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Abstract – We have carried out a series of experi-

ments in which we used both a magnetic mass-

separator and a time-of-flight (TOF) analyzer for 

ion mass spectra determination. The TOF analyzer 

is of more-or-less conventional design and is a de-

tachable device that provides rapid analysis of 

charge-to-mass composition of moderate energy 

ion beams. The magnetic analyzer is a massive de-

vice using a 90° sector analysis magnet with radius 

of the central orbit 35 cm. It is common for ion-

beam-based fields of research and industry that 

magnetic analysis is used for ion species separation. 

For ion beam characterization the bending magnet 

has also preference to alternative methods, on the 

assumption that magnetic analysis is more reliable 

and accurate. A significant result of this work is 

that, for the same experimental conditions, the 

mass spectra results obtained using the magnetic 

mass-separator and the time-of-flight analyzer are 

in good agreement  

1. Introduction 

Ion beams in the energy range of about 5 to 100 keV 

are widely used both for fundamental studies and for a 

variety of technological applications [1, 2]. Magnetic 

spectrometry [3] is often used for measuring the mass-

to-charge (M/q) composition of such beams. The 

method is based on the deflection of ions in a trans-

verse magnetic field and has high resolution and rea-

sonable sensitivity. In this approach, the bending 

magnet serves for ion beam mass-to-charge separa-

tion. It is possible to analyze the whole ion beam and 

to obtain quantitative current fractions for each ion 

beam component. On the other hand the method is 

rather elaborate, consumes significant electrical 

power, and it is not low cost. For many situations that 

need fast analysis of the ion beam composition, mag-

netic M/q analysis is not convenient and an alternative 

method may be more suitable. 

The time-of-flight (TOF) method for measuring 

mass-to-charge composition of an ion beam is based 

on the different times required for ions of different 

M/q values to drift a fixed distance, and requires 

analysis of only a small time-sample of the ion beam 

that is deflected from its initial path [4, 5]. The time-

of-flight spectrometer possesses a reasonably high 

resolving power, (M/q)/Δ(M/q) ≥ 10, and a rather high 

sensitivity, allowing analysis of ions from hydrogen to 

uranium. Analysis of all beam components is done at 

the same time, a characteristic that is rather important, 

for example to investigate the temporal development 

of ion beam composition [6]. 

In contrast with magnetic spectrometry, the TOF 

method is based on analysis of only a small part of the 

ion beam. This in turn leads to some doubt as to 

whether or not the TOF approach is correct when ex-
trapolated to the whole ion beam. Here we describe 

the results of experiments that were carried our spe-

cifically to compare magnetic and TOF measurements 

of ion beam mass-to-charge composition, using the 

same ion source under identical experimental condi-

tions. 

2. Operational details and experimental results 

The experiments were performed at the High Current 

Electronics Institute with a modified Bernas/Caluton 

ion source as used for semiconductor ion implantation. 

Schematic view of this ion source together with TOF 

spectrometer is shown in Fig. 1. This source is based 

on a hot filament dc arc with oscillating electrons in a 

magnetic field and transverse ion extraction from an 

anode slit. The main characteristics of the source were 

as follows: cathode filament current up to 200 A, 

filament voltage up to 3 V, discharge current up to 

5 A, discharge voltage 90–250 V, ion emission current 

up to 40 mA, ion acceleration (extraction) voltage 20–

30 kV; emission area (extraction electrode) was a 

1 × 40 mm slit. The ion source was positioned in a 

uniform magnetic field of several hundred Gauss di-

rected parallel to the direction of the extractor slit. 

A special feature of this ion source is oven heating 

of LiBF4 crystalline powder as a means to obtain bo-

ron ions. Although one of the main tasks of our over-

all experimental project was to learn how to produce 
multiply charged boron ions, we note that use of this 

approach (heating of LiBF4 powder) results in a B+ ion 

fraction in the beam of up to 70%. A detailed descrip-

tion of the ion source and its operational modes and 

measured parameters with boron ions and other ion 

species used for semiconductor ion implantation can 

be found elsewhere [7]. The TOF spectrometer used in 

experiments is described in [5]. 
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Fig. 1. Schematic of the Bernas/Calutron type ion source used in experiments and TOF spectrometer 

 
Fig. 2. Schematic of magnetic analysis experimental setup 

 
a  b 

Fig. 3. Ion beam mass-to-charge composition measured by time-of-flight analysis (left figure) and by magnetic analysis 

(right figure) 
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To confirm the high B+ fraction, an experimental 
test bench employing magnetic ion beam analysis was 
built. The experimental bench (Fig. 2) consists of the 
ion source described above, an input chamber located 
upstream of the bending magnet, and a diagnostic 
chamber located downstream of the magnet. In order 
to achieve required operating pressures in different 
parts of the separator, two different vacuum pumping 
systems were used, each equipped with a turbo-
molecular pump. The ion source, the beam line of the 
bending magnet, and the first pumping system are 
attached to the input chamber. Various devices for 
beam diagnostics are located in the diagnostic cham-
ber. The ion source is connected to the input chamber 
through a special device that allows compensating the 
displacement of the ion beam by the stray magnetic 
field of the ion source magnet. It also compensates 
both the angular and horizontal displacements of the 
beam, allowing alignment of the beam axis with the 
central orbit of the bending magnet. The optimum 
distance from the ion source emission slit to the bend-
ing magnet entrance aperture was determined in the 
course design. The minimum value was limited by the 
known dimensions of the ion source and by the di-
mensions of the input chamber, which depended on 
the size of the turbo-molecular pump flange. Since it 
was impossible to reduce this distance, we decided in 
favor of an asymmetric position of the ion source slit 
and its image (exit slit) relative to the bending magnet. 
After the bending magnet, the ion beam was collected 
by a Faraday cup with magnetic suppression of secon-
dary electrons. According to estimation the TOF re-

solving power was about 10÷10.5, whereas for the 

magnetic system it was as high as 24÷30. 
The results of ion beam mass-to-charge distribu-

tion measurements using the TOF spectrometer and 

the magnetic analyzer for the same ion beam current 

of about 30 mA are shown in Fig. 3. Clearly, the spec-

tral data obtained using magnetic analysis and time-

of-flight analysis agrees rather closely. We point out 
some minor differences between the results of the two 

measurements. First, with magnetic analysis the boron 

isotopes 10В+ and 11В+ are fully separated; this surely 

decreases the 11В+ peak amplitude in comparison to 

the TOF measurement. Second, as can be seen in Fig. 

3 a, the relative values of the amplitudes of F, FB and 

BF2 ions for magnetic analysis are slightly increased 

over the TOF results. The cause for this difference is 

likely to be associated with vacuum conditions in the 

ion beam drift channel in the two cases. The hardware 
configuration was necessarily grossly changed in tran-

sition from TOF spectrometer to magnetic analysis, 

and, moreover, an additional vacuum system was 

mounted to decrease the pressure in the beam line of 

the magnetic separator. Hence, with equal flow rates 

of the working gas supplied into the discharge system 

of the ion source, the pressure throughout the drift 

channel in the magnetic analysis design is lower than 

 

the pressure in the drift channel of the time-of-flight 

spectrometer. It is well known [8, 9] that fluorine and 

its compounds with boron exhibit high electron affin-

ity, and thus there is significant probability of electron 

capture and the formation of neutral molecules or even 

negatively charged F, BF and BF2 ions. The ratio of 

ions of different types in the ion beam depends on 

many parameters, but largely on the pressure in the 

vacuum chamber and on the operating mode of the ion 
source discharge system. 

These results indicate that under similar experi-
mental conditions and ion source operational parame-
ters, the ion beam mass-to-charge compositions as 
measured by a time-of-flight method or by magnetic 
analysis are in good agreement. This allows the option 
of using either approach depending on the experimen-
tal convenience of the specific research. For example, 
the TOF approach is preferable for measurements of 
ion beam fractional composition or to study the tem-
poral development of the beam fractions, whereas 
magnetic analysis is superior for measurement of the 
absolute values of each ion beam current component.  
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