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Abstract 
To obtain high-yield H2

+ ion beam, experimental and 
theoretical study was carried out on the 2.45 GHz Peking 
University permanent magnet electron cyclotron 
resonance ion source (PKU PMECRIS). With PMECR II 
[1], studies on the size of discharge chamber and the 
operation pressure were carried out to increase H2

+ ion 
fraction. Beam analysis results prove that the H2

+ can 
reach 47.7% with suitable operation parameters. More 
details will be presented in this paper. 

INTRODUCTION 
The creation of molecular ion H2

+ is an essential 
process in hydrogen gas plasma. For proton ion source, 
H2

+ ions are undesirable in the final extract beam. But 
recently, the demand to build an ion source to generate 
high current hydrogen molecular ion H2

+ beam has been 
growing rapidly. For example, H2

+ ion can be used as a 
pilot beam of the intense deuteron beam during the 
commissioning of linear accelerators to minimize the 
activation of components.[2][3] Also it is an effective 
way to improve the output current of cyclotrons by 
accelerating H2

+ and stripping it into H+ at the exit of 
accelerator, instead of accelerating H+ beam directly.[4][5] 
R. F. King et al. proposed a one-dimensional plasma 
model for a volume arc source, which is expected to 
produce 140 mA of ion beam with H2

+ species ratio 
around 73% in theory, but it wasn’t realized.[6] N. Joshi 
et al. developed a volume type ion source at Frankfurt 
University, and about 91% H2

+ was extracted with current 
intensity of 2.84 mA.[7] Obviously, the fraction of H2

+ is 
definitely high, but the current is not enough for some 
applications.  

With a 2.45 GHz permanent magnet ECR ion source 
PMECR II [1][8][9] (Fig. 1), the fraction and current 
intensity of molecular ion H2

+ were improved at PKU. 
Theoretical study indicates that, to optimize the 
production of H2

+, it is helpful to increase the electron 
temperature in the source and avoid attachment with 
neutral H2 which lead to fast destruction of H2

+.[6] In our 
PMECRIS, these were achieved by changing the size of 
discharge chamber and operation pressure in the source. 
The experimental results will be presented. 

EXPERIMENT SETUP 
The test bench (Fig. 2) consists of a microwave system, 

an ECR ion source, a Faraday cup (FC1) to measure the 

 

total current and an emittance measurement 
device(EMU). 
The vacuum is kept by a turbomolecular pump, and the 
ion fraction is measured with a 90°deflection magnet with 
another Faraday cup (FC2) behind by using the similar 
method before.[10] Consequently, the intensity of each 
ion beam is the product of the total current and the 
corresponding fraction. 

The outline diameter of our ion source is 11.5 cm 
with a maximum Φ64 mm discharge chamber, and its 
length is about 11 cm. Through a three-layer dielectric 
window and a protective disk, microwave is fed into the 
source and coupled with plasma. Magnetic field is 
generated by several NdFeB permanent magnet rings, 
which provide a wide electron cyclotron resonance zone. 
With this source, a peak current of 100 mA pulsed 
proton beam can be easily obtained through a Φ6 
mm hole with three-electrode extraction system at 
50 kV.  

EXPERIMENTAL RESULTS 
In order to investigate the production and destruction 

mechanisms of H2
+, discharge chamber’s diameter was set 

at 30, 35, 40, 45 and 64 mm respectively by putting 
different liners in the source. The pressure of the chamber 
was 1.1×10-3 Pa, and the beam was extracted at voltage of 
50 kV with about 200 W pulsed rf power feeding in the 
chamber. Extracted beam analyses were performed versus 
the chamber diameter while other operation parameters 
kept constant（Fig. 3）. It shows that the current of H2

+ 
increased from 8.3 mA to 21.9 mA as the diameter 
decreased from 64 to 30 mm.  

 

 ____________________________________________ 
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Figure 1: Photograph of PMECR II.  
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Moreover, a H2
+ species fraction of 40.5% was 

obtained at diameter 64 mm. The possible reason is that a 
large chamber means low gas density under the same gas 
flow rate, which leads to decreasing of dissociative 
attachments with neutral molecules.[6] But due to a low 
total current, the current of H2

+ is only 8.3 mA at Φ64 
mm. The profiles of H+, H2

+ and H3
+ in a pulse were also 

measured by a digital oscilloscope (Fig. 4). When the 
chamber is small, there may be not enough energy to 
further ionize H2

+ ion due to the plasma chamber is not 
couple well with the microwave. Therefore, the fraction 
of H2

+ ion is also comparatively high with smaller 
diameter.      

Because of the high species ratio of H2
+ ion at Φ64 

mm, more experiments were performed by changing the 
pressure at this condition. The H2

+ fraction increased as 
the discharge pressure decreased from 2.0×10-3 Pa to 
3×10-4 Pa (Fig. 5). An 85 mA total beam with 47.7% H2

+ 

fraction was already extracted at 45 kV with pressure  
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Figure 3: H2
+ fraction and current intensity vs diameter of 

discharge chamber. 
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Figure 4: Profiles of H+, H2
+ and H3

+ beam pulse. 

4×10-4 Pa, and the intensity of H2
+ was more than 40 mA. 

H2
+ and other ions were also detected by changing the 

current of analysis magnet (Fig. 6). It can be noticed that 
H2

+ ion already has a comparable peak with H+. As the  
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Figure 5: H2

+ fraction and current intensity vs discharge 
pressure (Φ64 mm)

Figure 2:  Schematic diagram of the short beam line. 
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pressure was too low for discharge at 3×10-4 Pa, both the 
total and H2

+ current dropped down.  
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Figure 6: Mass spectra of hydrogen beam (Total current: 
85 mA, H+:48.5%, H2

+:47.7%, H3
+: 3.8%). 

 
Furthermore, when we decreased the rf power feeding  

into the source and increased the pressure, a high fraction 
H3

+ beam was achieved. And more than 15 mA H3
+ beam 

was extracted with corresponding fraction of 54.8% in our 
preliminary experimental study (Fig. 7). More research 
will be done on H3

+ beam in the near future.  
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Figure 7: Mass spectra of hydrogen beam (Total current: 
28 mA, H+:30.7%, H2

+:14.5%, H3
+: 54.8%). 

CONCLUSION 
Experimental study was carried out on PKU PMECRIS 

anticipating H2
+ ions, and more than 40 mA H2

+ ion beam 
was extracted with a Φ6 mm extraction hole. Beam 
analysis results look promising to produce high 
current H2

+ ions as well as H3
+. As a whole, the 

production of H2
+ ion strongly depends on operation 

pressure, and dissociative attachment process need be 
reduced. More study concerning the production of 
molecular ions is in progress, and more results will come 
up with future improvements. 
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