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1. Introduction 

 
The effects of Ti target thickness and deuteron beam 

energy on neutron generation in the modified prototype D-

D neutron generator [1] were studied. Three kinds of Ti 

targets with the thickness of 10 µm, 40 µm and 1 mm were 

used. Deuteron beam energy was varied from 45 keV to 

65 keV. The effects of target thickness and deuteron beam 

energy were evaluated for every set of experimental run 

and the results were discussed. 

 

2. Experiment 

 

Ti targets of three kinds of thicknesses 10 µm, 40 µm, 1 

mm were prepared. The targets with thickness of 10 or 40 

µm were made by using a magnetron sputtering coating 

system. Ti layers were deposited on Cu substrates (3 mm 

thick) in vacuum. Ti target with the thickness of 1 mm was 

fabricated by machining a lump of Ti metal. 

A Si detector was used to measure the protons 

generated from D(d,p)T reaction [1]. It was placed at 112 

mm away from the center of target, 118° off the beam 

direction, and the detection area was defined by an 

aperture of 1.3 mmΦ. From the generation rate of protons, 

neutron yield is derived based on the ratio of the two 

competing reaction rates. 

The ion source [2] was operated at 1.0 kW RF power, 

and the deuteron beam was extracted at 20 kV from the 

ion source. Deuteron beam was accelerated to 45 ~ 65 

keV by applying negative bias to the target. Deuteron 

beam current was about 3 mA at the target position. 

Proton spectra of Si detector were accumulated and 

retrieved every minute. Proton peaks were observed at 

about 2 MeV, and the FWHM (Full Width at Half 

Maximum) of the peaks were less than 200 keV. One of 

the measured proton spectra is shown in figure 1. 

 

3. Results 

 

Beam cross sectional marks were left on the targets by 

beam irradiation. The beam marks were regarded as the 

main region of neutron generation. The detection 

efficiency of the Si detector was determined from the 

detection geometry and the size of beam mark. The 

detection efficiency of the Si detector was 7.9×10
-6
. 

    Neutron yield was determined from the generation rate 

of protons, which are approximately equal in the present 

 
 

Fig. 1. Proton spectrum of Si detector from D(d,p)T reaction. 

Proton peak energy is 1.80 MeV and FWHM of the peak is 155 

keV. This spectrum was accumulated for 10 minutes. 

 

device. The result of an experimental run performed with 

a 40 µm thick Ti target is shown in figure 2. The variation 

of neutron yield vs. deuteron beam energy was 

investigated in the experiments. In the beginning of beam 

irradiation, deuteron beam energy was fixed at 46 keV and 

it took some while before neutron yield got saturated. 

After neutron yield was saturated, deuteron beam energy 

was raised up to 65 keV in several steps. Response of 

neutron yield to the change in beam energy was prompt. 

Neutron yield was increased up to 1.5×10
7
 n/s at deuteron 

beam energy of 65 keV.  

 

 
 

Fig. 2. A result of neutron generation run by using a 40 µm thick 

Ti on Cu target. Deuteron beam current was 2.7 mA during the 

run.
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   The observed neutron generation vs. beam energy is 

shown in figure 3. The target thickness and the beam 

current of each experiment are noted on the figure. The 

increase of neutron yield in pace with the beam energy is 

mainly due to the rising D(d,n)3He reaction cross section. 

But the difference in neutron yield among the sets of 

conditions is due to both deuteron beam current and target 

thickness.  

 

 
 

Fig. 3. Neutron yield vs. deuteron beam energy for various 

target thickness. 

 

In order to investigate the effect of target thickness 

separately, D/Ti ratio was derived, which is the average 

content of deuterium in Ti target. D/Ti value was derived 

from neutron yield, deuteron beam energy and beam 

current by using the formula of neutron yield [3]. The 

result is shown in figure 4. D/Ti values of the targets were 

within from 0.10 to 0.15. The D/Ti value of the target 

with thickness of 10 µm was higher than that of others by 

about 30%. However, it was still less than the maximum 

value of D/Ti, about 2 [4], and the deviation was not 

considerable. 

 

 

 
 

Fig. 4. D/Ti vs. beam energy for targets of various thicknesses. 

 

4. Conclusion 

 

The effects of deuteron beam energy and target 

thickness on neutron yield were investigated. Targets with 

the thickness of 10 µm, 40 µm, 1 mm were used, and 

deuteron beam energy was varied from 45 keV to 65 keV. 

In the beginning of beam irradiation, it took some while 

before neutron yield got saturated, but after this period 

neutron yield responded promptly to the variation of 

deuteron beam energy. The effect of deuteron beam 

energy on neutron yield was evident. Neutron yield was 

increased in pace with deuteron beam energy due to the 

increase of reaction cross section. However, the effect of 

target thickness was not evident, for D/Ti values of the 

targets were underlying the maximum value. 
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