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X-ray photoelectron spectroscopy (XPS) is an effective method for analyzing the chemi-
cal bonding state of material surface. The detection limit of XPS, however, is inferior to
other analyzing methods, such as SIMS and TXRF. The total reflection XPS (TRXPS) is
a method for improving the detection sensitivity. In this study, we examined the validity
of TRXPS for the analyzing the contamination on a Si wafer surface. In this experiment,
the glancing angle of X-ray(Al-Kex) was 1.1°, which satisfied the total reflection condition.
The samples used were Si wafers contaminated by Fe and Cu. The detection limit of
TRXPS was found to be 9E + 10 atoms/cm® for Fe and Cu, which was improved by 40
times in comparison with that of the normal-type XPS. Accordingly, it can be said that
TRXPS is a very effective method for the analyzing the contamination on a Si wafer.

Keywords : total reflection photoelectron spectroscopy; XPS; TXRF; Si wafer; Fe; Cu;
detection limit; sampling depth.
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Schematic illustration of total reflection X-ray photoelectron spectroscopy

Arrangement of X-ray source, crystal and sample stage in JPS-9000MC
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13 0.05°, HIEREI 10420 5008 & L.

— Normal XPS Background
2 F intensity 7
NoT ]
= f ]
E I A ‘7[\1 ]
]
E 7 A _ A 4
2 [TRXPS / / / / _
g O1s Cls  / sigp ]
£ O:KLL(Auger peak) ~ Nis \ s 'Ss i
e F ¢ Background x ]
s i intensity ]
© L
© ~rﬁ4{q .,f>& et i
1200 1000 800 600 400 200 0

Binding energy /eV

Fig. 2 TRXPS and normal XPS wide scan spectra
of Si wafer in several weeks after HF cleaning
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Table 1 The amount of contamination of Fe and Cu measured by TXRF, and the photoelectron intensity of Fe

and Cu after intensity calibration

Fe(X E+ 10 atoms/cm?)

Fe2ps,2 peak intensity (cps X eV)

Cls/Si2p Calibrated Fe2ps/» peak intensity (cps X eV)

3424 30.43
100.5 25.60
12.57 10.00

1.290 39.25
1.000 25.60
1.770 17.70

Cu(X E+10 atoms/cm?)

Cu2ps,; peak intensity (cps X eV) Cls/Si2p Calibrated Cu2ps,. peak intensity (cps X eV)

4213 31.11
23.76 10.26
9.070 6.550

1.430 44.48
1.000 10.26
1.510 9.890
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Fig. 3 TRXPS wide scan spectrum

The amount of Fe contamination is 1.01E+ 12
atoms/cm2
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Fig. 4 Fe 2ps/s narrow scan spectra of TRXPS
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Fig. 5 Photoelectron
(1.26E + 11 atoms/cm?)

signal intensity of Fe
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Fig. 6 Photoelectron signal intensity of Fe
(1.44E + 10 atoms/cm®)
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Fig. 7 Cu 2ps/ narrow scan spectra of TRXPS
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Fig. 8 The calibration curve of Fe and Cu
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Fig. 9 Cu2ps/e narrow scan spectra of normal XPS
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