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A novel method for the calculation of the potential distribution in a mass spectrometer source is
presented. It consists in solving a Green integral equation and applies both to the FI and EI mode

of a CEC 21-110 C mass spectrometer source.

Introduction

Since the advent of field ionisation mass spectro-
metry (FIMS) 2, field ionisation kinetic (FIK)
measurements have become very important for the
calculation of rate constants. This was recently re-
viewed 3. For the calculation of the experimental
rate constant? the exact knowledge of the electro-
static field between the razor blade anode and the
cathode in the FI source of a commercial EI/FI
mass spectrometer is required. Up to now all cal-
culation methods ® were based on the approximation
of the razor blade geometry by a parabolic cylinder,
except that based on linear overrelaxation °.

This paper presents a novel and elegant calcula-
tion method of the potential distribution within the
FI source, solving a Green integral equation. The
method is based on the experimental geometry and
is easily fitted into a computer program.

The same method was also used to calculate the
potential distribution in the electron ionization (EI)
mode, again taking into account real conditions of
geometry and of potentials in the ionization chamber.

A) Theory

Electrostatic and electromagnetic field problems
can numerically be solved making use of integral
equations, especially when the geometry is of great
importance, as shown by De Mey in the case of the
field problem of a Hall 7 ? generator.

In many cases linear problems which can be
described by partial differential equations with spe-
cific boundary conditions may also be described by
an equivalent integral equation. The only condition
is that a particular solution of the partial differential
equation is known, the so called “Green’s function™.
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The Green’s function of the Laplacian for an in-
finite two dimensional system is given by 8
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Accordingly, the potential in a point 7 within a finite
two dimensional system delineated by a contour is
given by a linear combination of Green’s functions,

with all 7; belonging to the contour:
U = (jﬁ 0(F)In 1o dCi.  (2)
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As boundary conditions for this problem should
be taken the potentials U,y(7) in each point of the
circumscribed contour: 7€ C. This contour may be
of any whimsical shape on condition that it be
closed and that the interval between two different
points (and potentials) can analytically be described.
Application of the same solution to the points of
the contour themselves results in an integral equa-

tion with o (7) as unknown function:
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For the numerical solution of the linear integral
equation the contour C is divided into n intervals
AC. For each of these the function o(7) is approxi-
mated by an unknown ;. For each point 7 belong-
ing to the contour, Eq. (3) transforms to
U=t S ofln b dc (&)
o) = ey 22 % 177 4
in which 7 is taken at the center of each interval AC.
A set of linear equations results. This can be written
in matrix form: [U,] = [4][0], from which [o] is
calculated using the elimination method of Gauss®.

The calculational method outlined above will now
be applied to the description of the combined EI/FI
source of a CEC 21-110 C mass spectrometer.

@NOIS)

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu erméglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fiir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fur Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



J. P.R. Feys et al. -+ A Commercial EI/FI Source of a Mass Spectrometer 769

B) Calculation of the Potential Distribution
in Fi Mode between Razor Blade Anode and
Cathode

To start with, in Fig. 1 a closed contour is pre-
sented, delineated by 10 points (0 to 9). To each of

Table 1. Data for the calculation of the y potential gradient
in FI mode.

the points 1 to 9 is linked a potential Uy(7) that
was measured accurately and given to the computer
together with the coordinates X; and Y; and the
number n of intervals A4C between two subsequent
points (see Table 1). The potentials in the center of
each segment AC of the contour from pt. 4 to pt. 5
were found by linear interpolation between the
anode- and the cathodepotential. The potential in
point 0, the origin of the coordinate system, is one

Pt. Xi Y; U, (7 :
" (unit=0.05 mm) (\}’)( ) of the potentials to be calculated.
Once matrix [0] is known {rom these data, the
1 30 0.0 13.6 8000 potential in each point of the two dimensional sys-
2 15 0.2 15.0 8000 b Teulated st B 0 2). Th )
3 5 1.0 20.6 8000 tem can be calculated using Equation (2). The sym-
4 25 1.0 25.6 8000 metry plane through the y axis is taken into account.
g gg 1gg gg :%ggg In order to achieve a sufficient spatial resolution
7 30 3.3 8.6 1500 two more contours are generated as presented in
8 15 3.3 g&} —1500 Figs. 2 and 3, concentrating closer to the razor blade
i 28 " s 10 tip. From a former contour the program calculates
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Fig. 1. Closed contour for the roughest potential calculation along the
y axis in FI mode. X and Y in arbitrary units, used throughout in Figs.
2 and 3. — The outline a includes pt. 1 and refers to Figure 2.

Fig. 2. Closed contour for the first refined
potential calculation. — The outline a in-
cludes pt. 1 and refers to Figure 3.
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Fig. 3. Closed contour for the narrowest potential calcula-
tion. — Taking into account the real curvature at the tip of

the edge the coordinates X;, Y; are to be translated to
X, Yi.

the potentials in the defining points of the next con-
tour. The final spatial resolution attains 50 A.

Results

We have used a Siemens 4004 computer with
cycle time 165-107 % sec/4 bytes. Due to the severe
needs of spatial resolution a large matrix [A] is
required. However, the larger the matrix [A] the
longer the runtime of the computer program. With
a 40 x 40 matrix, less than 50 K memory and only
4.4 sec of runtime are needed, but with a 200 % 200
matrix, less than 180 K memory and about 250 sec
of runtime are needed. The results are presented in
Fig. 4 for the following instrument settings: anode

+8000 V, cathode — 1500V, focus +5000 V.
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Fig. 4. Potential distribution resulting from the roughest cal-
culation. — Resolution: 0.1:10—2 mm.

Only the calculation of the potential distribution
along the y axis (X =0) is presented although it is
trivial that the potential distribution in each direc-
tion of the two dimensional system could be found.
It is seen that at 251072 mm, the distance from the
edge to the cathode slit, the potential is not zero and
thus penetrates beyond the cathode slit.

The detailed listing of the calculational results as
they are obtained step by step is given in Table 2.

The curve in Fig. 5 represents about fifty calcu-
lated points. The inset of the figure shows the first
ten points (0—500 A). The potential gradient
doesn’t diverge to infinity as the distance to the edge

Table 2. The groups of calculated points along the y axis.

Number Spatial Distance to the edge
of points resolution (A) (in y coord)

10 50 Y = 0.001

20 100 Y = 0.005

10 250 Y = 0.01

45 1-103 Y =0.1

95 1-10¢ Y =2.0

30 5-10% ¥ =50
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Fig. 5. Potential distribution resulting from the narrower
calculation. — Resolution: 250 A. The inset shows the first
10 calculated points. — Resolution: 50 A.

approaches O because of the real geometry of the
razor blade, which was taken as a basis, as sug-
gested in the Fig. 3, with a radius of curvature of
500 A, after Robertson and Viney 5.

C) Calculation of the Potential Distribution
in FI Mode beyond the Cathode

All other calculating methods for the estimation
of the potential distribution between anode and cath-
ode cannot be applied for calculating the distribu-
tion beyond the cathode. Generally the potential
decay is supposed to be that of a plane condensor.

Only the method of linear overrelaxation allows
determination of the potential in any point beyond
the cathode. The present method of solving a Green
integral equation also allows an accurate determina-
tion.

The computer again is given the accurately mea-
sured potentials in the points 1 to 21 and the co-

yid!

ordinates of 22 points (0 to 21) which are shown in
Figure 6.

Simultaneously the numbers n of partitions AC
between two subsequent points are introduced (see
Table 3). The contour between points 1 and 2 is
divided into 7 partitions 4C. Resulting from the
preceeding part the potential is known to penetrate
through the cathode slit. Therefore, the potential in
the center of each AC (between pt. 1 and pt. 2) is

to be previously calculated from the former part.

Results

As there are no special needs of spatial resolution
in this part of the potential calculation, a 137 x 137
matrix has been used resulting in a CPU-time of
about 100 sec. The calculated potential distribution
throughout the source in the y direction is presented
in Figure 7.
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Fig. 6. The contour shape for the potential calculation along
the y axis in FI mode beyond the slit cathode; it is closed
by connecting the points 1 to 0 through 2, 3, ...
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Fig. 7. Calculated potential distribution along the y axis in
FI mode beyond the slit cathode; the position of the cathode
slit, the focus plates, and the exit slit are at ¢, f and e,
respectively.
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Fig. 8. The dimensions of the EI/FI source of the CEC

21-110 C mass spectrometer. — All dimensions are expressed
in mm.

Table 3. Data for the calculation of the potential distribution

beyond the cathode in FI mode.

Pt. n X; Yi U,(T)
(unit = 0.5 mm) V)
1 7 0.0 27.84 to be
calculated
2 7 0.33 27.84 —1500
3 8 0.33 26.98 —1500
4 10 2.00 26.98 —1500
5 3 30.00 26.98 —1500
6 10 30.00 19.98 +5000
7 6 2.00 19.98 +5000
8 9 0.71 19.98 +5000
9 6 0.71 18.96 +5000
10 10 2.00 18.96 +5000
11 5 30.00 18.96 +5000
12 10 30.00 7.14 0
13 4 3.00 7.14 0
14 7 1.90 7.14 0
15 4 1.90 6.08 0
16 10 3.00 6.08 0
17 2 30.00 6.08 0
18 10 30.00 1.50 0
19 4 2.00 1.50 0
20 3 0.30 1.50 0
21 2 0.30 0.00 0

Table 4. Data for the calculation of the potential distribu-
tion in EI mode. * Cfr. Table 5, first row.

Pt. n X Y; U, () *
(mm) (mm) W)
1 2 0.00 16.16 8000
2 3 0.05 17.00 8000
3 3 0.05 17.92 8000
4 7 0.05 19.68 8000
5 2 6.00 19.68 8000
6 4 6.00 17.92 8087
7 4 2.51 17.92 8087
8 4 2:51 16.16 8087
9 5 4.00 16.16 8087
10 2 9.00 16.16 8087
11 2 9.00 17.40 8087
12 5 10.25 17.40 8000
13 2 10.25 11.76 8000
14 9 10.25 10.88 8000
15 3 1.00 10.88 8000
16 3 0.16 10.88 8000
17 3 0.16 10.45 8000
18 12 1.00 10.45 8000
19 3 13.00 10.45 8000
20 12 13.00 6.95 7242
21 3 1.00 6.95 7242
22 3 0:35 6.95 7242
23 3 0.35 6.44 7242
24 12 1.00 6.44 7242
25 6 13.00 6.44 7242
26 11 13.00 0.53 0
27 2 1.45 0.53 0
28 4 1.45 0.00 0
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It may be concluded that a linear decay can be a
sufficient approximation for the region beyond the
cathode (c) to the focus (f) and for the region be-
tween focus and exit slits (e).

D) Calculation of the Potential Distribution
in the EI Mode

Calculation of flight times of metastable ions
produced by EI as a function of the applied draw-
out voltage was a method for determination of rate
constants proposed by Momigny 1°. A more general

Table 5. Experimental volt-

Bloc Repeller  Focus ages used in the potential
V) V) V) calculations shown in Fig-
ure 10.
8000 8087 7242
7000 7075 6375
6000 6062 5464
5000 5053 4553
4000 4043 3644
3000 3032 2728
2000 2022 1817
Y
20 8000 V 5
4
18 7 6
3 1" 12
8087 V l
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Fig. 9. Closed contour for the potential calculation along the
y axis in EI mode taking into account the real geometry of
the CEC source shown in Figure 8. — X and Y in arbitrary
units.
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Fig. 10. Potential distribution along the y axis in EI mode
for the experimental potential values from Table 5.
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method was presented by Hills et al!'. Following
this paper a CEC 21-110 mass spectrometer can be
divided into several parts. The flight times in each
part can easily be estimated if the potential distri-
bution in the EI source is accurately known. Calcu-
lation of rate constants from experimental ion abun-
dances will be described in a next paper.

For calculation of the potential distribution in the
EI source the preceeding method of solving a Green
integral equation may again be applied. Now we
need the exact knowledge of the dimensions of each
part within the ionization chamber of the EI source.
These are presented in the Fig. 8 and are partly
taken from the literature 2.
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Fig. 11. Potential distribution along the

:L(t;:) y axis in EI mode, up to the first slit,
i for different repeller settings.
v rep.=6530 V
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The Fig. 9 shows half the contour from which the
coordinates of 29 points (0 to 28) are defined and
given to the computer, together with the numbers n
of partitions between two subsequent points which
define each interval AC (see Table 4).

It is well known that the setting of the potentials
of each element of the source is critical to the ex-
perimental ion abundances. Therefore it is impor-
tant that these potentials should be registered after
each measurement. Potentials between pts 13 — 14,
19 — 20 and 25 — 26 are supposed to behave as be-
tween the parallel plates of a plane condensor.

Results

There is no severe need for spatial resolution. The
computer calculates 155 points each at 0.1 mm in-
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