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The transmission calibration of PHI electron spectrometer can be done using peak
areas of reference materials. It is shown that Tougaard’s formula together with
optimized loss function gives better estimation of the peak areas than using
Shirley’s method, because Tougaard’s formula automatically and systematically
determines the extent of peak that is to be integrated as an area.

It is known that the transmission
of PHI’s hemispherical electron analyzer
1s largely dependent on the retarding
~ ratio only. By using this property, one can
calibrate the analyzer’s transmission as
follows. (1) Measure several peaks by
varying analyzer pass energy E,. For
our instrument (PHI 1600c), E, . =
187.85, 117.4, 58.7, 29.35, 23.5, 11.75,
5.85, and 2.95 eV are the possible values.
(2) Calculate peak area and divide each
area by corresponding E,... [1], (3)
Normalize the series thus obtained so
that the value of largest E . (=187.85
eV) is equal to 1. This procedure is an
expedient (discussed later). (4) Plot the
retarding ratio,

points against the

Ejineti’Epass-  The points seem to lie on a
universal line, which 1s well
approximated by [2]

[a®/(a*+ &))" (1)
where K is the retarding ratio, a and b
are analyzer-dependent constants,

usuallya ~ 20,b ~ 0.2.

It is noted that in the above plot,
R changes as E,, changes. On the other
hand, in the real spectrum taken in the
constant pass energy mode, & changes as
Eyineic. changes. However, the existence of
a universal line that depends only on %
suggests  that
interpreted as a transmission function of

expression (1) is

constant pass energy mode.
In this paper, two methods of
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' Intensities of Epass=187.85 are normalized to 1.

Transmission by Shirley’s method i
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Fig. 1 Transmission using Shirley’'s method.

calculating peak area, Shirley’s method
and background optimization, have been

compared.
Fig.1 shows this plot of our
instrument (PHI  1600c) for Cu

L,sM M, 5, Cu2p3/2, Cus, Audf, Ag3d,
and Agd4d where the peak areas are
evaluated after Shirley’s background
subtraction. For peaks of Au and Ag, not
a one of the doublet, e.g. Ag3d5/2, but the
whole peaks, e.g. Ag3d(3/2 + 5/2), was
used because proper separation was not
possible especially when E_, is large.
The least-squares fit (solid curve) gives a
= 19.54, b=0.234. Sum of deviation of all
points from the best-fit curve is 0.1399.
The extents of the peaks to be integrated
were determined by eye, because there

was no systematic and consistent way in

the Shirley’s method. Data scatter is
visible around CuLMM and Cu2s and
Agdd. For Agdd,
deviation is considered (discussed later).
In addition, it is noted that the slope of
Ag 4d is different from that of best-fit

curve.

another reason of

In order to make this process

systematic and consistent, I wused
Tougaard’s formula with optimized loss
function for each material obtained from

another spectrum of each material
measured by the same spectrometer. The
described

the term

optimization procedure 1is
elsewhere [3]. At present,

“optimized” does not always mean that

" the function is the true one that every

peak in the function corresponds to the
real excitation of the solid, because the
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Transmission by Optimized Loss Functlion
Intensities of Epass=187.85 are normalized to 1. T=(a’2/(a?2+R "2))b
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Fig.2 Transmission by optimized loss function.

extents of peaks and tails used in
optimization still have arbitrariness.
This will be
However, used “optimized” loss functions

discussed elsewhere.
always give reasonable peak ratio not
only for a pair of peaks used for
optimization, but also for all peaks of the
same material [3]. And, moreover, the
loss function is applicable to spectra
measured in any resolution, as shown
below. Therefore the method is the more
consistent approach than the Shirley’s
method.

For all the materials,
taken with E ., of 11.75 eV were used for
calculating the loss function. Once a loss
function 1s obtained, background is
automatically calculated. The peak area
of background-removed spectrum to be
integrated is easily defined as a non-zero
portion of the spectrum within the

spectra

neighborhood of the peak, hence there is
no room for uncertainty how to set the
extent'of the peak, which the Shirley’s
method always has. The Tougaard’s
universal function [4] might essentially
have worked as well, however, it is not
tried here because the universal function
gives much broader peaks that are
difficult to define appropriate areas.
Fig.2 shows the same plot of the
same data as Fig.1 using thus obtained
loss function together with IMFP by
Tanuma et al. [6] for background
subtraction before peak area calculation.
The least-squares fit gives a = 15.29 and
b = 0.221. The decrease of a is mainly
ascribed to the decrease of deviation of
Ag4d peak. The points seem to lie closer
to the best-fit curve than in Fig.l
Especially the slope of Ag 4d is close to
that of the best-fit curve. Sum of
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deviation of all points from the
best-fit curve is 0.1302. These

results suggest the validity of

using loss function for

maintaining quantitative

consistency in the case that the

material is considered to be
uniform.

In both cases, the
expression (1) describes the

tendency up to £ ~ 300, beyond
which another formula that falls
more rapidly is necessary.

Fig.3 shows Ag 3d peaks
for largerst (187.85 eV) and
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Fig.3 Ag3d peaks analyzed by single loss function.

smallest (2.95 eV) pass energies
measured. It is clear that the
background is properly removed
irrespective of the actual pass

the
resolution.

particular
spectrum This
justifies the use of single loss

energy, le.

function for all spectra. The loss

T T T T

Ag 3d
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ﬁ \ |

|

function’s independence from

the already

resolution was

Vf‘\‘ Shirley
Using Lo?s Funi:tion\b‘/\L )

suggested in the earlier paper 400

(Fig.7 of Ref.3).

Fig.4 shows comparison
of two kinds of backgrounds for
Ag 3d, Epass=187.85 eV in this report.
The extent of Shirley background was set
within a narrower region than that by
loss function. The background by loss
function shows that all the intensity
including slight increase at the lower
binding energy side of the peak should be
evaluated.

It is noted, in the present plot, the
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Fig.4 Shirley and loss function backgrounds.

points recorded at the largest pass energy
(187.85 eV) are normalized to be 1 for
convenience, leading to artifact data
scatter that is mostly apparent in Ag4d.
As mentioned before the slope of Ag4d is
now close to that of best-fit curve. Ideally,
all points should be normalized with
respect to the (extrapolated) values at
sufficiently small B e.g. £ = 1. This
shift the downwards,

might points
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Ag4d,

1mprovement.

especially leading to further
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