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Analysis of Surface Cleanliness on Silicon Wafers Using
Total Reflection XRF Excited by Synchrotron Radiation

Yoshihiro HASHIGUCHI and Shun-ichi HAYASHI

The monitoring of surface cleanliness of silicon waters is very important. Total Reflection X-ray

Fluorescence is expected to be highly sensitive for the ultra trace contaminants on the top surface.
Synchorotron radiation is an appropriate X-ray source. This method was applied to relatively heavy ele-
ments such as Cr, Fe, Ni, Zn, which were suffused on silicon wafer surfaces by spin coating technique.
This method has been found to have high quantitativeness and its minimum detection limits for those ele-
ments was found to be the order of 10'' atoms/cm®.  And this method was also found to be applicable to the

real samples in the course of cleaning.

Key words : X-ray fluorescence analysis; surface analy51s total reflection XRF; synchrotron radiation;

silicon wafer.
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Principle of Total Reflection X-Ray Fluorescence spectrometry.
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Fig. 2. Configuration of Total Reflec-
tion X-Ray Fluorescence spectrometry
excited by synchrotron radiation.
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Table 1. Operation condition of ‘spin coater.

Step 1 2 3
Rotation (rpm) 150 3000 5000
Time (s 1 20 1

Table 2. Surface concentration of contaminants.

Concentration of spreading solution (ppm) 30 3 0.3

Surface concentration (atoms/cm?) 5X1013|5x10'12{5x 10!

AiRiEE (ppm) : 30, 3, 0.3
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Fig. 3. TR-XRF spectrum for 5 X 10"*/em? con-
taminated sample.

— 277 —



% 77 £ (1991) 115

(linear scale)
XRF intensity

2010 g r M
Pritayy
(from air)
Si Ar i Zn
ARt hen
0 ) i 3 8 10 12

X-ray enerygy/keV

Fig. 4. TR-XRF spectrum for 5 X 10'*/cm? con-
taminated sample.
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Fig. 5. TR-XRF spectrum for 5X 10''/cm? con-
taminated sample.
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Fig. 6. TR-XRF spectrum for non-contaminated
sample.
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Table 3. Measured XRF intensity.

Surface concentration of Measured XRF intensity

contaminant { atoms/cm”) Zn Ni Fe Cr
5% 1013 1.3 0.98 0.62 0.42
5X 1012 0.16 0.12 0.085 0.045
5Xx 10! 0.017 0.010 0.010 0.006

(Relative value)
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Fig. 7. Correlation of XRF intensity with con-
taminated amount.

Table 4. Thoretical XRF intensity ratio.

Element Zn Ni Fe Cr
Thoretical XRF intensity ratio 1.00 0.77 0.52 0.31
(Mass absorption coefficient) (205) (188) (160) (120)
(Fluorescence yield) (0.43) (0.36) (0.29) (0.23)
Measured XRF intensity ratio 1.00 0.74 0.46 0.31
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Fig. 8. Estimation of detection limit from
spectrum.

Table 5. Estimated detection limit.

Element Detection limit {atoms/em?)
Zn 9% 1010
Ni 1410
Fe 21X 1010
Cr . 27x 1010
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Fig. 10. TR-XRF spectrum for silicon wafar Fig. 11. TR-XRF spectrum for silicon wafar

cleaned with Cu contaminated water.

cleaned with diluted Cu contaminated water.
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