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The correction procedure of the energy axis for AES (Auger electron spectroscopy) spectra is needed when
the spectra are analyzed in an interlaboratory comparison, or in a verification between a database. We have
investigated the procedure using the standard samples, Au, Ag, and Cu in a small working group in the Surface
Analysis Society of Japan. The following results are summarized by the round-robin test. (1) Au and Cu mate-
rials are used as standard samples for the energy correction. (2) It does not need to pay special attention to the
surface morphology and fabrication methods (such like a bulk material or a deposited film) for the standard-
samples. (3) The repeatability of the peak energies except Au MNN peak is within the range of almost 0.1 eV
for the usual experimental procedure of the sample positioning. (4) Contamination caused by the irradiation
and an adsorption of the residual gasesduring measurements does not affect the peak positions. The energy
correction of the energy axis can be carried out with an error within +1 eV using a linear correction function and
with an error below +0.5 eV using a quadratic correction function.
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Comparison of kinetic energies of AES standard peaks. The three kinds of standard values are cited from
the reference [1]. Vacuum, Fermi, and std. Vac. are abbreviated from Vacuum Level, Fermi Level, and
Standard Vacuum Level, respectively in the reference [1]. Ave. and S. D. are the averaged values and the

standard deviations of the differences, i,e., A-B, C-B, and D-B.

A B

transition Seah (Vacuum) Seab (Fermi)
Cu MVV-LOW 5673 10.04 61.16 +0.04
Cu MVV-HIGH 59.01 0.04 63.44 +0.04
AuNVV-LOW 65.67 10.04 701  0.04
AuNVV-HIGH 6778 1+0.04 7221 0.04
Ag MNN 353,38 +0.01 357.81 £0.01
CuLVV 914.19 +0.01 918.62 +0.01
Au MNN 2011.1 £0.05 2015.6 £0.05

C D Difference

Seah (Std. Vac.) Goto A-B C-B D-B
56.66 10.04 56.68 +0.03 -443 -45 -448
5894 0.04 5895 #0.02 -443 -45 -449
656 10.04 6578 *0.04 -443 -45 -432
6771 +0.04 6787 +0.02 -443 -45 -434
353.31 10.01 353.44 £0.01  -443 -4.5 -437
914.12 £0.0! 914.12 £0.02 -443 -45 -45
2011.1 30.05 20115 £0.09 -443 -45 -4.09

Ave. -443 -45 -437

S.D. 0 0 014
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Table 2

AES measurement conditions adopted in this investigation. Organizations and the instruments are
also shown in the table. Ep, Ei, Area are the primary electron beam energy, current at the sample, and
measured area, respectively. AE is the full width at the half maximum for the elastic peak at the energy
of @E, and corresponding energy resolution in % is E. Resol.

Organization  Instrument Ep kV) Ei (nA)
BK VG-310D 5 30
cv PHI-650 5 100
BB PHI-670xi 5 45-89
CB PHI-600 5 300
AT PHI-660 5 200

Area (Um?) AE (V) @E(eV) E.Resol.
50 4.6 2000 0.23
50 11.6 2000 0.58
50 4.96 1000 0.5
50 16.5 3000 0.55
50 20 3000 0.67
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Typical AES peaks for Au NVV (a), Au MNN (b), Ag MNN (¢), Cu MVV (d), and Cu LVV (e). The five

spectra were obtained at one of the organizations.
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Fig. 2

Measured kinetic energies for Au NVV lower peak (LEFT), Au NVV higher peak (CENTER), and Au
MNN (RIGHT). The organization BB measured the mirror-polished bulk plate, the deposited film on a
silicon substrate, and the usually used sample at BB. The organization CV measured the mirror-polished
bulk plate and the deposited film on a silicon substrate.
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Fig. 3

Measured kinetic energies for Ag MNN. The organi-
zation BK measured the mirror-polished bulk plate,
the deposited film on a silicon substrate, and the usu-
ally using sample at BK. The organization CB mea-
sured the mirror-polished bulk plate, the deposited
film on a silicon substrate, the usually used sample at
CB, and the roughened Ag plate by an emery paper.
The symbols of the solid show the averaged values
for each organization.
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Fig. 4

Measured kinetic energies for Cu MVV lower peak (LEFT), Cu MVYV higher peak (CENTER), and Cu
LVV (RIGHT). The organization AT measured the mirror-polished bulk plate, the deposited film on a
silicon substrate, the conventionally used sample at AT, and the roughened Cu plate by an emery paper. AT
measured by the primary electron beam of 5 kV as well as 10 kV. The organization BB measured the
mirror-polished bulk plate and the conventionally used Cu sample at BB. The organization DJ measured
the mirror-polished bulk plate, the deposited film on a silicon substrate, and the usually used Cu sample at
DJ, however, the measurement conditions are not listed in Table 2 for the organization DJ.
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The measured kinetic energies for Cu MVV (Low) (a), Ag MNN, and Au MNN depending sample
positioning procedure. The correlation between the different transition peaks for the same sample was
not observed, then it is considered that the peak energies randomly change when the sample is mounted/
dismounted onto/from the manipulator. The large error bars for the Au MNN are not caused by the
sample positioning procedure, but it occurs due to a high background and a high noise level in the

energy region at around 2000 eV.
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(a) The difference between measured kinetic energies and the Seah’s reported values vs the Seah’s
values on the basis of the Fermi level. Here are two groups; the energy differences are around zero
below 1000 eV in one group (BB and BK) and they are around -4 eV in the other group (AT and
CV). (b) The standard deviation of the energy differences between the measured values and the
Seah’s values vs the Seah’s values on the basis of the Fermi level. The deviation is within the
energy of 0.1 eV in the region below 1000 eV, however, it is distributed from 0.1 t0 0.3 eV for Au

MNN (about 2000 eV).
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(a) The difference between measured kinetic energies and the Seah’s reported values against the
Seah’s values on the basis of the Fermi level. The data from the four organizations are plotted
except CB. (b) The kinetic energies are corrected using the linear function obtained by least square
fitting from the Au and Cu peak energy differences from the Seah’s reported values for each orga-
nization. The peak energy of Ag MNN is not utilized for calculation of the fitting function. The
energy of Ag MNN iscorrected by the linear function. {c) The kinetic energies are corrected using
the quadratic function obtained by least square fitting from the Au and Cu peak energy differences
from the Seah’s values for each organization. The peak energy of Ag MNN is not utilized for
calculation of the fitting function. The energy of Ag MNN is corrected by the quadratic function.
The coefficients of the adopted correction functions are shown in Table. 3.
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Table 3

Coefficients of the correction curves. The coefficients were calculated by least square fitting for the
differences between the measured peak energies and Seah’s reported values except Ag MNN data. The

difference was defined as AE = a, + b KE and AE = a, + b,KE + ¢,KE?, where KE is Seah’s reported value.

Organization a, b,
BK -0.3183 6.10x10
cv -4.1925 1.22x10°
BB 0.1259 2.40x10
AT -3.8568 1.46x10
CB -4.1679 2.36x10°

-0.2462
-3.9079

0.2087
-3.5382

EEE

a, b, c, lc,/b,l
2.40x10* 1.87x107 7.8x10°
-6.10x10* 9.21x107 1.5x107
-4.70x10* 3.59x107 7.6x104
-1.18x10® 1.34x10% 1.1x10°3
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different by about 5 eV. (b) Each peak is corrected by the linear function. The peak energies are almost
the same. (c) Each peaks is corrected by the quadratic function. The peak energies coincide at the

same value.
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The peak profile of one of the Fe LMM spectrum. The peak widths are different depending on the energy
resolution of the electron analyzers. (a) As measured at the organizations, AT and BB. The peak energy is
different by about 4 eV. (b) Each peak is corrected by the linear function obtained 9 to 11 months before.
The energy difference decreases by about 50 % from the as-measured value. (c) Each peak is corrected by
the quadratic function obtained before 9 to 11 months. The energy difference decreases by about 80 % from

the as-measured value.
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