STRUCTURE AND GETTERING PROPERTIES OF POLYCRYSTALLINE SILICON LAYERS
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The management of metal contamination is an important aspect of integrated circuit manufacturing. The circuits elements are fabricated on the perfect polished front side of the silicon wafer. All direct operations are realized in the region about 10 - 20 μm down to prime surface of the wafer, but the bulk or/and backside of the wafer are crucial for gettering mechanism. As the gettering we understand process of diffusing metal impurities such as iron, copper and nickel from the wafer front surface into silicon wafer bulk (intrinsic gettering – IG) or backside (extrinsic gettering – EG). IG is based on oxygen precipitation [1] in the bulk and due to this fact, it is used mostly in Czochralski grown silicon. Engineering of EG is related to wafer backside operations, as polycrystalline layer deposition [2] or mechanical backside damage (BSD). 

For EG of silicon wafers the polycrystalline silicon (polysilicon) layers with the thickness about 1 μm are commonly grown by low pressure chemical vapor deposition (LPCVD) technique by the reaction: SiH4 (600 – 650°C, 60 – 200 mTorr) → Si + 2H2. Quality of polysilicon layer and corresponding EG ability are strongly dependent on deposition parameters – especially temperature and deposition pressure.

We used atomic force microscopy (AFM) and x-ray diffraction for characterization of two sets of samples. The first set was grown with different deposition temperature in the range from 600 to 660°C (at 100 mTorr) and the second one with different deposition pressure in range from 60 to 240 mTorr (at 640°C). We also investigated the influence of substrate surface quality. Polysilicon layers were deposited on the perfect polished surface, etched surface and surface with 1000 Å thick oxide. Gettering properties of polysilicon layers were measured by the method of controlled contamination (MCC) [3], when wafer backside was intentionally contaminated with nickel from the droplet of Ni(NO3)2 dilution. After heat treatment and selective etching “haze” formed on wafer front side was evaluated.

All samples were produced in ON SEMICONDUCTOR CZECH REPUBLIC [4]. Silicon wafers were sliced from Czochralski-grown ingot heavily doped by antimony in the range of resistivity 10 – 20 mΩcm. The thickness of (100) substrate for deposition was 525 μm and diameter was 100 mm.

We evaluated AFM and x-ray diffraction measurements and we found no significant difference between the structure and roughness of polysilicon layers grown on the polished surface, etched surface and surface with 1000 Å oxide. We can explain this phenomenon by presence of native oxide on the substrate surface. Due to this, a common structure of LPCVD polycrystalline silicon layer is not dependent on previous treatment of the surface (layer is not grown in-situ after previous treatment). We can also assume that structure and morphology of the polysilicon layer does not depend on the dopant type and resistivity of the substrate. 

AFM measurements of samples deposited with different temperatures show that lateral dimension of polycrystalline grains increase from about 0,25 μm to 0,35 μm as deposition temperature increases from 600 to 660°C. From study of the x-ray diffraction intensities we noted polycrystalline silicon layer is compound of grains preferentially orientated with <111> or <220> direction perpendicular to the substrate surface. While intensity of <111> diffraction increases, intensity of <220> diffraction decreases with rising deposition temperature (Fig. 1.). 
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It is known that grains with preferential direction <111> grow faster then grains with preferential direction <220>. At higher deposition temperature the layer contains more <111> grains which are bigger in dimensions then <220> grains. This is in a good agreement with our AFM measurements. From these results deposition temperature does not influence dimension of the grains themselves but changes the volume ratio of <220> and <111> grains. 

In a contrary to the earlier [5] published data that grain size increases with deposition temperature, our results indicate that deposition temperature affects the distribution of grains with different crystalline orientations which appears as the average increase in grain size. The dimensions of the grains with the same orientation are not the function of deposition temperature and depend mainly on the overall layer thickness. From measurement on the samples with different deposition pressure, we found similar trends as on the measurement with discussed “temperature” series. Despite the structure of polycrystalline layer considerably depends on deposition parameters we did not observe any influence of deposition temperature or pressure on the gettering ability.  

J. Šik, Z. Bochníček, Oxygen precipitation in Czochralski silicon, in these Proceedings.
[1] M. Lorenc, D. Lysáček, K. Navrátil,  Proceedings of the 14th Joint Seminar DMSRE 2004, 29, Maxdorf Praha 2004.
M. Lorenc, L. Válek, V. Pešat, Silicon wafer gettering ability studied by the method of controlled contamination, in these Proceedings.

[2] http://www.onsemi.cz/
[3] E. Ibok, S. Garg, J. Electrochem. Soc., Vol. 140, No. 10, October 1993, 2927.

Fig. 1. Dependence of maximal intensity of <111> and <220> diffraction on the deposition temperature. 
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