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Measurement of Ion Sputtering Yields for In-depth Profiling Analysis
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Synopsis :

This article reports the results obtained in the second phase of the joint research for ion sputtering, con-
ducted by the Surface Analysis Subcommittee of the Iron and Steel Analysis Committee, the Joint Research
Society of ISIJ. Various effects on sputtering yields were studied in detail and the sputtering yields for
Ni and Zn were determined by analyzing the results of an in-depth profiling of electrodepsited steels with
Auger electron spectrometers. Ar" jons were used as the bombarding ion species and a Faraday cup,
which had a small hole for the ions to pass through in the center of an upper plate over a cup, was used to
measure the electric current of incident ions. To calculate the ion current density, a correction for the
effective transmittance efficiency of the hole was carried out in consideration of the cross-sectional shape
of the hole. The sputtering yields determind in each laboratry by using this correction agree well with
each other and show smaller scatter compared with those obtained in the previous phase. The anguler
dependence and energy dependence of the sputtering yields for Ni and Zn were also clarified.

We, therefor, propose the standard procedure of ion sputtering for in-depth profiling analysis, including
methods to measure the ion current, to calculate the ion current density, to optimize the sample position and
to tune the lenses of the ion gun.
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Table 1. Coating weights of plated

obtained by chemical analysis.

Element Coating weight (g/m?)
Ni 2.1
Zn 11.4

Table 2. Experimental conditions in each laboratory.
Angle of incidence of ions (deg.) :
Ion energy ‘ Ion current, Scanning or fon current
Laboratory Apparatus (keV) Specimen Faraday cup density (A/cm?)* point mode meter
B PHI 600 2, 2.5 3.4, 4.5 54 .v8 54.8° 5~20%X10"¢ Scanning Internal
C PHI 600 3,4, 5 54.8 54.8° 1~2x107% Scanning External
D PHI 595 2, 3, 4, 4.5 52.9 33.1° 3%x107° Scanning External
E PHI 600 3, 4,5 54.8 54.8° 1Xx1074 Scanning Internal
F PHI 590 3, 4, 5 52.9 33.1° . 4x107% Point External
H PHI 610 3,4, 5 54.8 54.8° 5~6x1074 Scanning External

* The value for the transmittance efficiency is assumed to be unity.
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Fig. 1. Cross-sectional view of the Faraday cup
used in this work.

l Optimize the sample position using an elastic peak]

l Position the Faraday cup I
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{ Tune the lenses of the ion gun (point mode) l
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I Measure the ion current (scanning mode) l

lPosition the sample and measure the depth proﬁlel

Fig. 2. Measuring procedure for  in-depth

profiling analysis..

Table 3. Comparison of the relative sputtering
yields under different vacuum levels.
Specimen Ni 2.1 g/m?
fon energy 3keV
Angle of incidence of ions 52.9°
Vacuum level ] ) Relative Relative
Sample chamber Tonization chamber | '0P current | sputter rate
5.3X10”%Pa 3.3X10 " %Pa 0.43 0.998
4.0X107%Pa 2.5X107 %Pa 1.0 1.00
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Fig. 3. Comparison of the ion currents under
various angles of incidence of ions measured
in Laboratory C using several Faraday cups.
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Fig. 4. Relationship between the effective trans-
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incidence of ions.
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Fig. 5. Transmittance efficiency as a function of
angle of incidence of ions calculated by using
equation (2) for 2a = 270 um and ¢ = 55 yum.
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Table 4. Specifications of the modified Faraday
cups.

Material of the Diameter of Thickness of
upper plate the hole the upper plate
Mo 250 pm 37 um
Al 250 um 73 pm
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Fig. 6. Comparison of the angular dependence of measured (white) and corrected
(black) ion current densities obtained by using the modified Al (circle) and Mo

(triangle) Faraday cups for 3keV Ar™

jons a) and 1keV Ar™

jons b).
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Table 5. Comparison of the ion current density
measured with the modified Faraday cup and the
~ordinary one.

Type of Angle of incidence Ton current
Faraday cup of ions {deg.) density (A/cm?)
Modified 0 1.7%x1074
Ordinary 54.8° 5.8X107°
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Fig. 7. Relative sputtering yields for Ni and Zn

as a function of angle of incidence for 4keV
Ar* ions.
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Fig. 9. Comparison between the sput-
tering yields for Ni and Zn with normal
incidence of Ar ™ ions obtained in this
work and those reported in the litera-
ture.
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