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INTRODUCTORY


Some general considerations are available from the literature about the stabilities of the electronic units of the time-of-flight mass spectrometers [1]. There are many possible alterations of the voltages and pulses  applied to the electrodes of the ion source as well as of the electrostatic mirror and of the postaccelerating electrodes. The possible alterations of the electric parameters were examined and their effect on the mass resolution estimated. A first class of such parameters were those regarding the ion source. First the effect of  a deviation from the correct value of the ratio of the extracting  voltage to the total acceleration voltage in a space focusing instrument was determined. The influence of the instabilities of the voltage applied to such a reflectron on the instrument resolution was calculated. Based on these results the performances of the instruments were correlated with those of the electronic units. Also some improvements are suggested.

PARABOLIC POTENTIAL TIME-OF-FLIGHT MASS SPECTROMETERS 

THE ION EXTRACTING FIELD IN THE ION SOURCE
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(Figure 1)


Generally the ion sources are working in a uniform field regime during the accumulation of the ions. When the fields inside the extracting region becomes different from that in the accelerating part the temporal space focusing point a defocusing will be induced for the ions created at different depth inside the ionization region. The resulted flight time difference must be added to that of the initial length of the ion packet. The additional length  dt of the ion packet depends on the ratio of the fields inside the two regions E2​/E1 (assumed to be constant during ion extraction) as well as the spatial extent according to the formula:

dt = s(E2/E1-1)[d2/d + (d/d1)1/2-1]/v

where s is the depth of the extraction region while v is the final velocity of the ions of mass m, 

d =d1+d2
This formula allows us also to determine the effect of the ondulations of the voltage applied to the extracting electrode. Therefore, if the broom voltage period is smaller than the extraction time length for E1 we must use the average value.


THE FRONTS OF THE EXTRACTING POTENTIAL PULSE


During the central ion source electrode voltage increase till the nominal extracting potential value, the ions will be submited to fields differing from that which ensures the correct longitudinal focusing in the longitudinal space focus. If T is the time of the extracting field increase from zero to the correct value, E, then the flight time tt of an ion extracted in this manner to the longitudinal focusing point results to be:

tt = [T + (T2 + 4F)1/2 ]/2  + (4md)/(T2+4F)1/2
where


F = (2m/eE)(d + s) - T2/3

In this way the ion packet will be lengthened with respect to the ideal value by dt:

dt  = sT2(eE/2md)1/2/(24d)


FOCUSING LENS


The instability of the voltage applied to the transversal focusing lens located on the entry aperture of the analyzer changes the ion packet final dimensions by the radial transversal extension at the entry, normally to the flight direction. Let consider an unipotential lens of focal length f, located in such a manner that the focus coincides with the longitudinal focusing point. The increase of the transversal dimension dD is proportional to the initial diaqmeter so:

dD = sodf/f = so dV/V

then proportional to the relative variations of the voltage applied to the focusing lens.


ELECTROSTATIC MIRROR POTENTIAL


A stable voltage, having a wrong value, between some limits can act on the packet lenth only by the mixt terms resulting by combining the effect of the incorrect field with the position with respect the axis at the entry into the mirror.

If the voltage applied to the mirror electrodes has a sinusoidal component of small amplitude:

E= Eexact(1 + a cos pt)

then finally it results a time difference for the ions formed at different distances inside the ion source and which enter at different phases in the mirror:

dt = 4Na(2q2-p2)/[p(4q2-p2)]sin(p/2q) where the following symbols were used:

N number of double relections inside the mirror, q = (eG/m)1/2, G the gradient of the mirror gradient.


NUMERICAL ESTIMATIONS


The following numerical values refer to an instrument of parabolic potential type of 1400 mm length. If the ionization region extends over s = 1.5 mm depth, the extracting field over d1 = 3 mm, while the acceleration happens over the distance d2 = 19 mm, for ions of 1 keV energie and mass 100 u, for an imprecision of 1% for the ratio of the two fields it results an aditional scattering of the ion packet of about 1 ns, which reduces the resolution to 2440 (if in the absence of this error the resolution would be 2700).

For a 10 ns impulse increasing time an additional lenghtenning of 0.284 ns results the influence on the resolution being small, reduced to 2610.

An 1 % instability of the focusing lens voltage, for an ion packet lenth of 5 mm transversal extension at the limit of the analyzer will induce a transversal dimension increase of the packet of 0.05 mm involving a resolution decrease to 2376.

If on the mirror electrodes we apply a voltage with a sinusoidal component superimposed over the continuous voltage, having a frequency of 1.6x104 Hz the resulted lengthenning of the packet will be of 4.6x10-5 a, that is for a = 10-3 of 4.6x10-8s, inducing a resolution decrease to 415.

HOMOGENEOUS ELECTRIC FIELD MIRROR TIME OF FLIGHT MASS SPECTROMETERS
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(Figure 2)


For the homogeneous electric field mirror time of flight mass spectrometers the tolerances to be enforced on electronic supplies can be correlated with the mass resolution. Variations in the ion accelerating voltages of  (Vac, induce an additional ion packet energy spread of e(Vac/U which is however compensated in a first order approximation. For single stage mirror mass spectrometers the stability must be better than 1/(2R)1/2 where R is the expected instrument mass resolution. Then for a desired resolution of 500 a stability of the accelerating voltage of better than 3.2x10-2 is already satisfactory. However for second order energy focusing time of flight mass spectrometers results from the ratio 1/(2R)3/2 which indicates a stability of 1.1x10-5 for a 1000 mass resolution.


The mirror must be fed by a voltage of stability better than 1/(2R) that means 10-3 for the first, 5x10-4 for the second case. Other calculations state more rigurous conditions for stability: two orders of magnitude better than the inverse of resolution, or 2x10-5 for the first and 10-5 for the second case.


CONCLUSIONS


Based on the above presented formulas and calculations the stabilities of the electronic units of the time of flight mass spectrometers can be predicted.
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