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The logarithmic main path cylindrical condenser can be used as time-of-flight mass analyzer. To describe
its flight-time properties the transfer matrix elements up to second order were derived. The such com-
pleted logarithmic main path condenser transfer matrix allows the determination of the configurations
of the time-of-flight mass spectrometers ensuring energy focusing or initial velocity focusing by delayed
extraction, while the ion packet is drastically compressed along its path.
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1. Introduction

The transversal focusing of the ions inside an electrostatic field
created by two cylindrical electrodes with logarithmic spiral cross-
sections was discussed in [1] and [2] at a second order accuracy
level. Such condensers can serve to compress radially broad ion
beams or packets as it is useful to focus ions resulted from cosmic
dust impact on large sensitive areas [3]. Below, the time-of-flight,
longitudinal, matrix elements are given for acomplete second order
matrix description of the spiral main path condenser ion optics
(completing a matrix like that given in Table 1 of [4]).

2. Method

The derivations of the flight time followed the general trend of
the calculations pursued in [4]. The flight time of an arbitrary ion,
t, of velocity v, through the condenser is
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The involved symbols are as follows ¢ angle of the deflecting sector
(Fig. 1), ds ion path element, r, 6, z cylindrical coordinates, “prime”
means derivation with respect to 6, index “zero” refers to the main
path ion, lp/vg being its flight time through the condenser.

Before to proceed to the integration, the following substitutions
were made:
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(a) r =Rexp(ub) —y with y = XD;S; + XD S;Sy taken from [1]
where §; are the following small quantities: y distance, « angle,
é relative energy deviation (in the deflection plane), 8 angle off
median plane, all related to the main path ion trajectory.

D; and Dj, were taken from [1] except Dss with its corrected

value given in the attached errata.

(b) ' and Z resulted by simple derivation of the expressions of r
and z = XD;S;

(©) v=vo/([1+ /(1 + p2))(6 — In(r/RYD/(1 + y) with

|l = (mov(z)/e|Eo|R)—1 Ey being the radial electrostatic

field at r=R, y the relative mass deviation.

These substitutions performed, the expression under integral
has been developed in series after the small quantities y/R, «, 6, y,
z/R and B involved, only terms small of second order being retained.

3. Time-of-flight transfer matrix elements
After integration we obtain with a second order accuracy:
I'=1o + (1/D)S; + (I/ik)Sjk (2)

The following S;, Sj flight-time matrix elements resulted:
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At the exit:
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Not explicitly mentioned matrix elements vanish.
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with c=cos(kg), s=sin(ke), k=(8 — u2)12/2 if u <2(2)112,
Correction for oblique ion entry and exit at the electric field
effective boundary is provided by the following transfer matrix ele-
ments to be added to those for y and z in the fringing fields given
in[1].
At the entry

Bn ()% ()5 G oo

4. Checking expressions for the limiting case ;£ =0

The above matrix elements transform into those for the usual
circular cylinder condenser at the limit for x4 — 0. The matrix ele-
ments thus resulted were checked against those for cylindrical
condensers coming from the results of Ref. [5] corroborated with
those of [6] and [7].
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Fig. 1. Basic parameters defining the geometry of a time-of-flight mass spectrome-
ter with spiral main path cylindrical deflector analyzer.

5. Application

The spiral main path condenser offers to the designer a supple-
mentary parameter p, compared to the circular cylindrical plate
condenser.

The resolution of the simplest configuration of time-of-flight
mass spectrometer which includes a spiral main path condenser
for energy spread dominated ion packets has been determined. By
using the field-free space time-of-flight matrix elements of [4] the
mass resolution 9, takes the form:

_ Ay
- 2(As + Asé + )»5582)

The meanings of the involved symbols are as follows: A, = 19Ty,
Ty the total flight time of the reference ion, A the ion packet length
at the source exit, A5, Ass the energy relative spread aberration
coefficient of first and second order respectively. Other aberrations,
including turn around time, were neglected. The ion packet width
w at the detector is

% (20)

W = Ayws + 2A40s (21)

where the index “s” means quantity at the source grid.

We consider the spiral cylinder time-of-flight mass spectrom-
eter geometry having ¢=120°, t=—-1.11542, [; =0.92R, [, =103R,
Ay=1.7308R, 15=0, 155 =0.1492R. It is equivalent as resolution with
a homogeneous electric field single stage reflectron if L=0.8654R.
For the reflectron As5 =0.25L, where L is the total ion field free path
in the reflectron. The spiral cylinder compresses radially the ion
packets to about a third the width at the source Ay =—0.3397 while
for the reflectron Ay =1.

A spiral main path TOF with ¢=120° but with p=-1.43986,
I; =0.8R and I, =1.87 x 10—3R focuses at second order in energy

spread i.e., has A5=As5=0 and compresses to about 1/4 the ini-
tial width (Ay=-0.2612). It is to be compared to a two stage
reflectron, also second order energy focusing, with say a velocity
ratio 1/61/2 (remaining part from vg at the reflectron intermediate
grid after deceleration (see [8] for instance)). We expect to obtain
the same resolution for the spiral cylinder and the reflectron if
R=1.13172L. The distance r at the exit of the condenser is rather
small 5.586 x 10~2L.

To velocity focus ions emitted from equipotential surfaces, a
large variety of spiral cylinder geometries can be selected for
delayed extraction operation. However, the As=0 configurations
are excluded because the time lag becomes then infinite.

This kind of time-of-flight mass spectrometer has the following
advantages: The absence of the two grids to be twice traversed by
ions, compared with the two stage mirror, with at least 35% losses.
Compact geometry compressing laterally the ion packets delivered
from a wide ionization region, an alternative solution to the use of
a cylindrical mirror [9].

6. Conclusions

The second order transfer matrix of the logarithmic spiral elec-
trode condenser has been completed with the row of time-of-flight
elements for the main field part as well as with the entry and exition
path portions. Some advantages of the additional parameter p can
be capitalized as saving ion loss on grids and the lateral compres-
sion of the ion packets coming from large ion generating surfaces.
These spiral cylinder TOF spectrometer can be an alternative of the
cylindrical reflectron structures, a solution to concentrate negative
ions generated in gas phase to small spots

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ijms.2009.12.004.
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