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The Effect on the Microroughness of Si Substrate by Metallic Impurity Ca
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Abstract In this study, we focus on Ca contaminant which affects on the roughness of Si substrate after thermal proc-
ess. The initial Si substrates were contaminated intentionally by using a standard Ca solution. The contamination lev-
els of Ca impurity were measured by TXRF and the chemical composition of that was analyzed by AES. Then we
grew the thermal oxide to investigate the effect of Ca contaminants. The microroughness of the Si surface, the ther-
mal oxide surface, and the surface after removing the thermal oxide were observed by using AFM. The minority carri-
er diffusion length, leakage current, and breakdown voltage of thermal oxide were measured to examine the electrical
characteristics. The initial substrates that were contaminated with the standard solution of Ca exhibited the contami-
nation levels of 10" ~10" atoms/cm?® which was measured by TXRF. The Ca contaminants were detected by AES and
exhibited the peaks of Ca, Si, C and O. After intentional contamination, the surface microroughness of this initial sub-
strate was increased from 1.5 A to 4 A as contamination levels became higher. The microroughness of the thermal
oxide surfaces of both contaminated and bare Si substrates exhibits similar values. But the microroughness of the con-
taminated Si/SiO. interface was increased as contamination increased. The thermal oxide of contaminated substrate
exhibited the small minority carrier diffusion length, low breakdown voltage, and slightly high leakage current.
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Fig. 1. SEM micrograph of Ca particles on the Si substrate.
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Fig. 2. AES depth profile of Ca impurity contaminated on Si
substrate.

Table 1. Amount of Ca impurities after intentional con-
tamination of Si substrate by TXRF.

Ca Ca
Bare contamination | contamination
in DI water |in HF solution
contamination|
level 23x10"| 3.80x10" 2.29x 10"
(atoms/cm?)
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RMS=1.5 & RMS=2.5 A

RMS=4.0 A

Fig. 3. The 3-D images of three different Si surfaces measured by AFM ; (a) bare Si substrate, (b) Ca contamination in deionized

water, and (c) Ca contamination in HF solution.
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Fig. 4. Microroughness values of each surface before and after
oxidation.
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Fig. 5. The changes in minority carrier diffusion length depen-
dent on the Ca impurities when oxidized.
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Fig. 6. I-V measurement of thermal oxide on (a) bare Si substrate, (b) Ca contamination in DI water, and (c) Ca contamination in

HF solution.

Table 2. Dielectric characteristic of the MOS capacitor.

Thermal oxide of Thermal oxide of
Bare e . e e . .
Ca contamination in DI water | Ca contamination in HF solution
Leakage current density
(nA/cm?) 1.02 7.51 255
Dielectric breakdown voltage

(MV/cm) 8 75 6.1
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