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Introduction
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The detection of the fragments resulted from collisions of high energy multiply charged ions is connected with the extraction of the analysed charged particles from an increased volume. This implies some specific conditions concerning the time-focusing conditions. Therefore some modifications can be included in the design of the time-of-flight mass spectrometer constructed for fullerene ion detection. The ion source (Fig. 1) was adapted to accomodate the high energy ion beam. The structure of the ion extracting electrode system was redesigned with this purpose. Appropriate diameter opennings were provided to obtain the desired reacting gas throughput. The eflectron was adapted to the deeper analysed ion forming region. With this purpose the system was recalculated for second order focusing conditions. A solution was found accounting for the insertion of an additional grid in the former reflectron design. To obtain the best configuration, with a minimal modification of the field free spaces and ato locate the detector closely to its initial position a detailed ion optical study of the time focusing conditions was worked out. Other possible improvements are outlined.


The time-of-flight mass spectrometer for fullerene and recoil ions was already described briefly in the preceding of the PIM conference series [1]. The basic geometric parameters to remember are:

- The extracting field is established in a region of 16.7 mm depth.

- The incidence angle of the ion packet axis to the electric field limit is of 2 degrees. 

- The total length of the field-free path is 2360 mm. This distance was established for the original design intended to ensure an energy focusing in time of first order. The use of this instrument to detect fragments from multicharged ion collisions implies more harsh focusing conditions for the ions of different energies as the space region producing ions to be analyzed is deeper.


This kind of focusing problems are solved by including two stage mirrors inside the time-of-flight mass spectrometer. The second order focusing in time for ions gaining different energies inside the source is obtained if a number of conditions, geometric as well as electric, are satisfied. The ratio of the electric fields inside the second stage E2 and inside the first stage E1 respectively must satisfy the following relationship:

E2/E1 = (1 - 3p2)/{(1-p2)(1-p + p3ds/d1)}

Here besides E2 and E1 the following symbols were used:

p = (Ur/U)1/2 is a parameter connecting the ion energy in the field free space U to its energy at the boundary of the second stage Ur, with Ur = U - eE1d1 where the ion of charge e penetrated through the first stage of depth d1. ds is the depth of the ion extracting region, identical in this case of a single stage ion source, with the accelerating field extent. 


The field free space of length L, needed to ensure second order energy focusing in time is given by the expression:

L = 2[2d1 + ds(1 - p2)]/(1 - 3p2)

The mass dispersion in time of the mass spectrometer Dg, is given by the formula:

Dg = (L/v)(1 - p2)

while the third order aberration can be written as:

Ab = (1 - p2)/(8p2)(L/v)(eEss +mvzo2/2)3/U3

Based on the knowledge of the above quoted parameters and these formulas a solution to switch from first ordr energy focusing in time to second order focusing of this kind was devised.


The first criterion in searching the appropriate solution was to be so selected to need the smallest number of changes in design. So it was decided to try the position of the ion source and of the detector, both unchanged, keeping in this way the field free space length also unmodified.


To determine the position where a second grid must be inserted calculations were made:


The second grid can be inserted between two consecutive rings of the mirror (Fig. 2) As the width of a ring is 20 mm, this is the step we can increase the distance of the first stage depth.
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Assuming ds = 16.7 mm and L = 2360 mm, the other parameters were calculated for various positions of the intermediate grid. To see the depth where the second grid must be located inside the 640 mm long (32 ring) original mirror, the second stage depth was calculated for each case. The second stage depth dr was calculated with the expression:

dr/d1 = p2/(E2/E1)

which results from the definition of p.


The variation of the first stage depth as function of the parameter p ensuring the second order energy focusing in time, keeping the old value for L, is represented in Fig. 3.


As function of the same parameter is given the reference ion velocity-flight time product in another figure (Fig. 4).


The third order aberration coefficient variation is presented in Fig. 5.


The depth of the second stage is illustrated in Fig. 6.


The third order aberration coefficient increases monotonically with the depth of the first stage. Accounting for this reason the grid must be placed closer to the mirror's entry limit.


To not allow field penetration through meshes to deformate the stage structure itself, the second grid must be inserted not to close to the entry limit. So it was decided to insert it at 120 mm from the entry face of the mirror. For this geometry the value of the parameter p is 0.511914, the aberration coefficient 831 and the depth of the second stage 17.976 mm.
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Figure 1. The ion source








Figure 3.





Figure 4.





Figure 5





Figure 6
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