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Introduction

In the Mass spectrometry, chromatography and ion physics laboratory, a thermal ionization mass spectrometer was designed and built. It is a single focussing instrument with a stigmatic magnetic sector analyzer. The block diagram of the apparatus is shown below:
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Figure 1: Block diagram of the mass spectrometer

The automation of the instrument concerns the scanning of the mass spectrum, commands for the range and gain of the electrometer, data acquisition, and data processing. 

The spectrometer was built with a single collector system and a secondary electron multiplier. As we have to perform isotopic analysis of uranium, the masses we are interested in are 235 and 238. If we would use a continuous scan of the mass spectrum, we should scan a large mass interval 234.5 .. 238.5. This means that there should be an important delay between the collection of the 235U isotope and the collection of the 238U isotope. Fluctuations of the electric parameters, and/or of the thermal conditions in the ion source could appear in this interval and produce important alteration of the analysis accuracy. To minimize these inconvenients, we perform a magnetic scanning only over a mass peak, afterwards we realize a "jump" to the other peak modifying the energy of the ions in the ion source and perform a magnetic scanning between the same limits but in the reverse direction. The electrometer gain is commuted to the right value to ensure detection sensitivity. The "zero level" and the amplitude of the ion signal are detected and the amplitude of the ion peak is registered.

The entire process is monitored by a PC computer equipped with an acquisition board. An interface was designed and realized, to control the electrometer gain and sensitivity and to commute the high voltage supplied to the ion source.

The command interface

The parallel port LPT1 is used to transmit commands from the PC to the mass spectrometer. A "data" octet is used on this purpose. The bits 1 .. 3 are acting on the electrometer "range", the bits 4 ..6 are used to set the electrometer gain and the 7th bit commutes the high tension supplied to the ion source. Table 1 shows the signification of each bit in the data octet. 

Setting the bit 0 .. 5 on "0" makes its significance active. "1" of the bit D6 sets the high tension supplied to the ion source to the value fitted for the collection of the 238U ion current. "0" on this bit brings the 235U ion to the collector.

The electrometer was designed as a modular structure in what concerns the measuring range and gain command. The command schema is a three states bistable corresponding to the three measuring ranges, respectively gains. It is made-up with a MOS 40107 circuit, gate and NOT, with two entries, open collector type. 

Table 1. 

The command byte

Bit
Pin



D0
1
10-6A
Electrometer range

D1
2
10-8A


D2
3
10-10A


D3
4
x 1
Electrometer gain

D4
5
x 10


D5
6
x 100


D6
7
selection of the high tension

D7
8
not used

The activation is achieved by a push button from the front panel. The circuit commutes in the new state, which remains memorized and is shown by a LED on the front panel. The command from the PC is connected in parallel with the push button. The command interface is made-up also with the MOS 40107 circuit. Thus, it is possible to send commands for the commutation of the range and/or the gain either manually from the front panel or from the computer.

The high voltage unit of the mass spectrometer contains two independent high voltage supplies. These allow preselecting two independent values for the ion accelerating voltage. A set of relays commutes one or the other preselected voltage to the output of the high voltage unit.

The electrical schema of the command interface is shown in figure 2 and figure 3.

The scanning of the magnetic field in the analyzer is performed via a 12 bits digital analog converter placed on the acquisition board. One command digit corresponds approximately to 2 Gs. As this scanning resolution is too rough, the two excitation coils of the analyzer magnet were separated. One coil is supplied with 10 A. constant CC, the other one is excited by a CC power supply controlled by the digital analog converter. Thus, the scanning resolution is better then 1Gs/digit


The software interface

A software application, which controls the analytical process, was written. It offers dialog boxes to supply the main parameters like the sample name, the electrometer gain for each ion current, the magnetic induction in the analyzer. A very friendly graphical interface allows the focusing of the spectrometer. During the analysis, the peak amplitude is graphically represented on the display. The program takes into account the fluctuation influence of the ion current intensity, the mass discrimination in the ion source and achieves a statistical treatment of the measured isotopic ratios.


Conclusions

With very few hard modifications, it was possible to achieve a quasi-complete automation of the thermal ionization mass spectrometer. 

Many other "old generation" mass spectrometers with high ion optics characteristics could be updated in this way.

The scanning method allow peak acquisition in a relatively sort time, improving thus the accuracy of the apparatus.
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