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	ABSTRACT
	The aluminum-induced crystallization and layer exchange process shows great promise for converting a-Si into large-grained poly-Si for solar cell applications. To investigate the relationship between the grain size of Al and the final grain size of p...
	INTRODUCTION
	Thin films of polycrystalline silicon (poly-Si) are a promising candidate for solar cell applications because of a combination of advantages. Like amorphous-silicon (a-Si) thin films, poly-Si can be deposited onto a foreign substrate (e.g. glass) whi...
	For the MIC growth process, a metal film is deposited in direct contact with the a-Si layer and then the two films are annealed resulting in poly-Si formation. The advantage that the MIC process has over other growth processes is that certain metals ...
	/
	Fig. 1. Cross-sectional depiction of the aluminum induced crystallization of a-Si, layer exchange process.
	layer of aluminum can then be removed via a selective wet-chemical etch.
	Several factors are likely to influence the size of silicon grains made by the AIC layer exchange process, including the structural properties of the Al layer prior to stack annealing, the presence of an oxide layer between the Al and amorphous silic...
	This report investigates the relationship between the initial Al grain size and the resulting poly-Si grain size. In particular, the aluminum grain size is manipulated by annealing prior to the a-Si deposition, with the assumption that a reduction in...
	EXPERIMENTAL
	The substrates used for the depositions were (100) silicon wafers with 1 micron of CVD-grown SiO2 and 50 nm of RF magnetron-sputtered (13.56 MHz, 3.4 Watts/cm2) Si3N4 which acts as a diffusion barrier. For the Al grain size investigation, a 165 nm th...
	For the AIC poly-Si grain size analysis, a separate deposition of 165 nm thick Al was RF magnetron sputtered and allowed to oxidize in air for 20 hours to allow for the formation of an Al2O3 layer.  This oxide layer was needed to lower the diffusion ...
	Additional samples were subjected to a wet etch to selectively remove the Al layer, consisting of 80% phosphoric acid, 10% DI water, 5% acetic acid, and 5% nitric acid at 55 C [18]. The morphology of the exposed poly-Si was investigated by plan view ...
	/
	Fig. 2. TEM plan view micrographs of the aluminum films (a) As-deposited aluminum (b) Aluminum which was annealed at 500 C for 24 h (c) Aluminum film which was annealed at 550 C for 24 h. The aluminum grain size increases with an increase in annealing...
	RESULTS AND DISCUSSION
	Aluminum grain size
	Fig. 2 presents plan-view TEM micrographs of the as-deposited and annealed Al films, while Fig. 3 displays this data graphically.
	/
	Fig. 3. Grain length measurements for the as-deposited and annealed aluminum films. The top and bottom of the bars represent the minimum and maximum measured grain lengths while the average of 100 measurements (μ), is plotted in the spread of the data...
	The average of 100 individual grain diameter measurements for the as-deposited sample and for the samples annealed at 500 C and 550 C are 0.212 ± 0.065μm , 1.38 ± 1.25μm, and 3.65 ± and 1.73μm. The Al grain sizes increase with increasing temperature, ...
	AIC poly-Si films
	After the AIC anneal was completed, X-ray diffraction θ-2θ scans confirmed the presence of poly-Si. Fig. 4 shows the cross-sectional TEM image of the completed MIC film stack for the sample using as-deposited Al. EDS analysis of each of the individua...
	After Al etching, the poly-Si films surface morphology was examined by SEM (see Fig. 5). All films had Si islands as well as etch pits due to the removal of Al grains which remained protruding into the poly-Si even after the AIC treatment.
	/
	Fig. 4. Cross-sectional TEM image of the completed sample that used an as-deposited Al film for the AIC anneal at 450 C. The Al and Si layers have exchanged positions and the silicon is now adjacent to the SiN substrate and has been crystallized into ...
	/
	Fig. 5. SEM plan view images of the AIC produced poly-Si films fabricated using (a) an as-deposited aluminum film; (b) an aluminum film that was vacuum annealed at 500 C for 24 h; and (c) aluminum film that was vacuum annealed at 550 C for 24 h. All o...
	The etch pit density per 2500μm2 area did not vary significantly between the samples (see Fig. 6). However, the average length of the etch pits in the sample that had the largest Al grain size (Al annealed at 550 C) was about 200nm greater than the on...
	/
	Fig. 6. Etch pit length for the poly-Si films as a function of Al pre-treatment. The top and bottom of the bars represent the minimum and maximum measured etch pit length while the average etch pit length (μ), is plotted in the spread of the data. The...
	The plan view TEM micrographs of the 3 cases from the study after the Al etches are presented in Fig. 7. From the micrographs, many Si grains are visible in addition to holes which occur where the Al etch pits intersect the TEM specimen plane. To una...
	/
	Fig. 7. Plan view TEM micrographs of the poly-Si films fabricated using (a) an as-deposited aluminum film; (b) an aluminum film vacuum annealed at 500 C for 24 h; and (c) an aluminum film vacuum annealed at 550 C for 24 h. All of the TEM samples conta...
	/
	Fig. 8. Grain length measurements for 3 poly-Si films fabricated using different aluminum grain sizes. The top and bottom of the bars represent the minimum and maximum measured grain lengths while the mean of 50 measurements (μ), is plotted in the spr...
	CONCLUSION
	The relationship between the size of aluminum grains and the size of polycrystalline silicon grains produced by the aluminum induced crystallization layer exchange process of amorphous silicon was investigated by enlarging the aluminum grains with an...
	size increased when aluminum films with larger grains were used for the crystallization. Thus, enlarging aluminum grain size prior to the deposition of the a-Si and completion of the AIC process is beneficial for polycrystalline silicon films that are...
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