The Relationship of Silicon Dihydride Sites to the Metastable Defects in a-Si:H
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We use proton nuclear magnetic resonance to probe stable silicon dihydride existing in high defect density hydrogenated *Dept. of Physics, Colorado School Of Mines, Golden, Colorado We have fitted the experimental Pake doublet for stable SiH, with line shape simulations whose fitting parameters
amorphous silicon. The silicon dihydride line shape exhibits the well-known “Pake” doublet form resulting from a dipole » United Solar Ovonics Corp, Troy, Michigan reflect the possible local environments and variation in the hydrogen-hydrogen separation. It is found that that an accurate fit is
interaction between two protons. We simulate the line shape using the relevant Hamiltonian and broadening effects known to oceur obtainable when the hydrogen-hydrogen separation in SiH, is 1.8 A. Isotropic broadening due to neighboring atoms and
in this amorphous system. The sets of simulation parameters that reproduce the experimental data render an approximate variations in the separation distance allow for satisfactory fit, but cannot be uniquely determined from the NMR spectra alone.
realization of the hydrogen’s local bonding environment (. e. hydrogen-hydrogen separation, nearest neighbor distances). A Supported By: - NREL under contract XXL-5-44205-09 The significant deviation from the previous result of 2.3 + 0.2 A suggests that the metastable site may not be SiH,.
unique parameter set cannot be determined from the magnetic resonance data alone. However, it s possible o extract the upper and However, it is difficult to rule out SiH, since a detailed line shape for the metastable site in device-grade material has not been
lower limits by considering the extreme cases for known hydrogen bonding cnvironments—the true parameter set being, NSF under grant # DMR-0307594. possible to date.
somewhere in between these values.

Of particular importance s the hydrogen-hydrogen separation since the dihydride site is a possible candidate for the
metastable defect mediating the Stacbler-Wronski effect. We compare our results with a previous study that links a metastable
paired hydrogen site to the effect.

The study of a-Si:H is driven Hydrogen’s Role in the SWE Bonding Environments
primarily by two factors: In the case where modulations to the local field exist, due to nearby hydrogen nuclei, the pure Pake doublet is

Recent proton ('H) nuclear magnetic resonance (NMR) experiments have linked a specific metastable, “paired” broadened by an amount related to the proximity and number of surrounding nuclei. This “isotropic” broadening effect,

hydrogen site, in which the hydrogen pair is separated by 2.3+ 0.2 A, to the SWE [3]. The observed NMR signal can which is Gaussian for clustered arrays, can be taken as a fitting parameter in simulations.
be created via light soaking and annealed in accordance with the metastable defect thought to produce the SWE. )
: : : . : Silicon dihydride (SiH,) is a possible candidate for this site since calculations using the conventional tetrahedral silicon  Broadening of the pure Pake doublet may also result from a distribution of proton-proton separations. The
Technologlcal Apphcatl ons Basic Science structure give 2.4 A as the hydrogen separation [4]. Observation of the SiH, NMR line shape allows for a an indirect distribution can also be taken as a fitting parameter whereby the resulting broadened spectrum is a summation of Pake

evaluation of the hydrogen-hydrogen separation that can be compared to the previous study. doublets
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Simulation I: Clustered (SiH,), Sites
Silicon Dlhydl’lde B Olldlllg Itis well known that some SiH sites form in small groups, or clusters. The participating hydrogen atoms

(SiH ) in High Defect Density S H: NMR Evidence experience a net local field that is different from site to site depending on the neighbor’s proximity. The line shape
2/n broadening due to this clustering is well modeled by convoluting the frequency space spectra with a Gaussian whose
full width at half maximum, oy, is related to the cluster geometry.

a-Si:H s the prototypical system for studying the

The optical and electronic properties effects of disorder. The degree of disorder, or departure from SiH, + H, H,only r=18A Oy = 12,5 kHz
make a-SizH a useful material for photovoltaic the tetrahedral crystalline form, where the electronic and
devices. Compared to the cells made from the

- ' optical properties can be readily calculated, can be tailored —
erystalline counterpart, uniform, monolithic a- using growth techniques. Therefore, a-Si:H is a proving I
SizH thin film solar cells can be produced ‘ground for theoretical and computational models of I
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Triplejunction . . Simulation I1: Isolated (SiH,), Sites
< Hydrogen-Hydrogen Separation From Line (SiHy),
E L ]
2 M Shape Analysis By assuming the sites are isolated from other hydrogen atoms, the broadening mechanism must result almost
£ 5 Singejunction L entirely from the distribution in 7. We assume a Gaussian distribution with mean separation, , = 7.8 A and full width
2 The (SiH,) line shape exhibits a well-known form resulting from a dipole interaction half max parameter Gpyyy, = 0.54 A. The resulting spectrum is the superposition of weighted Pake doublets. As a
s between the two hydrogen protons. An analytic expression of the intensity of this so-called “Pake doublet™ ,efe,cm the weighted spectra for 2.03, and 1.53 A are drawn below.
line shape can be expressed in terms of the coupling strength, and hence the hydrogen-hydrogen is well known that the line shape due to the most isolated SiH suffers a ~ 1 KHz isotropic broadening due
separation, 7. It is therefore possible to extract by fitting simulated line shapes to the experimental data. nclghbonnq protons. Therefore we include a 1 kHz ing along with the
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The a-Si:H system suffers from the Stacbler-Wronski Effect (SWE) which is metastable asr P 0 A o R

degradation in the energy conversion efficiency after long illumination times. The figure e
demonstrates the SWE for a single and triple junction a-SizH solar cell, made at United Solar
Systems Corp, for increasing exposure to sunlight [1,2]. A full understanding of the SWE has
remained elusive for nearly thirty years.
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