Functional Materials 17, No.4 (2010)
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It is established in experiment that efficiency of unijunction (UJ) single-crystal silicon
solar cells (Si-SC) with horizontal n*-p-p* diode structure may increase by a factor of
approximately 1.1 after their holding at room temperature during 7 days in perpendicu-
larly oriented stationary magnetic field with 0.2 T induction. The subsequent stabilizing
of the obtained positive effect is shown to be realizable by attachment of a thin magnetic
vinyl layer (creating in the UdJ Si-SC base crystal a magnetic field with induction not
exceeding 0.05 T) to the UJ Si-SC at the back electrode side.

IKcrnepuMeHTaNIbHO ycTanoBieHo, uTo KIII ommomepexomubix (OIl) moHOKpHCTaMIMUec-
KUX KPEeMHHUEBBLIX (oTodseKTpudecKux npeobpasosareneil (Si-@III) ¢ ropusoHTAILHON AUOK-
ot nt-p-p* cTpyKTYpO#l MOser Bospacrars nmpuMepHO B 1,1 pasa mocie MX BBIZEPKUBAHUA
mpy KOMHATHOM TeMIleparype B TeueHHe 7 CYTOK B IEPIEeHINUKYJIAPHO OPHUEHTHPOBAHHOM
CTAI[MOHAPHOM MArsuTHOM Ioje ¢ muaykumei 0,2 Tia. ITokasaHa BO3MOMKHOCTL IIOCJIELYIO-
meil crabuamsanuu JOCTUIHYTOIO IIOJOMKUTEJbLHOro sddexra 3a cuer npucTbikoBKu K OII
Si-®OII co cTOPOHBI THIIBHOTO JJIEKTPOJA TOHKOTO CJIOf MATHUTHOI'O BUHWJIA, CO3JAIOIIETO B
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0a30BOM KpHCTaJJe MarHUTHOEe IoJje ¢ MHAyKIueit He 6omee 0,05 Tu.

1. Introduction

Silicon consists at present a considerable
part of total amount of base semiconductor
materials for the solar cells (SC) [1, 2].
Therefore, actual is a search for ways to
increased efficiency m of single-crystal sili-
con solar cells (Si-SC). In this connection,
we were attracted by a recently published
work on a magnetomechanical effect in Si
single-crystal [3], the results of which indi-
cate indirectly that a prolonged influence of
a stationary magnetic field (SMF) with in-
duction B~ 0.2 T on a Si single crystal can
result in reconstruction of the initial en-
semble of point defects and their complexes
therein. It is known [4] that the efficiency
of single-crystal Si-SC rises with the in-
crease of minority charge carriers (MCC)
lifetime T in the silicon base crystals (Si-
BC), while t~ N,”l (where N, is the bulk
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concentration of point defects in Si-BC,
which effect as recombination centers).
Therefore, we have supposed that since a
holding of a single-crystal Si-SC in SMF
with B=0.2 T will be able to provide a
reduction of N, and thus increase of 1, then
such a conditioning will provide an in-
creased M of the objects under study. Thus,
the first work tasks consisted in experimen-
tal verification of the above formulated
idea. At the same time, it is known [3] that
after the magnetic field influence is
stopped, the result of its influence on a
single-crystal silicon becomes relaxed in a
time commensurable with duration of pre-
ceding exposure of the sample to SMF. In
connection with the above and with practi-
cal importance of stabilizing the supposed
effect of single-crystal Si-SC efficiency in-
crease, the second task of this work was to
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Fig. 1. General view of industrial solar cell
from which the studied fragments were cut
out (a) and schematic image of its wvertical
cross-section (b): I, back solid electrode; 2, Si
layer of p*-type conductivity; 3, Si layer of
p-type conductivity; 4, Si layer of n'-type
conductivity; 5 — passivating SiO, layer; 6,
antireflection Si;N, coating; 7, front metalli-
zation.

b)

find out a possibility to save the attained
result during long time.

2. Experimental

We investigated unijunction (UJ) single-
crystal Si-SC being the fragments of indus-
trial similar type devices of 125x125 mm?2
co-planar size. The latter had horizontal
nT-p-pT diode structure and were made from
KDB-2 grade silicon grown by Czochralski
method. The fragments under study have
20x20 mm?2 co-planar surfaces and Si-BC
thereof was 200 um thick. The general view
of industrial device from which the above-
mentioned fragments were cut out and sche-
matic image of the device are presented in
Fig. 1. To condition the investigated UJ
Si-SC in SMF, two 15 mm thick permanent
magnets of 60 mm in diameter were used
spaced at the distance of 20 mm, between
which there was a practically homogeneous
magnetic field with B = 0.2 T, measured by
using a EM4305 teslameter. To stabilize the
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Fig. 2. Distribution of magnetic field gener-
ated by magnetic vinyl: a, visualization by
magneto-powder method (image details are
discussed in text); b, schematic image of
magnetic field induction directions in sec-
tions of wvinyl which corresponds to light
stripes on fragment a; c, result of simulation
by the Vizimag 3.193; d, placing manner of
the magnetic vinyl (1) relative to UJ Si-SC
(2); e, result of simulation of magnetic field
distribution in two-layer system magnetic
vinyl (1)/UJ Si-SC (2) by the Vizimag 3.193.

considered effect, the plastomagnet —
about 1.5 mm thick flexible magnetic vinyl
[6] was chosen. The peculiarities of mag-
netic field distribution created by this mate-
rial immediately at its working surface were
investigated by means of direct measure-
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Table. Efficiency n and effective electron lifetime n;’lf in Si-BC of p-type conductivity prior to and
after the UJ Si-SC conditioning in SMF at B = 0.2 T

After processing in SMF
Parameters Ols‘ililsry Initial After storage
(B=0) (sé::i;ceo) B=0 In contact with magnetic vinyl (B = 0.05 T)
7 days 7 days 14 days 21 days 30 days
n, % 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
T;f, s 34-40 50-56 25-33 50-54 48-52 48-52 48-52

ments using the above-mentioned teslameter
and method of powder patterns [6]. The
image of magnetic vinyl used in this work
with magnetic suspension applied on its
working surface is shown in Fig. 2a. Mag-
netic vinyl creates in external near-surface
space striate areas (wide light stripes in
Fig. 2a, separated by narrow dark bounda-
ries formed by the magnetic powder accu-
mulations) with differently directed vertical
component of magnetic field induction in
the centers of intervals between the narrow
dark boundaries. This fact is schematically
presented in Fig. 2b. It is confirmed by (i)
the results of vinyl magnetic field distribu-
tion simulation using Vizimag 3.193 soft-
ware [7], shown in Fig. 2c¢, and (ii) corre-
sponding measurements according to which
the vertical constituent of magnetic field
induction within 1 mm above the vinyl
working surface reaches on the average
0.05 T. After UJ Si-SC holding in SMF of
permanent magnets, the investigated objects
were placed on the working surface of such
vinyl with back electrode turned to the sur-
face (Fig. 2d). The result of simulation of
magnetic field distribution in the double-
layer system magnetic vinyl (1)/UJ Si-SC
(2) obtained using the Vizimag 38.193 soft-
ware is shown in Fig. 2e.

The UJ Si-SC efficiency was determined
according to standard technique at 25°C and
AM1.5 illumination regime [8]. The effec-

tive electron lifetime T‘;Lf in p-type conduc-

tivity Si-BC was measured by the method of
open circuit voltage decay after cutoff of
the square light pulse illuminating the pho-
toreceiving UJ Si-SC surface [4, 9]. The
continuous illumination necessary at the
measuring of UJ Si-SC light current-voltage
characteristics, and pulse one required to
measure T‘;Lf were realized using an universal

light-emitting diode illuminator [10] devel-
oped and manufactured before.
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3. Results and discussions

The values of m and ‘cff were measured

for UJ Si-SC in the ordinary state, after
conditioning in SMF of permanent magnets
during 7 days and after their storage both
with and without magnetic vinyl applied on
the back surface. The results obtained are
presented in the Table. The efficiency of the
studied objects decreases in time after con-
ditioning in SMF of permanent magnets,
however, the magnetic vinyl applied to the
back surface of UJ Si-SC changes the situ-
ation to a considerable degree. After storage
of the studied objects in contact with mag-
netic vinyl during three weeks, the effi-
ciency decreases insignificantly (from 11.8-
12.5 % to 11.5-12.2 %), in contrast to the
samples without attached magnetic vinyl,
where the efficiency decreased down to 9.2—
10.5 % during the first 7 days only. The
subsequent storage of UJ Si-SC in contact
with magnetic vinyl during additional
9 days did not accompanied by any change
of efficiency attained after similar three-
week storage. Thus, it is possible to con-
clude that application of magnetic vinyl al-
lows to support the m value of increased
initially in the stationary magnetic field
within limits of 11.5-12.2 %, that exceeds
considerably the initial values of this pa-
rameter amounting 10.3-11.1 %.

The revealed increase of UJ Si-SC effi-
ciency from 10.3-11.1 % wup to 11.8-
12.5 % after conditioning of the devices in
SMF with the subsequent stabilizing by
magnetic vinyl at the level of 11.5-12.2 %
correlates well with MCC lifetime change in
p-type conductivity Si-BC of UJ Si-SC from
34-40 ps to 50-54 ps with the subsequent
stabilizing by magnetic vinyl at the level of
48-52 ps. This can be due, for example, to
the processes in the Si-BC crystal structure
mentioned below. The Vg-0;, O-Si-O;, Vgi—
Si—Vg; complexes present in Si single crystal
are effective recombination centers, that re-
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sults in a reduction of MCC lifetime. Under
the action of pressure and temperature, the
ensemble of such complexes is able to recon-
struct itself in that containing SiO, and Si-
OXVy inclusions being not recombination
centers. It is not impossible that similar
transformations take place and in p-type
conductivity Si-BC of UJ Si-SC under the
influence of SMF at B = 0.2 T, because in
[3] the activation of oxygen in silicon by
magnetic field is stressed noticeably.

4. Conclusions

It is established in experiment that effi-
ciency of unijunction single-crystal silicon
solar cells with horizontal n'-p-p* diode
structure may increase approximately by a
factor of 1.1 after the Si-SC conditioning at
room temperature during 7 days in the per-
pendicularly oriented stationary magnetic
field with induction 0.2 T. The subsequent
stabilization possibility of the attained posi-
tive effect is shown resulting from attach-
ment of a thin magnetic vinyl layer generat-
ing in the base crystal a magnetic field with
induction no more than 0.05 T to the solar
cells of the studied type from the side of
back electrode.
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ITinpumenaa KK/ MOHOKpHCTAXIYHMX KpPEeMHi€eBHMX
¢doToneperBopOBaYiB Yy Mar"HiTHOMY IOJi

P.B.3aiiyes, B.P.Konaxw, M.B.Kipiuenrxo,
€.0.JIyx’anoe, I'.C.X punynos, B.M.Camoganos

Excunepumenranbuo BcranosiaeHo, mo KK]Il ommonepeximumx (OII) monoKpucramiunmx

KpeMHieBUX (DOTOeNeKTPHUUHUX IeperBopioBauis (Si-@EII) 3 ropusoHTaIbHOIO IiogHOIO n'-p-p

+

CTPYKTYPOIO MOKe 3pocratu nmpubamsuo y 1,1 pasu micas Ix BUTPUMYBaHHS IPU KiMHATHIN
TemMiepaTypi mporsarom 7 mi0 y HIEPIEeHAHUKYJIAPHO OPi€HTOBAHOMY CTAI[IOHAPHOMY MAarHiTHO-
my moii 3 impykmiero 0,2 Ta. IToxasamo MoKJIMBiCTH, HAcTymHOI crabinisarmii mocsarmyroro
IMOBUTUBHOTO e(PeKTy 3a paXyHOK mpucTtukyBaHHA q0 OIl Si-DEII 3 GOKy THJIOBOTO €JIeKTpPO-
Iy TOHKOTO IIIapy MarHiTHOro BiHiNy, AKHUI CTBOPIOE y 0a30BOMY KPUCTAJiI MarxHiTHe moJie 3

ingykiriero me 6inmbmre 0,05 Ti.
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