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ABSTRACT 
 

A DC glow discharge with a continuous inlet 

flow from ambient air is used as a source of 

electrons to ionise molecules by electron impact 

in a portable ion trap mass spectrometer. The 

electron current available for ionisation is 

measured at some hundreds of nA and the 

electron kinetic energy distribution is uniform 

between 0 and 10 eV. 
 

1. INTRODUCTION 
 

Low power and reduced gas load, small size, 

light weight, long lifetime and ease of 

maintenance are the main requirements for a 

portable mass spectrometer (MS) ion source. For 

an ion trap MS, the operating pressure (up to 10
-3

 

torr) in the vacuum chamber may prevent the use 

of a thermo ionic filament. A DC glow discharge 

cell (denoted as GDES) with a cold cathode can 

be used as a low power source of electrons.  It 

has reduced out-gassing phenomena compared to 

a heated filament ion source [1,2,3]. The GDES 

cell reported here is based upon the design 

proposed by Gao et al. [4]. 

The knowledge of electron-beam kinetic energy 

is an issue of great concern as ionisation cross-

section and fragmentation path when using 

electron impact depend on kinetic energy of the 

incident electrons. The operating conditions are 

chosen to have the lowest power consumption 

and the stability of the discharge. Experimental 

results for different inner diameters and insulator 

materials are presented. 

 

 

 

2. DESCRIPTION AND MODELLING OF 

THE DEVICE 
 

The GDES cell consists of two parallel 

planar stainless steel electrodes (anode and 

cathode) separated by a distance of 6.6 mm and 

fixed by an insulator spacer, with different inner 

diameters: 10, 15 and 20 mm. Three different 

insulator materials are tested: Macor, Nylon and 

Teflon. 

The GDES cell mounted on the flange is placed 

in a vacuum chamber (Fig. 1). The pressure in 

the manifold is measured by thermocouple and 

Bayard-Alpert gauges, the pumping system is 

composed of roughing and turbo-molecular 

pumps. 
 

 
Fig. 1: Experimental set-up for testing GDES. 

 

 

lC(cm) pGD (torr) 

estimated 

pM (10-5 

torr) 

measured 

7.1 1.4 9.76 

9.8 1 7.42 

16.5 0.6 4.40 

20 0.5 3.60 

33 0.3 2.16 

50 0.2 1.48 

Table 1: the pressure according to the capillary 

length to operate typically near to Paschen’s 
minimum. 
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Gas inlet flow from ambient room air passes 

through a PEEK capillary and enters the cell by a 

central aperture in the cathode. The GDES cell 

communicates with the vacuum chamber by the 

central aperture (0.3 mm in diameter) in the 

anode. The pressure inside GDES cell is 

estimated from the length of capillary. The 

throughput of the capillary QC (Pa.m
3
⁄s) is 

estimated from Hagen-Poiseuille equation 

[5,6,7]: 

              
   

 

      

      

 
         (1) 

where pA is the atmospheric pressure, µ = 1.85 

10
-5

 Pa.s the air dynamic viscosity at room 

temperature, dC = 0.063 mm the inner diameter 

of capillary and lC the length of capillary. 

The conductance of the anode orifice    (m
3
⁄s) 

(considered as a thin plate orifice) can be 

expressed by: 

   
  

 
 
   

 

 
  (2) 

where    = 0.3 mm is the diameter of the anode 

orifice and    = 463 m/s the mean velocity of the 

particles (air). 

The balance equation of gas throughput 

at steady-state is expressed by: 

                      (3) 
 

Important pressure drops are induced by 

capillary and anode aperture, so balance equation 

can be simplified by: 

             (4) 
 

The pressure inside the GDES cell can 

be then estimated from capillary length by: 

           
  

    
 

       
   

 
     

  
 (5) 

 

The pressure inside the GDES cell is in 

inverse proportion to the capillary length chosen 

to operate near Paschen's minimum (Table 1).  
 

The DC power supply, VAC, is used to 

sustain plasma discharge in the GDES cell.  

Undesired discharges (I’d) between cathode and 

the walls of the vacuum chamber are stabilised 

by a limiting-current resistance R’. 

Some electrons can exit the GDES cell via the 

anode aperture. The electron beam current (IP) is 

measured by means of a collection plate located 

in front of the anode aperture. The DC 

polarisation potential VPA applied across the 

plate and anode modifies the collection of 

electrons by the plate. 

The cathode IC, anode IA and plate IP currents are 

recorded as well as the voltages VAC and VPA. 

The cathode current is the total current of the 

system:             . 
 

3. EXPERIMENTAL RESULTS 
 

The breakdown voltage is measured 

when the voltage across the anode and cathode 

suddenly drops, followed by an increase in the 

discharge current. The Paschen curve is obtained 

by plotting the breakdown voltage versus the 

pressure-distance product for six different 

capillary lengths, with a continuous inlet air flow 

(Fig. 2). Such a curve confirms a plasma 

discharge. 

To have a stable discharge with the 

lowest values of potential, the following 

operating conditions were chosen:    = 16.5 cm 

with VAC = 420 V. Optimal power consumption 

was obtained as a consequence. 

Fig. 3 shows the temporal evolution of 

the discharge current intensity for the different 

inner diameters and insulator materials.  

For the Macor and Nylon, a same discharge 

current values and evolutions are observed 

depending on the inner diameter. With Teflon 

insulator, discharge current values are lower than 

with Macor and Nylon for a same inner diameter. 

However with Teflon instabilities are observed 

over long periods.  

For Macor and Nylon insulators a stable current 

is obtained after about 1 hour. The lowest 

cathode currents (about 0.75 mA) are obtained 

for 10 mm diameter insulators, equal to 0.3W of 

power consumption.  

The evolution of the plate current as a 

function of the potential applied between the 

plate and anode is given (Fig. 4). It represents 

the integral value of Ek,AN, the kinetic energy 

distribution of the electrons at the anode 

aperture.  

 
 

Fig. 2: Paschen curve from experimental data for atmospheric air 
flow in the GDES cell with Macor insulator. The capillary lengths 

are 50, 33, 20, 16.5, 9.8 and 7.1 cm, each (from left to right). 



 

 
 

Fig. 3: Cathode current versus time for different inner diameters 

(10, 15 and 20 mm) and insulator materials. The experimental 
conditions are VAC=420 V; VPA=0V; lc=16.5 cm. 

 
 

Fig. 4: Evolution of plate current versus the potential applied 

between the plate and anode VPA.  
 

For negative values of VPA lower than -10 V no 

current is detected. Between -10 to 0 V a linear 

increase of current is observed. For positive 

values of VPA, the plate current remains stable. 

As a consequence, the distribution of the electron 

kinetic energy at the anode aperture is quasi-

uniform from 0 to 10 eV, and the available 

current intensity is about 175 nA. 

 

3. CONCLUSIONS 
 

The Teflon insulator material presents 

discharge instabilities after running for some 

hours. It is preferable to use Macor or Nylon 

with the smallest inner diameter (10 mm) and 

capillary lengths of 16.5 cm. 

The distribution of electron kinetic 

energies is in a narrow range from 0 to 10 eV. 

Subsequently, it will be possible to modify this 

distribution to around 50-100 eV in order to have 

the optimal electron impact ionisation cross-

section for the targeted molecules. 

To increase the electron beam current the 

DC power supply between anode and cathode 

electrodes can be adjusted. 
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