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    Abstract

        
            Die and container material development efforts under the current program are shared among three organizations. Miami Research Laboratories (MRL)--ceramic process development and overall program management, University of Missouri--Rolla (UMR)--silicon sessile drop studies with characterization of reaction products and emphasis on atmospheric effects, Chemetal Corporation, Pacoima, California--special coatings to be applied to test coupons, die shapes and containers provided by MRL and tested/characterized by UMR. Initial sessile drop experiments on SiC, Si/sub 3/N/sub 4/ and AlN have been conducted. Very promising results have been achieved on both SiC and Si/sub 3/N/sub 4/ where minimal penetration of these (Controlled Nucleation by Thermochemical Decomposition) CNTD coatings by molten silicon was observed. Efforts continued in the following areas. At MRL, a set of AlN and another set of Si/sub 3/N/sub 4/ substrates have been hot pressed. Hot pressing experiments have begun on crucible shapes. Characterization efforts have also begun on coatings and substrates. Chemetal delivered AlN coated substrates and began development efforts to produce Si-O-N coatings as predecessor to Si-O-Al-N coatings. UMR has succeeded in measuring the lowest oxygen partial pressures measured, to the knowledge of the investigators, with a solid electrolyte cell on a dynamic flowing gas buffer system. This was achieved withmore » a yttria doped thoria oxygen sensor cell. Even lower pressures beyond this measurement capability have been achieved.« less
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                    Study program to develop and evaluate die and container materials. Second quarterly report, January--March 1978. [For liquid silicon]

                    
                        Technical Report
                            Stiglich, Jr, J
                            

                    The goals of the present program are to develop successful die and container materials for handling liquid silicon while it is being formed into photovoltaic cell material. These goals will hopefully be accomplished by exploring various materials configurations for their reactivity with molten silicon. The combination of unique coating structures combined with control of oxygen partial pressures may yield some previously unsuspected set of conditions which are useful for cost effective die growth or containing silicon melts. Successful experimental configurations will be scaled up into prototype dies and containers as appropriate during the third and fourth quarters of calendar 1978.more » Economics for large scale production of such prototypes will be defined as part of the program. Die and container material development efforts under the current program are shared among three organizations. Miami Research Laboratories (MRL)--Ceramic process development and overall program management, University of Missouri-Rolla (UMR) (Prof. P.D. Ownby)--silicon sessile drop studies with characterization of reaction products and emphasis on atmospheric effects, Chemetal Corp., Pacoima, Calif. (R. Holzl, president)--special coatings to be applied to test coupons, die shapes and containers provided by MRL and tested/characterized by UMR. MRL has hot pressed three different substrate materials for coating at Chemetal Corp. Chemetal has coated these substrates, and they in turn have been furnished to UMR for sessile drop experiments. UMR has completed assembly of its sessile drop apparatus and has begun sessile drop experiments in order to establish proper techniques and to check out operation of the assembly. Initial experiments were done with Al/sub 2/O/sub 3/ and SiO/sub 2/ substrates, but SiC coated substrates were begun near the end of March.« less
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                    Study program to develop and evaluate die and container materials for the growth of silicon ribbons. Quarterly report No. 5

                    
                        Technical Report
                            Ownby, P; Yu, B; Barsoum, M
                            

                    Die and container material development efforts under the current program are shared among three organizations: Miami Research Laboratories (MRL) - ceramic process development and overall program management; University of missouri-Rolla (UMR) - silicon sessile drop studies with characterization of reaction products and emphasis on atmospheric effects; and Chemetal Corporation, Pacoima, California - special coatings to be applied to test coupons, die shapes, and containers provided by MRL and tested/characterized by UMR. The completion of a major hardware delivery milestone was accomplished with the delivery of three CNTD Si/sub 3/N/sub 4/ coated hot pressed Si/sub 3/N/sub 4/ crucibles to JPL. Amore » limited characterization of the coating was performed at MRL prior to delivery. The coatings were fine grained ..cap alpha.. - Si/sub 3/N/sub 4/. It has been determined that a two piece die design will be required. At UMR the importance of the role of oxygen in influencing the attack of the CNTD materials by molten silicon has been demonstrated. The stability is greatly enhanced by maintaining the oxygen partial pressure near or below the Si + O/sub 2/ = SiO/sub 2/ equilibrium.« less
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                    Effects of varying oxygen partial pressre on molten silicon: ceramic substrate interactions, final report

                    
                        Technical Report
                            Ownby, P; Romero, H; Barsoum, M
                            

                    The objective of the contract is to investigate the interaction of molten silicon with various die and container candidate materials under varying oxygen partial pressures. This has been done by making silicon sessile drop contact angle measurements on the candidate materials to determine the degree to which silicon wets these substances, and subsequently sectioning the post-sessile drop experiment samples and taking photomicrographs of the silicon-substrate interface to observe the degree of surface dissolution and degradation. Several different materials supplied by JPL have been investigated in this manner, i.e., hot pressed silicon nitride (from both Kawecki Berylco, Inc. (KBI) and AVCO),more » CNTD silicon nitride coated on hot pressed silicon nitride (Chemetal-Eagle Picher), CVD silicon carbide coated on graphite (Ultracarbon), and ..cap omega.. Sialon (Battelle). Results are described. The oxygen concentrations in the EFG silicon ribbon furnace at Mobil Tyco Solar Energy Corp., Waltham, Massachusetts, and in the JPL silicon sessile drop furnace at Pasadena, California, were measured using the portable thoria-yttria solid solution electrolyte oxygen sensor constructed at UMR for this purpose. Oxygen partial pressures of 10/sup -7/ and 10/sup -8/ atm. were obtained for the Mobil Tyco and JPL facilities, respectively.« less
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                    Silicon sheet growth by the inverted Stepanov technique. Quarterly report No. 4

                    
                        Technical Report
                            Berkman, S.; Cullen, G.; Duffy, M.; ... 
                            

                    Chemically vapor deposited silicon nitride and silicon oxynitride (CVD-Si/sub 3/N/sub 4/ and CVD-SiO/sub x/N/sub y/, respectively) are being evaluated as the contact material for molten silicon in the ribbon growth configuration. Thin films of the contact material are deposited on substrates such as boron nitride (BN) and hot-pressed and reaction-sintered silicon nitride (RS-Si/sub 3/N/sub 4/). Preliminary evaluation of the reactivity of molten silicon with the CVD-Si/sub 3/N/sub 4/ and CVD-SiO/sub x/N/sub y/ indicates that these materials are considerably more resistant to reaction with and/or dissolution in silicon than other materials examined to date. The SiO/sub x/N/sub y/ appears to bemore » more stable in contact with the molten silicon than the Si/sub 3/N/sub 4/. Of the various substrates examined, RS-Si/sub 3/N/sub 4/ is the most favored. There is a problem, however, in obtaining high-purity, reaction-sintered Si/sub 3/N/sub 4/. Reaction-sintered Si/sub 3/N/sub 4/ and BN die materials used for the growth of silicon ribbon were coated with CVD-Si/sub 3/N/sub 4/. Various graphite substrates were coated with CVD-Si/sub 3/N/sub 4/ and CVD-SiO/sub x/N/sub y/ and used in silicon sessile drop experiments to determine compatibility in thermal expansion properties between film and substrate. Among six graphite grades (from Ultra Carbon Corporation), substrates designated UT-8 were most compatible with both types of CVD coatings in the sessile drop tests. Ribbon growth runs have been carried out using dies coated with the CVD-Si/sub 3/N/sub 4/. Stable growth of narrow ribbons has been achieved. The grown ribbons are typically 0.05 to 0.06 cm thick, 0.3 to 0.5 cm wide.« less
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                    Development and evaluation of die materials for use in the growth of silicon ribbons by the inverted ribbon growth process: Task II. LSSA Project. Quarterly report No. 1

                    
                        Technical Report
                            Duffy, M; Berkman, S; Cullen, G; ... 
                            

                    Silicon sessile drop experiments were performed on a variety of commercially available refractory carbides, nitrides, oxides, and borides to examine the potential of these materials for applications involving either direct contact with molten silicon or as substrates for CVD coatings in the fabrication of dies and crucibles for containing molten silicon. Simultaneous experiments were also conducted with CVD layers of SiC, Si/sub 3/N/sub 4/, and SiO/sub x/N/sub y/. The latter two materials proved superior for purposes of contact with the silicon melt in relation to chemical reactivity and reduced impurity content. Silicon nitride layers, deposited with NH/sub 3/ : SiH/submore » 4/ ratios ranging from 100 : 1 down to 5 : 1, were examined in sessile drop experiments to determine if the layers are degraded as a result of using lower reagent ratios. The cost of ammonia (5 nines purity) at the higher ratios represents the major cost in the production of these layers, and a reduction in the above ratio could result in a substantial reduction in cost. Preliminary experiments were undertaken on the stability of CVD Si/sub 3/N/sub 4/ near the melting point of silicon. From our initial experiments it appears that the rate of decomposition is less than 100 A/h just below the melting point of silicon. Silicon ribbon segments were grown from vitreous carbon dies which had been coated with CVD Si/sub 3/N/sub 4/. Depending upon the purity of the die materials, ribbon resistivity values up to 40 ..cap omega..-cm were obtained.« less
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