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ABSTRACT

INTRODUCTION WATER VAPOR PASSIVATION - NEW APPROACH

Structural Defects in 5“|ar Grade Pnlv-Si Water Vapour Passivation of a Thin Silicon Film on Glass F|g 4 Steamer with a thin silicon film
° :0-/-0/:0H gn glass during a passivation.
@ H:0

Temperature: 270° C - 350" C,
pressure: 10°Pa — 13 x 10° Pa, duration:

| e
Free dangling bonds of — Si=-H i 1h-3h[7,8,9]

Si at grain boundaries | | | WVP — no special gas or vacuum system
Impurities PLASMA OXIDATION IS heeded.

Pressure chamber

Reduction of negative —Fii—ﬂ WHY WVP? To decrease manufacturing

effects caused by defects e > costs — to be competitive.
WATER VAPOUR | | | o o s

] PASSIVATION F,0 vapor heat treatment at 260°C Fig. 5.: Electrical conductivity of 2 x 10 cm

0 o phosphorus-doped silicon films as a
subsequent H,0 vapor function of duration of hydrogen plasma
treatment at room temperature for samples
as-hydrogen-plasma-treated and with
subsequent 4.7 x 10° Pa H,O vapor
passivation at 150° C for 6 h. The electrical
conductivity was also presented for the case

120 150 of heat treatment with 1.3 x 10° Pa H,O vapor

g P e N i1 at 260° C for 3 h alone [10].

"Decoration" of grain PLASMA
boundaries by impurities HYDROGENATION Thin silicon film
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Impurities and structural defects like grain boundaries have adverse impacts on —Si—0O /-OH
solar cell parameters - they decrease a lifetime of free charge carriers (e- and p+)[1]. |
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TRADITIONAL PASSIVATION TECHNOLOGIES
HYDROGEN AND OXYGEN PLASMA TREATMENTS
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Plasma hydrogenation / @ Backeroundgas  During these procedures, atomic H/ O is

idation of a poly-Si substrate @ Hz/O: : : . :
oricetoners Py T onizzdr/o  bonding to dangling bonds of silicon at grain

L o solysi boundaries, reduce its activity and also
activity of other defects. They are suitable
for, e.g. thin film transistors (TFTs) and solar
grade silicon. Oxygen plasma treatment is
also suitable for improvement of poly-Si/SiOx
iInterface in TFTs. Four probe
Temperature: 200°C — 350°C, pressure: 0.016 measuring it
Pa — 200 Pa, power: 150 W — 900 W, duration: — Heater
Electrode with poly-Si substrate 10s -6 h [2’ 3, 4]

Electrode

R —— —_ Pressure chamber
= HzOT r Tl" ;

Fig. 1.: Hydrogen / oxygen plasma passivation. Fig. 6.: Apparatus for optimization of
_ _ _ _ . water vapor passivation of a thin film
Reduction of defect density, decrease of potential energy height at grain silicon solar cell on glass.

boundaries — increase of Hall mobility and electrical conductivity. Well-known

technique, already implemented to manufacture, passivation of bulk materials. The following conditions is going to be tested: sample’'s temperature: 25° C —
300° C, temperature of water vapour: 25° C —200° C, pressure: 5x102 Pa — 10° Pa.

Q Introduction of a high amount of hydrogen which forms H, in a silicon lattice — In the center of my interest. Surface and bulk recombination, structural changes,

a tensile stress. Equipment — expensive vacuum system, H, or O,, high voltage, potential energy height at grain boundaries, parameters — Ugc, Isc, MPP, Rgs, Rgy,
heating of a sample, etc. FF, efficiency — measuring systems at the Institute of Physics in Prague, PASAN

o 18 ——. flash system and an unlighted diagnostic system available at FEE at CTU in Prague.
(a) - No treatment —— m{-——ﬁ——ﬂﬁcrdarl-l-z:
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e After plasma f__L_[é)l/
CONCLUSION

d 1,0 vapor ' f , Basic description of hydrogen and oxygen plasma treatments is proposed. New
_ non-plasma passivation approach to improvement of thin film silicon solar cell
e parameters is presented as a potentially cheaper alternative and short overview

of my next research is given.
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Oxygen plamsma

Density of defect states (cm2eV-!

Oxygen plamsma + H,O vapor
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Fig. 2.: Density of acceptor-type Fig. 3.: Hydrogen molecules peak defect
J y P yP 'd y J N P References:

states Of UndOped pOIy_SI befOre and after hydrOgenatiOn [6] - [1] N. H. Nickel, N. M. Johnson, W. B. Jackson, Appl. Phys. Lett. 62 (1993) 25.

film with the thickness 25 nm [5] _ [2] H. Boldyryeva, S. Honda, A. Mackova, T. Mates, A. Fejfar, J. Kocka, Surf. Interface Anal. 38 (2006) 819.
[3] S. Honda, T. Mates, M. Ledinsky, A. Fejfar, J. Kocka et al., Solar Energy 80 (2006) 653.

[4] B. Gorka, B. Rau, K.Y. Lee, P. Dogan, F. Fenske, E. Conrad, S.Gall, B. Rech, 22nd European Photovoltaic Solar Energy Conference, Italy (2007).
[5] H. Watakabe, T. Sameshima,, Appl. Phys. A 77 (2003) 141.
Acknowl edgement: [6] S. Honda, A. Fejfar, J. Kocka, A. Ogane, T. Yamazaki, Y. Uraoka et al., Journal of Non-Crystalline Solids 352 (2006) 955.

] .. : - T [7] T. Sameshima, H. Hayasaka, T.Haba, Japanese Journal of Applied Physics 48 (2009) 021204.
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic through Institutional Research Plan [8] H. Watakabe, Y. Tsunoda, N, Andoh, T. Sameshima, Journal of Non-Crystalline Solids 209-302 (2002) 1321.

AV0Z 10100521 and by the European Commission through the PolySiMode project, FP7-Energy-2009-1 Grant Agreement No. [9] T. Sameshima, K. Sakamoto, K. Asada, M. Kondo, A. Matsuda, S. Higashi, Solar Energy Materials & Solar Cells 65 (2001) 577.
240826. [10] T. Sameshima et al., Japanese Journal of Applied Physics 49 (2010) 03CAO02.




