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Introduction: Time of flight mass spectrometry is
widely used to study space plasmas in planetary and
solar missions. It provides information about the 
plasma physical and chemical properties by individ
al analysis of particles and statistical processing.
However, scientific needs constantly rise and new 
performances are necessary to achieve a better unde
standing of space plasma mechanisms. 

A research and development project has been
formed at IRAP to improve this kind of instrument
We use grazing incidence microchannel plates (
to replace usual carbon foil for electron emission
designed a complete spectrometer prototype to val
date the entire instrument concept. W
first results and possibilities of improvements.

 
Previous analysis and developments

conference, we presented grazing incidence MCPs as 
a new devices to replace carbon foils in time
mass spectrometer [1]. Despite of advanced designs 
[2], carbon foils remain a limitation for simple i
struments, in terms of mass resolution and post
acceleration. MCPs are proved to really
aspects better [3]. Indeed, energy losses are reduced 
and high voltages can be lowered for typically 15 kV 
down to 5 kV.  

Simulations of ion-surface interactions
MARLOWE code [4] show that ion reflection is qu
si-specular under grazing incidence inferior to 10°
from surface. The efficiency is good enough 
70 to 95 %, depending on energy, species and angle 
for ion transmission and electron emission in MCP 
channels. We then developed a calibration device
MCP samples to confirm this behavior with
tive results. 

This preliminary study gives us main parameters 
to design the entire instrument prototype
commonly used subsystems [5] [6], such as electro
tatic analyzer and time-of-flight section, to improve 
operation with grazing incidence. We use 
square channels called Micro Pore Optics (MPO).

Instrument subsystems are presented in Fi
The instrument includes an electrostatic analyzer to 
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systems are presented in Figure1. 
The instrument includes an electrostatic analyzer to 

select ion energy. Right below its output
placed to scatter ions and generate electrons. Both 
ions and electrons enter the time of flight section, 
where they are separated by an electric field provided 
by electrodes. Particles are led to their dedicated MCP 
detectors. High voltages for the post
analyzer, the electrodes and the det
by the HV board. The instrument is controlled by the 
digital board which is connected to an external co
puter. MCP pulses are amplified by 
front-ends [7]. They provide digital pulses to a Time 
to Digit Converter with a very high time precision 
less than 500 ns. Information is then 
sent for spectrum computing. 

 

Figure 1. Mass spectrometer prototype 
(cut view). 

 
Instrument features and tests

ment we built is about 220 mm (8.7 ") high and as a 
diameter of 220 mm. It weighs about 2.2 kg with its 
docking interface and all electronic components. The 
aluminum shielding is at least 1 mm width. Its the
mal equilibrium is below 50 °C at full electric load 
since we did not perform advanced mechanical and 
thermal analysis. Venting for vacuum use is suff
cient, but electrostatic discharges have shown this 
point could be improved for faster operations
laboratory environment.  
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Figure 2. Picture of the instrument in the vacuum 

chamber, face to the ion gun. 
 
The electrical consumption is 1400 mW for the 

high voltage power supply and its analog / digital 
control interface. The digital electronics consumes 
about 700 mW, with possible reduction on the high 
speed LVDS link between the instrument and the 
computer. 

We performed first acquisitions of time-of-flight 
spectrum without the analyzer. Results with He+ N+, 
O+, H2O

+, N2
+ and O2

+ ions at 5 keV are shown in 
Figure 3. The mass resolution is estimated to m/dm = 
10. This is really encouraging since the spectrum 
show a very slow rising edge. This is typical of a bad 
electron extraction and leading. Indeed, the voltage 
applied on MPO appears to be insufficient for a prop-
er acceleration of electrons. Consequently, the 
efficiency and time resolution are lowered. 

 

 

Figure 3. Measured time-of-flight spectra at 5 keV 
for different species (X-axis is in ns). 

 We also suspect that MCP is used in the range 
where typical gain leads to a lower front-end electron-
ics precision - 3 ns instead of 500 ps. MCP voltages 
were reduced to avoid crosstalk in the detector plane 
and the electronic board. 

 
Optimization: We recently developed new simu-

lation tools to take into account presented results. We 
are now able to reproduce more precisely trajectories 
of ions and interactions with MPO surface. This gives 
access to relative ion transmission and electron ex-
traction efficiencies (cf. Figure 4). The trajectory 
analysis also allows ion energy losses computing with 
an elastic collision approximation.  

This simulation provides a good way to study the 
influence of various parameters, such as channel 
geometry (L / D ratio), MPO voltage or angular scat-
tering after ion-surface interaction. It is also possible 
to introduce the electrostatic analyzer beam distribu-
tion as an input or to get electron and ion trajectories 
for time-of-flight section design. 

 

 

Figure 4. Coincidence of electron extraction from 
MPO channel and ion transmission (simulation). 

 
The simulation already gives interesting results 

about second interaction of ion in MPO channels. For 
instance, it explains the difference of energy distribu-
tions computed by MARLOWE and experimental 
results. 

 
 
 



Conclusions: The prototype designed and built 
presents interesting results for space-borne time of 
flight mass spectrometry. We demonstrated the ability 
of grazing incidence devices to fill the gap between 
classical mass spectrometers and reflectrons in terms 
of efficiency and resolution. The proposed design also 
reduces substantially mass and electric consumption 
by lowering high voltages. Development constraints 
are then released. 

Optimization of MPO sizing and coupling with 
the rest of the instrument will offer better perfor-
mances in terms of resolution and efficiency. Other 
studies and developments are made to improve MCP 
signal integrity, such as a new front-end electronics 
and detector plane. 
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