SILICON WAFER GETTERING ABILITY STUDIED BY THE METHOD OF CONTROLLED CONTAMINATION
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The crucial problem in silicon device manufacturing is the unintentional contamination of the wafers with heavy metal impurities before or during high temperature processing. The management of gettering mechanism [1, 2] is a key for successful high yield production of semiconductor devices. 
Method of controlled contamination (MCC) is used in ON SEMICONDUCTOR CZECH REPUBLIC [3] for measurement of gettering efficiency of silicon wafers. This method is based on quantified contamination of wafer backside and after delineating of corresponding haze (the form of agglomerates of etch pits) on the front side [4, 5]. 

We use H2O solutions with different concentration of metals: Cu(NO3)2 for the “copper haze test” and Ni(NO3)2 for the “nickel haze test”. The metal concentration in water solution is set up to achieve surface metal contamination in the range of 1012 – 1017 atoms.cm-2. We observed different sensitivity of MCC(Cu) compared to MCC(Ni), because the bigger oxygen precipitates are necessary for Cu gettering. Gettering ability for Cu is generally lower or the same as for Ni, but the haze corresponding to Ni contamination is better visible. Due to these facts, both MCC (Cu, Ni) are independently used for complex gettering ability measurements. Let us introduce to the method details step by step: 

1. Preparing a set of nickel (copper) nitrate solutions in five concentration levels. 

2. Placing five drops of prepared nitrate solutions on the clean silicon wafer backside.

3. Wafers are left to dry (for several minutes at room temperature).

4. Wafers heat treatment in a diffusion furnace in air atmosphere at 950°C for 5 - 15 minutes. Ramp up temperature rate is about 80°C/s, ramp down temperature rate is about 10°C/s (rapid cooling to room temperature). Solubility of Ni in Si is about 1,8 x 1017 cm-3 at 950°C  and it decreases rapidly with temperature down to 1013 at 500°C. During wafer cooling Ni will precipitate at the site with the lowest free energy – internal oxygen precipitates [2], external backside damage treatments [1], wafer surface. Due to high diffusivity the metals go through the wafer from back to front side and NiSi2 (Cu3Si) precipitates can be detected after selective etching as visible haze. If the wafers contain some oxygen precipitates enabling internal gettering (IG) or backside damage enabling external gettering (EG), precipitation of NiSi2 will occur at these sites leaving the wafer surface without any haze.
5. Etching of wafers in HF (40%) for 10 min to remove silicon oxide from surfaces. 

6. Selective etching in Secco [6] or modified Sirtl (1 min) for delineating haze related metal contamination on the front surface. This haze is well visible under a bright light.

7. Evaluation of delineated haze in relation to original metal contamination sources (drops) on the wafer backside. The gettering ability of silicon wafer equals the highest metal concentration on the wafer backside, which one has no visible corresponding haze on the wafer front side – above this level of contamination metals are not gettered by IG or EG and form precipitates on the front side.

We use this relatively simple, cheap and fast method to study a complete set of CZ silicon wafers doped by As, B, P, Sb on the different levels, with wide range of oxygen content and with different thermal history. We have studied also an influence of nitrogen doping [7]. The results are briefly summarized in Tab. 1. We noted better gettering of Si:B compared to Si:As/Sb. The gettering ability of Si:B increases after heat treatment against no changes of Si:As/Sb. This behaviour is fully related to different oxygen content and different precipitation in dependence of crystal thermal history. Doping by N initiated oxygen precipitation and significantly higher gettering ability was measured for all samples. 
Tab.1 Summary of gettering ability measurements on (as grown) silicon and on silicon after heat treatment (750°C/4h followed by 1050°C/16h in nitrogen +5% dry oxygen atmosphere) according to standard precipitation test [8]. Silicon was doped by As, Sb, B with and without N addition.
	Dopant
	As
	Sb
	B
	As:N
	Sb:N
	B:N

	Gettering ability (as grown)     (at.cm-2)
	1014
	1014
	1014
	1015
	1015
	>1017

	Gettering ability (B test)          (at.cm-2)
	1014
	1014
	>1014
	>1016
	>1017
	>1017


MCC technique can be used for IG and EG characterisation. For accurate  interpretation of MCC results is necessary to use also another methods – infrared measurements of oxygen content, free carrier lifetime measurements, x-ray topography of micro-defects, but only MCC gives us quantitative value of silicon wafer gettering ability.
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