defects and their
complexes. As is known [4], the efficiency of single-
crystal Si-SC improves with the increase of minority
charge carriers (MCC) lifetime 7 in the silicon base
crystals (Si-BC), and z=N;~! (where N, — bulk concentra-
tion of point defects in Si-BC, which effects as recombi-
nation centers). Therefore we supposed, that if pro-
cessing of single-crystal Si-SC in SMF with B=0.2T
will be able to provide the reduction of N, and conse-
quently to increase 7, ipso facto at the expense of such
processing it will be succeeded to increase 7 of the ex-
amined objects.

Therefore one of the present work problems consist-
ed in experimental verification of the above formulated
idea. At the same time, it is known [3], that result of
SMF influence on single-crystal silicon relaxes after
termination of operation on him the magnetic field per
time, commensurable with duration of sample in SMF
preceding exposure. In connection with stated and
practical importance of stabilizing the supposed effect
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of single-crystal Si-SC efficiency increase the second
problem of work was the finding out the possibility of
saving the achieved result during long time.

2. OBJECTS AND METHODS OF
INVESTIGATION

In research was investigated the single-junction (SJ)
single-crystal Si-SC, which were the fragments of serial
Ukrainian such type devices with planar sizes
125 x 125 mm. The last had horizontal n*-p-p* diode
structure and were made from SHB-2 mark silicon,
grown by Czochralski method. The sizes of investigated
fragments planar surfaces were 40 x 40 mm, thickness
of them Si-BC was 200 pm. The view of serial device
from the side of frontal surface, of which the stated
fragments were cut out, and schematic image of his
vertical cross-section, presented on Fig. 1. Technology of
SJ Si-SC manufacturing is not adduced, because is the
object of Manufacturer's «know-how».

For processing of investigated SJ Si-SC in SMF was
using the device, consisting from two permanent mag-
nets with 70 mm diameter and thickness 15 mm, locat-
ed in the distance 20 mm from each other, between
which was practically homogeneous field with B=0.2 T,
measured by tesla meter EM4305. On Fig. 2 the distri-
bution of this field induction lines is schematically
shown both in area of investigated objects placing and
out of its limits, obtained by simulation using the Vi-
zimag 3.193 program [5] and results of the own experi-
mental measurements.

For the further stabilizing of the considered effect
was chosen the inexpensive industrially manufactured
plastomagnet — flexible magnetic vinyl [6,7] with
thickness about 1.5 mm. By means of direct measure-
ments using above mentioned tesla meter and method
of powder patterns [8] was carried out researches of
magnetic field, created by this material directly at his
working surface distribution features. On Fig. 3a is
shown a photograph of magnetic vinyl, using in present
research, with magnetic suspension applied on its work-
ing surface. In addition, in central part of vinyl working
surface was placed the rectangular fragment of FTA
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Fig. 1 - View of Ukrainian serial solar cell from the side of
frontal surface (a) and schematic image of his vertical cross-
section (b): 1 — back solid electrode; 2 — layer of p*-type con-
ductivity silicon; 3 — layer of p-type conductivity silicon; 4 —
layer of n*- type conductivity silicon; 5 — passivating layer
from silicon dioxide; 6 — antireflection coating, from silicon
nitride; 7 — front metallization

Sl
\! |

)

==
A

—

L

A

(

e | 4+ 1

| ]
F— —

L :)‘-._

7
o

Fig. 2 — Schematic image of SJ Si-SC treatment method in the
stationary magnetic field of two permanent magnets and
result of simulation by the Vizimag 3.193 program this field
distribution in area of investigated object placing, and also
after its limits: 1, 2 — permanent magnets; 3 — sample
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brand mica with thickness about 20 um, imitating a SJ
Si-SC presence, the surface of which also moistened by
magnetic suspension. The analysis of presented image
showed that magnetic vinyl created in external near-
surface space ribbon areas (wide light stripes on Fig. 3a,
separated by narrow dark boundaries from the accumu-
lations of magnetic powder) with differently directed
vertical component of magnetic field induction in the
centers of intervals between narrow dark boundaries.
The stated fact is schematically represented on Fig. 3b.
It is confirmed: 1) the results of magnetic field distribu-
tion simulation by the Vizimag 3.193 program, shown
on Fig. 3¢, and ii) proper measurements according to
which the vertical constituent of magnetic field induc-
tion in limits up to 1 mm above the vinyl working sur-
face on the average reaches 0,05 T, periodically chang-
ing its direction on opposite.
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After SJ Si-SC processing in SMF of permanent
magnets (Fig. 2) the investigated objects were placed by
back electrode on the working surface of such vinyl
(Fig. 3d). The result of magnetic field distribution in the
double-layer system magnetic vinyl (1)/SJ Si-SC (2)
simulation, obtained by using the Vizimag 3.193 pro-
gram, is shown on Fig. 3e.
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Fig. 3 — Distributing of the magnetic field, created by magnetic
vinyl: a — visualization by magneto-powder method (the details
of image discussed in a text); b — schematic image of magnetic
field induction direction in sections of vinyl which corresponds
to clear stripes on fragment a; ¢ — result of simulation by the
Vizimag 3.193 program; d — method of placing the magnetic
vinyl (1) relative to SJ Si-SC (2); e — result of simulation by the
Vizimag 3.193 program magnetic field distribution in the two-
layer system magnetic vinyl (1)/SJ Si-SC (2)

The determination of SJ Si-SC efficiency on all stag-
es of researches carried out according to standard tech-
nique at 25 °C and AM1.5 illumination regime [9]. The
basic constituents of this technique was measuring
illuminated current-voltage characteristic of SJ Si-SC
by compensation method and subsequent computer
processing of measurements results with using appro-
priate software. Measurements of effective electrons

lifetime rflf in p-type of conductivity Si-BC carried out
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by open circuit voltage decay after cutoff the square
pulse of radiation proceeding on sample photoreceiving
surface [4, 10]. Necessary at the measuring of illumi-
nated current-voltage characteristics continuous and at
measuring z'flf pulse illumination of SJ Si-SC was real-
ized by developed and earlier manufactured universal
light-emitting diode illuminator [11].

3. RESULTS AND DISCUSSION

Experimental determination of # and rflf was carried
out for SJ Si-SC in the original state, after processing in
SMF of permanent magnets during 7 days and after
their storage both with magnetic vinyl, applied on a back
surface, and without it. Values of n and r,if obtained in
the process presented in a Table 1.

As it obviously from a table, 7 of the investigated
objects decreases with the lapse of time after pro-
cessing in SMF of permanent magnets, however apply-
ing the magnetic vinyl on the back surface of SJ Si-SC
changes a situation to a considerable degree. After
storage of investigated objects on magnetic vinyl dur-
ing three weeks their 7 decrease insignificantly, from
11.8-12.5 to 11.5-12.2 %, in a difference from samples
without attached magnetic vinyl, for which 7 only for
the first 7 days decrease up to 9.2-10.5 %. Following
storage of SJ Si-SC in contact with magnetic vinyl in
the course of 9 days was quite not conducted a change
of 7, achieved after analo-gical three-week storage.
Thus, it is possible to conclude that application of mag-
netic vinyl allows to support initially increased by the
stationary magnetic field value of 7 within the limits of
11.5-12.2 %, that considerably exceeds the initial val-
ues of this parameter, which were 10.3-11.1 %.

The finding out increase of SJ Si-SC efficiency from
10.3-11.1 % up to 11.8-12.5 % after processing of these
devices in SMF with the subsequent stabilizing by mag-
netic vinyl at the level of 11.5-12.2 % well correlates with
MCC lifetime change in p-type of conductivity Si-BC of
Sd Si-SC from 34-40 ps up to 50-54 us with the subse-
quent stabilizing by magnetic vinyl at the level of 48-
52 us. It can be conditioned, for example, by following
processes in the Si-BC crystal structure. As is known
[12], Vsi-0s, 01-Si-04, Vsi-Si-Vsi complexes which presents
in single-crystal silicon are effective recombination cen-
ters, that results to the reduction of MCC lifetime. It is
shown in the mentioned work that under the action of
pressure and temperature the ensemble of stated com-
plexes is able to reconstruct in containing the SiO2 and
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SiOxVy complexes, being not recombination centers. Not
excluded, that similar transformations taking place and
in p- type of conductivity Si-BC of SJ Si-SC under the
influence of SMF at B=0.2 T, because in [3] a noticeable
accent is done on activating behavior of oxygen in silicon
by magnetic field.

It is experimentally established that 7 of single-
junction single-crystal silicon solar cells with a horizon-
tal n*-p-p* diode structure can increase approximately in
1.1 time after their processing at room temperature
during 7 days by the perpendicularly oriented stationary
magnetic field with induction 0.2 T. It is explained by
reduction of recombination centers quantity in such
devices base crystals, on that point out the increase
minority charge carriers lifetime in silicon under influ-
ence of stationary magnetic field. It is shown the possi-
bility of achieved positive effect subsequent stabilizing
due to attached to investigated type solar cells from the
side of back electrode the thin layer of magnetic vinyl,
creating in a base crystal the magnetic field with induc-
tion no more than 0.05T. Using of magnetic vinyl in
contact with investigated type devices enables economi-
cally advantageously applying in industrial scales the
finding out effect of their 7 increase under influence of
stationary magnetic field.

4. CONCLUSIONS

It has been experimentally established that the effi-
ciency of single crystal silicon one-junction solar cells
with horizontal n*-p-p* diode structure may increase
approximately in 1.1 time after their treatment at room
temperature during 7 days by perpendicularly oriented
stationary magnetic field with 0.2 T induction.

This can be explained by decreasing the quantity of
recombination centers in such devices base crystals, as it
indicates the increase of minority charge carriers life-
time in silicon under stationary magnetic field influence.

It has been shown the possibility of achieved positive
effect subsequent stabilization by attaching to investi-
gated type solar cells rear electrode thin layer of magnet-
ic vinyl, creating in base crystal magnetic field with
induction not more than 0.05 T.

Using of magnetic vinyl in contact with the investi-
gated type devices enables the possibility of cost-effective
using an industrial scales the observed effect of increas-
ing their efficiency under the influence of a stationary
magnetic field.

Table 1 — Efficiency () and effective electrons lifetime r,e,f in p-type of conductivity Si-BC before and after the processing

SJ Si-SCin SMF at B=0.2T

Parameters Original After processing in SMF
state Initial state After storage
B=0) B=0) B=0 In contact with magnetic vinyl (B=0.05T)
7 days 7 days 14 days 21 days 30 days
17, % 10.3-11.1 11.8-12.5 9.2-10.5 11.8-12.4 11.6-12.2 11.5-12.2 11.5-12.2
Tflf, us 34-40 50-56 25-33 50-54 48-52 48-52 48-52
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3acrocyBaHHs O0OPOOKHM B MArHiTHOMY ITOJIi JIJ1A HU3bKo3aTpaTHoro nigeumenus KK
KpeMHieBUX (hOTOEJIEKTPUIHUX 1€ PETBOPIOBAYIB

P.B. 3aiinen

Hauionanvruii mexuiunuii ynisepcumem «XapKi8CobKULl NOJILMEXHIYHUL IHCMUMYm»,
eya. Opynae, 21, 61002 Xapxis, Yipaina

Excnepnmenrtansao BeranosieHo, mo KK ogmonepeximaux (OIT) MoHOKpHCTAIIYHUX KpeMHIEBAX (O-
ToesieKTpuyHuX mepersopoBadis (Si-DOEII) i3 ropr3oHTaIbHOW JI0AHOW0 nt-p-p* CTPYKTYPOIO MOKE 3POCTATHA
mpubsu3no y 1,1 pasu micys ix 00poOKM Ipy KIMHATHIN TeMIlepaTypi Ha mpoTa3i 7 Ji0 mepueHanKyITPHO
opierToBaHuM crarioHapuuM Mar"iTauMm mosem (CMII) 3 imgyriiero 0,2 Ta. Ile mosicHIOETECA 3HUMKEHHAM
Jrciia pekoMOIHAIIMHUX 1eHTpiB y 6a3osux kpucrasax OIl Si-OEIl, Ha 1m0 Brasye 361IbIIIEHHSI YaCy HKUATTSI
HEOCHOBHUX HOCIIB 3apsiy y kpemaii mij srmeom CMII. ITokaszamo moskmBicTh HACTYIIHOI cTablmisaril fgo-
CATHYTOTO ITO3UTHBHOTO edeKTy 3a paxyHok mpucturyBaHHA 10 OIT Si-OEIT 3 Goky THIOBOTO €JIEKTPOIy
TOHKOTO IIapy MATHITHOTO BIHLIY, III0 CTBOPIOE y 0a30BOMY KPHCTaJIl MATHITHE IOJIe 3 IHIYKIIIE He OLIbIe
0,05 Tir.

KmiouoBi cimoa: MoHoOKpHCTATIYHUN KpeMHIEBUM (POTOEJEKTPUYHMA IIepeTBopoBad, MarditHe moJe,
Maruitauii Bifi.

IIpumenenune o6paboTKH B MArHUTHOM II0JI€ IS HU3K0o3aTpaTHoro nopeimenus KIIJ|
KPEMHHEBBIX (DOTOIIEKTPUYIECKUX Mpeodpa3oBarejein

P.B. 3aiines

Hauyuonanvnvili mexnuueckutl ynusepcumem «XapbKo8CK UL NOJUMEXHUYECKUT UHCMUMY M,
ya1. Opyuse, 21, 61002 Xapvros, Yrpauna

OxcmepuMenTabHO yerarosiaeHo, uto KIIJ ommomepexomusix (OII) MOHOKpHCTALINYECKUX KpPEeMHHAE-
BBHIX (poToasrekTpuUeckux mpeobpasosatesei (Si-O3II) ¢ ropr3oHTAIBHON OUOLHON n*-p-p* CTPYKTYPOR MO-
JKeT Bo3pacTaTh IpuMepHO B 1,1 pasa mociie ux 00paboTKM IIpy KOMHATHOM TeMIIepaType B TeUeHHe 7 CYTOK
HePIeHIUKYIAPHO OPHEHTUPOBAHHBIM CTAIMOHAPHBEIM MarHuTHBIM moJieM (CMII) ¢ uaaykmueit 0,2 Tia. 3o
00BSICHSIETCS CHUKEHUEM UYMCJIa PEKOMOMHAIIMOHHEIX IIeHTPOB B 6a30BbIx kpuctasuiax OIT Si-OOII, sa uro
YKa3bIBaeT yBeJIMYEeHNE BPEMEHU KN3HU HEOCHOBHBIX HOCUTeJIeH 3apdaa B KPEMHUU I10[] BIIUAHUEM CMH
Tlorazana BO3MOYKHOCTH IIOCJIEIYIONIEH CTAOMIM3AIAN JOCTUTHYTOTO IIOJIOMKHUTEIFHOTO adperTa 3a cuer
mpucTeiKOBEX K OIT Si-OOII co cTOPOHBI THIIBHOTO 3JIEKTPOJIA TOHKOTO CJIOST MArHUTHOTO BUHUJIA, CO3IAI0-
mero B 6a30BOM KpHCTaJIJIe MATHUTHOE TI0JIe ¢ MHayKImei He 6osee 0,05 Tor.

Knrouessie ciioBa: MoHOKpHCTAIINYIECKNA KPEMHHUEBHIN (POTOAIEKTPUYECKUI IIpeobpasoBaress, Maruur-
Hoe 110J1e, MarHuTHBIN BUHUII.
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