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A review of ultra trace element analysis with total-reflection X-ray photoelectron spectroscopy (TRXPS) and its ap-
plications to the semiconductor surface are descrided. TRXPS is a method for improving the detection sensitivity by in-
creasing the peak to background ratio for photeelectron spectrum. The detection limit of TRXPS was found to be 9 X
10" atoms/cm’ for contamination on Si wafers. The improvement is 40 to 100 times of the normal-type XPS.
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Fig.1 Comparison between normal XPS (A) and TRXPS (B). Photoelectrons
emitted from the sample surface are acuired by the electrostatic lens.
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Fig.2 TRXPS and normal XPS wide scan spectra of a 81 wafer in several

weeks after HF cleaning.
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Fig.3  Schematic iflustration of total reflection X-ray photoelectron spectrescopy. Arrangement of X-
ray source, crystal and sample stage in JPS-9010 TR.
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Table 1 Comparion of various surface analysis methods,

Advantage Disadvantage
XPS Surface analysis Low sensitivity
Chemical shift
Depth profile
AES Surface analysis Low sensitivity
Depth profile
Local analysis
Mapping analysis
SIMS | Top surface analysis Destructive analysis
Depth profile Low sensitivity for
Mapping analysis heavy metal
H deteciion Ouantitative
analysis is difficult
TXRF | High sensitivity Large area analysis

No sample preparation
Depth profile

Low sensitivity for
light element
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Fig. 4 P/B ratio of Ols peak for AlK« incident on $i wafer in several weeks

after HF cleaning,.
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Table 2 {Z TXRF THIE U & H 300 O Fe, CuiB
Beiiamy, iR T L9 REREOHREIT 1 X100~
1X10"%atoms/cm? TH D, TRXPS #HWTZh 6 D&
BER SN R — 0 ENE L.

Fig. 5 i Table 2 {T 577 4% Fe BICIS1 B Fe2pan b 12
— AN M ERT, 126X 10"atoms/em® E T Fe 2 pan
K= L LTE— 7R, 2R A — @R Eh
TWd, FelHHE 1.44 X 10"%toms/cm? D&, Fig. 54
RT ALV w B OFedpm AT i b, Fe
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Table 2 Amount of Fe and Cu concentration measured with

TXRE.
Fe Cu
342,44 X 10" atoms/em’ 4212.82X 10" atoms/cm’
100,52 X 10" atoms/em? 23.76 X 10" atoms/cm®
12.57 X 10" atoms/cm® 9.07 X 16" atoms, cm?®
2

1.44 X 10" atoms/cm’* 1.74 % 10" atoms/cm’

W Table 2R TECuBIZBIFD Culpn AT b A
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Fig. 6 Cu 2 pa2 narrow scan specira of TRXPS.

Table 3 Photoelectron intensities of Fe 2ps» and Cu 2pas2 peaks.

Fe Fe 2 paz Peak Intensity Cu Cu 2 pss2 Peak Intensity
342.44 X 10"atoms/cm’ 39.25 cps™eV 4212.82 % 10"atoms/em? 4448 cps*eV
100.52 X 10" atoms/cm? 15.60 cps*eV 23.76 X 10"™atoms/cm? 10.26 cps”eV
12.57 X 10"atoms/cm’ 7.7C cpsTeV 9.07 % 10"atoms/cm? 9.890 cps“eV
b 2

1.44 X 10 atoms/cm

1.74 X 10"atoms/cm

It is expected that the analysis position of TXRF is not the same as that of XPS.
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