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FACTORS AFFECTING AUGER SIGNAL IN CMA SYSTEMS*

V C SaHNI
Nuclear Physics Division, Bhabha Atomic Research Centre, Bombay-400 085

1. INTRODUCTION

Present day experimental study of Auger spectra is most often done using Cylindrical
Mirror Analysers (CMA). Essentially the study involves determination of energy
distribution N(E,) of the electrons emerging from a sample and for the ease of
identifying the Auger peaks one resorts to electronic differentiation of N(E.). A
CMA system essentially consists of a pair of coaxial cylinders of which the inner
one is grounded and the outer one is given a negative potential-¢. The electrons
originating from a sample placed on the axis of the cylinders pass through an
entrance aperture to enter the field region, which is the annular region between the
cylinders. Depending on the entrance angle 6, the electron energy E., and the.
voltage ¢ only certain electron pass through the exit aperture and are intercepted by
the detector. A schematic diagram jllustrating the parameters is given in Fig. 1(a).

Detailed analysis of electron trajectories for this system have been published2.
In addition, the usage of this system for studying Auger spectra has also been
published?, as also some of the factors that influence the Auger peak positions and
profile shapes*’>®, In ref. 4 the consequences of sample positioning (relative to single
stage CMA) on the signal intensity and energy shifts etc. have been discussed, whereas
effects of CMA design distortions—departure from coaxiality, source size etc—have
been analysed inref. 5. The implications of using modulation technique to obtain
N'(E.) electronically have been analysed by several authors and the latest work is
due to Anthony and Seah®. Thus a lot of ground has been covered in the literature
regarding CMA systems. However, the primary resolution function of this analyser
has not been discussed adequately. This short note is an attempt to fill this gap.
We recall the basic equations of a CMA in the next section and then proceed to a
calculation of the resolution function. This is used to provide and understanding
of typical line shapes seen in the Auger spectra. Our conclusions are summarised
in the last section.

2. REsoLuTiON FUNCTION OF A CMA

The basic equations of an electron moving in a CMA system are very well discussed.
by Sar-el'. Basically one writes the lagrangian equations of motion in cylindrical
polar coordinates (r,8, z), and upon eliminating time one gets the trajectory equation.
It can be shown! that the distance Z between the source S, of electrons and its image
I—located on the common axis of the cylinders, see Fig. 1(a)—is given by

k
Z = 2acot 6 {1 + Kexp(K?2) g exp (—u?/2) du} . ..(D

*Paper presented at the Symposium on Physics and Chemistry of Surfaces held at INSA, New Delhi
from September 28-30, 1984.
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FiG. 1: (a) Schematic diagram for a CMA showing the clectron trajectories starting from the
source S to the image 1.
(b) Calculated resolusion function g(e) for the CMA depicted in fig. (a).

where
K% = 2¢sin? 0, e = {E./$} log (b/a) -.(2)

Here a and b are radii of the inner and the outer cylinders, E, is the electron
kinetic energy, —¢ is the potential on the outer cylinder; and 6 is angle at which
electron enters the field region. In Fig. 1(a) we have also indicated the dimensions
of an analyzer in use in our laboratory. As is clear from equation (1) Zis a func-
tion of ¢ and 8 and as such it defines a surface. The range for angle 6(8, € 8 «C 8,)
is, of course, determined not only by analyser dimensions but also by location of S.
Let us consider a polyenergetic, isotrapic source of electrons [Fig. 1(a)] and focus
attention on the electrons emanating from S entering the field between 6 andé + A 0.



288 V C SAHNI

For simplicity we will ignore any work function corrections to electron energies.
Imagine an appropriate cylindrical strip on the inner cylinder through which these
electrons pass. One can show that the solid angle subtended by this strip varies
with 6 as

f(®) = sin 8 -.(3)
In actual working, one usually intercepts the electrons arriving at I by an
electron multiplier which has a finite size. This amounts to the fact that those
electrons for which Z lies in a range [Z,, Z,] all contribute to the signal. We may,
therefore, define a characteristic function g(e) for a CMA through a conditional
integral
g(e) = I f(6) db - (4)
Z, < Z(e,0) < 2
The function g(e) contains the complete instrument response, and plays the
role of resolution function as discussed below.

It is easy to numerically calculate g(e) once all the parameters are specified and
Fig. 1(b) shows the results for CMA of Fig. 1(a). We may point out that if sample
position is changed there is a change in [6,, §,] and [Z;, Z,] and a consequent change
in g(e). 1t is this change in g(e), which manifests as peak position shift and peak
height change observed in ref. 4.

In actual experiments the signal is measured by varying ¢ and so that quantity
of interest is

1) = O{:g(cE,/g{») N(E) dE., ¢ — log(b/a)

or 1) = (/) :f 2(x) N(xglc) dx (5

Since the signal recording is usually done through electronic differentiation
using a modulation voltage u sin wt and a lock in amplifier one must find the term
proportional to psin wtin J(¢ + psin wt). This quantity can be readily shown
to be

x sin wil(1/c) {;” g(x) N(xlc) dx + ($/c) f: 2(x) N'(x$lc) (xfe) dx]  ...(6)

It follows from (6) that if g(¢) is replaced by a Dirac delta function we obtain
the usual expression given in the literature’. However, it isclear that for any
detailed analysis of Auger profiles, the shape of resolution function must be included
in the discussion.

We might also point in the end a general feature of the resolution function viz.
the rise on low energy side is slower compared to fall on the higher energy side
(see Fig. 1(b)). This feature is responsible for the longer excursion seen in the peak
to peak amplitude on the high energy side, in the usual derivative spectra recorded
with CMA"s.
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3. SuMMARY AND CONCLUSIONS

We have outlined a way to calculate the resolution function for a CMA and
and pointed out how it affects the shapes of Auger spectra recorded using CMA.
Detailed account will be published later.
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