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A study for the neutralization of charge-up potentials observed in monochromatized XPS analysis

of @-alumina single crystal plate without electron flood gun was carried out.

In order to reduce

the very large charge-up potential of 470~481 eV, when no neutralization technique was used, the
alumina surface was masked with a thin gold film with a hole of 1~7mm¢. The charge-up poten-

tial strongly depended on the monochromatized X-ray Aux and the diameter of the hole.

It hecame

smaller than +15 eV for both the focus and defocus modes of X.ray source with diameters of 2
and 6mmé¢ of hole, respectively. These results indicate that exposure of the gold mask to X-ray
flux is essential so that photoelectrons, Auger electrons, and secondary electrons emitted from the
gold mask are supplied to the sample surface with charge-up potentials, Further, the relationships
among charge-up potential distributions, X-ray Oux distributions, peak height (and/or area}, full
width at half maximum of AlZ2p, and the difference in binding energy between Ols and AlZ2p

were elucidated.
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Fig. 1 Tlustrative drawing for monochromater,
sample stage, analyzer, the shapes of Au mask-
ing and a-alumina single crystal surface {anal-
ysis area) with a diameter of d {mm), and the
direction of line scanning. A was 5iQ: crystal
(monochromater), B X-ray source, C CHA {con-
centric hemispherical analyzer), and D input
lens.
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Table 1 Binding energies, magnitude of charge-up and difference
in binding energy between Ols and Al2p observed at the center ® Focus mode
of the analyticel area of @-alumina surface masked by Au film 500F B Defocus mode
with & mm¢ (monochromated AlKe 400 W, Focus mode), = ook /
Angg:‘cal AlZp CU-1 FWHM keps Ols CU-2 FIWHM kops gllg'p S ool
d(mmgp) (V) {(eV)* (eV) (eV)  (eVI** (eV) &
1 8.0 141 18 1.6 5446 139 21 7.6 456.6 2200
2 85.5 11.6 1.8 1.9 5426 1i.¢ 2.0 8.1 457.1
3 190.6 116.7 1.8 1.1 646.9 116.2 2.1 48 456.3 toer
5 3¢B5.6 281.7 1.6 1.9 8257 206.0 1.6 7.6 460.1 0 L
7 428.5 354.6 1.7 1.8 887.4 356.7 2.0 6.4 4580 01 2 3 5 7 mmosng
Nao . . Diameter /mm
masking 554, 7 480.8 2.2 (0.9 1012.2 481.56 2.9 2.9 457.5 Fiz. 2 Relationship between the
*CU-1 means the charge-up (V) estimated using Al2p=73.9eV. diameter of a-alumina single cry-
#(CU.2 means the charge-up (eV) estimated using O 1s=530.7 ¢V, stal surface covered with the Au
mask and the charge-up potential
Table 2 Binding energies, magnitude of charge-up and difference estimated from AlZp peak posi-
in binding energy between Ols and Al12p observed at the center tion(reference to Al2p=73. 8¢V).
of the analytical area of a-alumina surface masked by Au flm The data were obtained at the
with d mm¢ (monochromated AlKa 400 W, Defocus mode), center of the hole.
Allﬂl}é:cai Al2p CU-1 FWHM keps Ols CU-2 FWHM keps ?\j; °e e Focus mode
d{mmg) (eV) (V¥ (eV) (eV) (eVP** (eV) 4.0 mDefocus mode
1 85.2 11.3 1.8 0.3 B42.2 11.8 2.0 1.3 457.0 =
9 8.0 81 1.8 0.4 5389 82 1.9 1.7 4560 -0 /F
3 87.8 13.9 1.8 0.4 545.0 143 2.0 1.6 457.2 = e
5 88.8 14.9 1.5 0.5 5463 156 1.5 18 4575 2O «~4w—«L\H_4}#,44%5i
7 262,6 138.7 1.9 0.4 719.8 1881 2.2 1.9 457.2 1ok
No 547 470.8 3.2 0.11003.7 473.0 3.6 0.4 459.0
ﬂaskmg 001 1 3 1 1yl
*C1J-1 means the charge-up (eV) estimated using AlZ2 p=73.0eV. 0t 23 5 7 no masking
#*C1J.2 means the charge-up (V) estimated using O1s=530.7eV. Diameter fmm
Fig. 3 Relationship between the
ETEH Lize Au = A ¥V 7 fThilnd i, 7 diameter of the hole of ¢-alumina
a—HA, FI 4 —HADWE— FTEILLI +480. 8, single crystal surface and fuil
+470.8eV Pl ID &b TR e B EMEL T, width at half maximum (FWFHM}

for Al Z p spectra measured at the
center of the hole,
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Fig.4 Relationship between the diameter of the
hole of @-alumina single ecrystal surface and
the difference in binding energies of O1s and
Al2p. The range indicated by arrows shows
the difference between the maximum and mini-
mum values for all of the differences in bind-
ing energy observed in the XPS line analysis.
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Fig. 5 Relationship between the peak area of
Au4 fspectrum measured as a function of X-
ray strength just on the Au film on glass
prepared by Ar*-sputtering and the distance
of rmm from the analysis point to the center
of the exposed surface. AlKe in both focus
and defocus modes and MgKea were operated
at 400W, respectively. The scan width was
Zmm, and analysis point number was 21.
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Fig. 6 Relationship between the peak heights of A12p
and Au 4 fr2 spectra and the distance » for a-alumina
single crystal surface with the diameter of 3mmg. The
scan width was 3mm, and analysis point number was 16.
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Fig. 7 Dependences of JA E. between the peak positions
of AlZ2p at the center and alalysis point and of the
FWHAM at the distance » from the analysis point to the

center.

X-ray source was operated in defocus mode.

The samples used were shown in the figure.
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Fig, 9 Al2p spectra observed at the a-alu-
mina single crystal surfaces with a diameter
of 3 or 5mme¢ when the X-ray source was op-
erated in defocus mode,
A at »=21.2mm for a sample with a hole of
3mme and #=1, 5 mm for a sample with a hole
of 5mmg, B: at the center (=0, 1mm).
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meters at the g-alumina single crystal
surface without Au-masking :

(a) relation between the peak area of
Audf shown in Fig, 5 and (®) the peak
or {A) the peak height of A12 p,

{b) relation bhetween the charge-up po-
tential referred to Al2p=73.8eV and
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FWHM and the peak height of Al2p,
The X-ray source was operated in focus
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