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Abstract: 

The adaption of new generation portable neutron sources has been increasingly marked in a 

wide range of research fields compared to the large-scale neutron generators. In this context, 

we have successfully demonstrated some of the essential parameters required for the emission 

of 2.45 MeV DD fusion neutrons from a steady state portable linear neutron source based on 

inertial electrostatic confinement scheme. The parameters that control the production of 

neutrons are the working pressure of the fuel gas, applied voltage, measured current and 

cathode geometries. The neutrons emitted from the source are confirmed using neutron 

monitor, bubble dosimeters, nuclear track detectors and He-3 proportional counter. Presently, 

we can produce neutrons up to the order of ~ 106 n/sec at discharge voltage ranging from -

60kV to -80kV and discharge current of 20mA to 30mA.  

I. Introduction: 

 In the present world, artificial neutron sources play a crucial role in paving the way 

for various potential applications. The portable or tabletop neutron sources are relatively 

inexpensive alternatives to the nuclear reactors [1, 2]. The neutrons produced from such 

sources are used in different fields of science such as electronics industries, medicinal fields, 

homeland security and other research areas [3-5]. Lawrence Berkeley National Laboratory 

(LBNL) and Adelphi Technology Inc. are the pioneers for the development of a series of high 

yield neutron generators using D-D (deuterium fuel) reactions in an axially symmetric device 

[6]. 

Inertial electrostatic confinement (IEC) fusion scheme is one of the most favorable 

techniques for production of continuous and pulsed neutrons compared to other schemes like 

plasma focus, Z-pinch, accelerator-based etc. Researchers have analyzed various schemes for 

IEC devices that could deliver a stable source and could significantly increase the neutron 
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production rate (NPR) and the density of oscillating ions in the core region of the cathode [7, 

8].  An IEC device is configured both for spherical (isotropic) and cylindrical (anisotropic) 

geometries, running by an electrical discharge on D–D/D–T/D–3He as fuel gases. It primarily 

consists of a gridded electrode acting as cathode at the center of a vacuum chamber serving as 

the anode. A glow discharge plasma takes place between the electrodes due to the high 

voltage breakdown of the fuel gas, thereby, producing ions that are accelerated towards the 

cathode. The ions produced travel in radial trajectories and circulated through an open 

spherical or cylindrically gridded cathode, the electrons remain between the gridded cathode 

and the anode.  The radial distribution of ion density, mainly interior to the cathode, and 

formation of a deep potential well is of key significance for the occurrence of fusion regimes 

in the cathode grid [9]. Theoretical studies using simple analytic models have indicated that 

such systems cannot scale to net energy producing devices [10]. The highly efficient 

electrostatic systems and combinations of both magnetic and electrostatic arrangements are 

applied for the production of neutrons. Scientists from various prominent institutes of the 

world that include University of Wisconsin (UW) Madison, Los-Alamos National Laboratory 

(LLNL), University of Illinois, Kyoto University and Tokyo Institute of Technology 

(TITECH) in Japan are pioneers of initializing the IEC concept and allocated the concept of 

gridded IEC devices, from the earlier ion and electron gun concepts of Hirsch and Farnsworth 

[7, 11]. The researchers of these organisations are continuously performing experiments 

related to the production of neutrons, protons, high energy photons (Gamma rays) and other 

fundamental aspects of the sustainable development of IEC devices. For increasing the 

amount of neutron flux and NPR following the IEC fusion scheme, the suitable modification 

was made in the designing and operating methodologies that resulted in the development of 

devices such as spherically convergent beam focus (SCBF), radially convergent beam focus 

(RCBF), spherically convergent ion focus (SCIF). The SCIF device at Wisconsin University 

achieved a higher range of fusion reaction rates up to 108 n/s for D–D fuel and 1010 n/s using 

D–T fuel [12, 13]. The SCBF device at TITECH developed a scheme for accelerating ions 

which are generated between electrodes by a glow discharge, towards the spherical center and 

giving rise to fusion reactions. The device has recorded up to 106 n/s in steady-state operation 

and 109 n/s in a pulse mode of operation [14]. G.H. Miley and his colleagues at the University 

of Illinois first used the single gridded IEC device and recorded a neutron output up to ~106 

to 107 neutrons/sec when operated with a steady-state deuterium discharge of 70 kV, 15 mA 

[15]. From the experimental observations of University of Wisconsin (UW) and Illinois, the 

net fusion energy output from IEC like systems is 10-5 times lesser than the input energy [16]. 
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Radel et al. reported on steady-state neutron outputs from the spherical IEC device of UW. 

The authors experimentally verified that there are three main parameters available to change 

the neutron output in an IEC device of a specific anode/cathode size configuration: cathode 

voltage, power supply meter current, and fusion fuel density (gas pressure) [17]. The 

researchers at UW have increased the power rating of operation from 15 kW to 60 kW to take 

advantage of increased D-D fusion cross sections at higher voltages [18]. The ability to 

enhance the power rating could explore the usefulness of IEC devices as a source of neutrons 

in commercial applications. 

 In this paper, we discuss the parameters that are involved in the occurrences of fusion 

reactivity in the cylindrical IEC device that regulates the production rate of neutrons. In the 

first section, we tried to interpret the equations involved in defining the ion-neutral (beam-

background) reaction regime that enhances the ion density profile and NPR from the device 

[19]. It has been reported earlier about the different reaction mechanisms of neutron 

productions such as beam-beam, beam-background, beam-cathode and fast-neutral-

background collisions [13, 20]. The reactions mentioned above specify the interaction 

between the fast ions beams generated in the potential well due to the application of the high 

negative voltage to the transparent cathode grid. In the same section, we also discussed the 

dependence of NPR on the applied potential (ϕ) to the cathode grid, the discharge current (I) 

and the neutral background pressure (ng). In the second section, we described the 

experimental setup and the different types of diagnostics used for measuring the count rate of 

neutrons produced due to DD fusion reactions. The mono-energetic deuterium ions generated 

from the cathode discharges are accelerated towards the cathode due to the inertia of the 

negative electrostatic field in between the cathode grid and chamber wall that subsequently, 

starts oscillating inside the negative potential well [21]. Thus fusion reactions take place 

between the counter-flowing ions forming a dense core inside the cylindrical cathode grid 

and between the ions and the background gas (beam-background) outside the gridded cathode 

[16]. The paper also discusses the increment of neutrons from the device and for which it is 

expected that low-pressure operation is effective where high voltage can be applied safely to 

the cathode reducing the formation of arc discharges and safe operation of the device. Due to 

the higher convergence of ions at the core, its density increases along with the collision 

frequency, and as a result, the NPR scales up gradually [22]. The dose rate of the neutrons, 

NPR and energy of the emitted neutrons were verified and examined using various neutron 

diagnostics that are discussed in section IV.  
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II. Theoretical analysis: 

 The reaction regimes inside the electrically driven (current discharge) IEC device is 

mainly dependent on beam-background reaction of fuel ions. Thus the volumetric NPR 

arising from a mono-energetic population of energetic ions and background gas is given by 

[23, 24] 

)1()()(  vnnNPR
dt

dN
gc 

 

ni = ion density inside the device, ng = background gas density, σ = fusion cross-section, v(r) 

is the relative velocity of the ion beams oscillating radially in the transparent gridded cathode 

region. The term )( v also resembles the fusion reaction rate, i.e., the distribution of ions and 

those taking part in the fusion reactions. The recirculation of ions impact upon the loss 

mechanism that occurs due to ion hitting the grid wires (mostly in beam-background and 

beam-cathode reactions). Due to the said phenomena, the ion scattering cross-section is 

higher than the fusion scattering cross section and the probability of higher fusion rate 

decreases. The total energy equivalence persists on )(rqE  , where q is the charge of the 

electron and ϕ(r) is the high input potential applied to the cathode grid. 

The ion flow characteristics inside the potential well depends on the applied current (IT) and 

potential to the cathode. The oscillating ions traversing throughout the cathode grid initiates a 

current given by the flow convergence model of ions [25]. The relation between the total 

applied current and the counterflowing ions is given by the recirculating factor of ions:  

)2(
T

R

I

I


, 

IR is the recirculation current carried by the ions between the chamber wall and cathode space, 

and IT is the total applied current at the cathode.  

So, due to the recirculation of the ions in the grid, some secondary electrons would get 

emitted from the grid due to the impact of the ion into it. Therefore, the measured current in 

the cathode is given by 

)3()1(  eTeTTmeas IIII 
 

Further, considering that the ions make some trips inside the cathode and so the recirculation 

current can be estimated as a measure of all the cathode currents that enhances the beam-
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background reaction inside the cylindrical IEC device. If η is considered as the geometrical 

transparency factor and IT remains as the cathode ion current, η IT is the ion current to the 

core, η2 IT will be the ions that re-enter the inter-electrode space. So after adding all the ion 

terms that take part in the recirculation and encrypt the beam-background reaction is 
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Therefore, from equation (2) 

)5(
1
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Again, the total core current is given by )6(IR cI  

Relating equations (3), (4), (5) and (6) we have, 

)7(
)1)(1( 2





e

meas
c

I
I





 

To increase the density of the fuel ions (D+) for increased fusion reaction rate, a collisionless 

model of ions (primary ion flow conversion model) has been formulated by Thorson et al. 

[13]. The model explicitly demands that the current carried by the ions at the core (Ic), 

permitting the reaction mechanism to be proportional to the core ion density (nc).  The current 

conservation model gives us 

   
)8()(2  rvhqnrI cccc 

 

Thus, ion density at the core nc is given by 

)9(
)(2


rhqvr

I
n

cc

c
c



 
Here, Ic is the ion current at the core, rc and h are the radius and height of the core region of 

the cathode (the core radius is considered to be 1/10 of the cathode radius) [22, 23], q is the 

charge of the electron, and vc is the core ion velocity. The typical diameters used in the 

present case of study are 0.02 and 0.03 m. The cathode used had a fixed length of 0.35 m and 
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transparency factor is 84.7% (8 wire grids) and 92.3% (16 wire grids). The input voltage  100 

kV with ion core velocity (vc) of 3.162 x 106 m/s and 1mTorr – 3.30 x 1019 m-3. 

Table 1: Dependence of current at constant potential on the Neutron Production Rate (NPR) 

Pressure 

(mTorr) 

Ion currents (A) Core 

radius 

(rc) m 

Cathode 

transparency 

( ) 

Fusion cross 

section 

)( m2 

Ion density 

(nc) m-3 
NPR  n/s 

IT Ir Imeas Ic 

0.7  

0.050 

 

0.169 

0.1 

0.142 0.001 84.7% 

4x10−31 

1.49 x 1015 1.89 x 1010 

1 0.230 0.204 0.0015 88.5% 2.15 x 1015 2.72 x 1010 

1.5 0.337 0.299 0.002 92.3% 3.15 x 1015 3.98 x 1010 

 

The above table illustrates the dependences of ion currents that are calculated using the 

standard equations. The current assimilation, i.e., the core current is mainly dependent on the 

measured current (Imeas) and transparency of the cathode. Thus, the relation facilitates the 

increase of ion current at the core (Ic) and thereby increases the density of ions in the core. 

This increment scales up the fusion reactivity of ions and production of neutrons in the core. 

III. Experimental Set-up and Diagnostics:  

 The IEC device used in the present study consists of a cylindrical cathode grid kept 

inside a cylindrical stainless steel chamber of 50 cm in diameter and 30 cm in height placed 

vertically. The chamber has multiple ports for evacuation, viewing windows, high voltage 

feedthrough, gas inlets and coupling different diagnostics. The schematic of the experimental 

device is shown in Fig. 1, the top port of the chamber is used as an access port for high 

voltage feedthrough, and one side port is dedicated for coupling to the evacuation system. 

The cathode grid is made up of stainless steel with varying dimension and transparency. The 

design of cathode grid is made by simulation (SIMION 8.0) results and grid wire after 

analyzing the recirculation of ions the wired frequency had been optimized at 8 and 16. The 

diameters of cylindrical cathode grid used in the present study are 2 and 3 cm, and the length 

of the cathode is 25 cm, respectively [19]. The chamber was evacuated using a turbo 

molecular pump (TMP) backed with a rotary pump and the pressure inside the chamber has 

been monitored using the cold and capacitance gauges. The neutral deuterium gas was 

supplied using a deuterium gas generator, and the flow rate was controlled using a gas dosing 

valve supplied with a coarse feed valve. 
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Fig. 1: Schematic of the cylindrical IEC device along with the associated accessories. 

As mentioned above, in the present experiment we implemented the cold cathode plasma 

discharge to create deuterium plasma. The D+ ions are produced through electron impact 

ionization of the ambient gas (deuterium) inside the IEC chamber due to high voltage 

breakdown, and are trapped with negative electrostatic fields inside the cylindrically gridded 

cathode. While being accelerated in such a high electrostatic field, the ions not only gain 

fusion grade energy but also converge at the core region of the central cathode grid forming 

dense ion plasma at the core of the cathode region. The ions are oscillating in the negative 

potential well formed in the transparent cylindrical cathode. The primary fusion reaction for 

the present cylindrical IEC device is given by equation (10). 

)10()45.2()82.0(3  MeVnMeVHeDD  

 The signatures of neutron emission were noticed during the operation of the device in 

the voltage range of -20 kV to -100 kV using a high voltage power supply (HVPS). The 

diagnostics that are mainly implemented for confirming the evidence of neutrons from the 

steady-state linear neutron source are neutron area monitor, solid state nuclear track detector, 

i.e., CR 39 (Columbia Resin-39), bubble detector and He-3 proportional counter. The area 

monitor, made by KWD Nuclear Instruments (2222A model), has an inbuilt He-3 

proportional counter embedded with polyethylene and boron plastic as moderator for 

detecting the thermal neutrons. The instrument is coupled with a microprocessor, memory 

functions, and real-time clock to serve as a general-purpose instrument for continuous 
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monitoring of neutron radiations in locations where permanent dose monitoring is required. 

The monitor measures the neutron dose rate in the unit of mSv/h in the energy range of 0.025 

eV to 17 MeV and independent of the direction of the source. The monitor converts the 

energy of the thermal neutrons through an electronic driver and displays the direct reading of 

neutron dose rate (in the range of 0.001 mSv/h to 999 mSv/h) in the digital display of it or 

can be measured through interfacing software WinPig. The software provides a broader 

interface for analyzing dose rate, dose, and the dose rate log of neutrons. To characterize the 

DD neutron emission from the IEC device, we also used the nuclear track detector (NTD). 

These NTD contain hydrogen (H), carbon (C) and oxygen (O), and so the most relevant 

technique to detect fast neutrons is based on elastic scattering of neutrons on light nuclei, 

resulting in a recoil nucleus. Since neutrons do not directly cause any ionization in the 

detector, no tracks are produced by them. The neutron scatters elastically and give rise to 

recoil protons or production of charged particles that cause ionization, and consequently, 

etchable tracks. These NTD can record the impression of charged particles by the radiation-

induced damage caused along the path of interaction. The damaged regions are developed for 

visualization with an optical microscope using a technique known as chemical etching [26]. 

Here, PM-355 (Pershore Mouldings), a super grade form of CR-39 NTD, was used and 

samples of size 10 × 20 mm with a density of 1.30 g/cm3 were then placed at different 

distances from the neutron source (IEC device). After exposing the CR-39 samples to DD 

neutrons for about 5 minutes, they were etched by 6.25 N NaOH solutions at 70 ± 2 ºC for an 

etching time of 6 hrs [27]. The etching solution was mechanically stirred to achieve a 

constant etching condition such as temperature and concentration of the solution. After 

etching, the detectors were viewed under an Olympus-made optical microscope equipped 

with a digital scanning firewire CCD camera. The track images of the detectors were 

acquired by CCD camera, and the images were analyzed using image analysis software. 

Another, non electronic detector viz. bubble detector was used for measuring the dose of 

neutrons of the IEC source. The bubble detector or bubble dosimeter is procured from BTI 

Bubble Technologies. These dosimeters are the most sensitive and provide accuracy for 

instant visible detection and measurement of neutron doses [28]. The detector contains tiny 

droplets of superheated liquid called Freon dispersed throughout a transparent polymer. As 

soon as the energetic neutron strikes the droplet, it instantly vaporizes, forming a visible gas 

bubble trapped in the gel. The bubble provides the measurement of the tissue-equivalent 

neutron dose. The detector has the sensitivity of 1bubble/µSv for neutrons and has sensitivity 

to gamma radiations, although having a limited validity of 90 days from the date of 
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calibration. To calculate the neutron counts and energy of the neutrons, we employed the He3 

proportional counter.  These counters are useful to both count the particles and to 

discriminate between them based on the size of the pulse height each produced. The main 

advantages of He-3 detectors for neutron detection are the very high efficiency (resulting 

from its high thermal neutron absorption cross-section) and good discrimination of the 

gamma signal [29]. The detector procured from LND, USA is an SS tube of diameter 2.54 cm 

and active length 15 cm. It is placed inside a wax moderator of diameter 10 cm for interacting 

thermalized neutrons. Other electronics associated with the detector for obtaining the 

information regarding energy and counts of the radiated or charged particles through pulse 

height analysis (PHA) are pre-amplifier, amplifier and multi-channel analyzer (MCA).  

IV. Results and discussion: 

As mentioned earlier the experimental evidence of DD fusion neutron emission from 

the cylindrical IEC device is ascertained by using multiple diagnostics and the results 

obtained from them are discussed hereafter. 

(i) Detection of neutron by area monitor 

 Experiments were performed to study the neutron emission from the cylindrical IEC 

device. Cold cathode deuterium plasma discharge was initiated at low voltage (-2 kV), high 

chamber pressure (15 mTorr) and kept the discharge for 30 min to remove the impurities in 

the wires of the cathode grid. After optimizing the gridded cathode at lower voltages, we 

applied high voltage from -60 kV to -80 kV by keeping the chamber pressure at 0.7 mTorr to 

1 mTorr. Figure 2 (b) and (c) illustrates the formation of DD fusion-grade plasma in the inner 

core of the cylindrical grid at a fixed voltage of -60 kV and the measured current of 10 mA 

and 30 mA, respectively. From the visual appearances of Fig. 2 (c), it is observed that as 

increasing the supply current to the cathode more number of ions are interacting with the 

surface of the grid wires of the cathodes and secondary electrons are produced from the 

surface of the grid wires. The interaction of the highly energetic D+ ions (60 keV) heats up 

the surface of the grid wires, illuminating more light from the core area of the grid. Thus the 

current generated at the core is the sum of the ion current (Ii) and the electron current (Ie). 

Both Ii and Ie play a crucial role in driving the recirculation of ions inside and near the grid, 

formation of the space charge potential and multiple potential wells [16, 30].  
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Fig. 2: (a) Images of the IEC neutron source along with other subsystems. (b) Glow from a 

linear stream of fusion plasma formed inside the cylindrical grid-cathode at -60 kV, 10 mA 

operations. (c) Intense glow from the core of the cathode at -60 kV, 30 mA. 

The electronic assembly converts the counts or yield of neutrons into dose equivalent 

(Sieverts or rem). The monitor is kept at a radial position from the source at a distance of     

60 cm from the cathode. The dose rate is displayed in the software window of the detector for 

–60 kV, 10 mA (Fig. 3(a)) and -60 kV, 30 mA (Fig. 3(b)) discharges. In our experiment, as 

shown in the dose rate window of Fig. 3(a) and (b), the NPR increases with respect to the 

input power. 

 

Fig. 3: Dose rate window of the WinPig software (a) at -60kV, 10mA discharge. (b) At -60kV, 30mA. 

On analyzing the dose rates of neutrons from the area monitor, it can be noted that on 

increasing the total ion current from the supply unit the core current and the recirculation rate 

of the ions increases to scale up the fusion process and thereby neutron dose rate increases. 

The neutron monitor was also calibrated to a known source Am-Be which delivered NPR of 

~ 106 n/s calculated by noting the dose rate, distance from the source and conversion factor 

(2.15 μSv hr-1 cm2 s) and the distance from the source. From this conversion factor, the total 
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NPR has been obtained in the present case where the source strength is unknown. So, we 

used some theoretical equation which served the basis of calculating the NPR.  

The relation between NPR and dose rate can be expressed as [31]: 

)11(0  EhD  

Here, D0 is the equivalent dose for the source, hE is the fluence to dose conversion factor, and 

ϕ is the neutron flux. In order to calculate neutron flux at a typical experimental condition (60 

kV, 30 mA  and 0.7 mTorr) we used the dose rate shown in Fig. 3(b). 

D0 = 296.1 μSv hr-1,  hE= 2.15 μSv hr-1 cm2 s 

Thus from equation (11), and putting the above values we obtain flux (ϕ) as 137.72 cm-2 s-1 at 

a distance of 60 cm from the source. The neutron flux is used to extrapolate NPR using 

following equation. 

)12(2 2  rNPR  

After putting the respective values in equation (12), we obtained the NPR to be 3.1 × 106 n/s. 

We have examined the dependence of NPR with the filling gas pressure of deuterium and the 

discharge current. The plot shown in Fig. 4 indicates the increase in the production rate of 

neutrons from the source with the increase of current as well as filling gas pressure. It is 

noteworthy to mention that the device is continuously operated for 10 min at 60 kV applied 

voltage without damaging grid assembly.  
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Fig. 4: Variation of neutron production rate with filling gas pressure and the discharge current 

 

(ii) Detection of fusion neutrons by proton recoil methods:   

 Apart from the above mentioned electronic detectors the flux of fast neutrons can also 

be determined using specific non-electrical detectors namely NTD (CR-39).  On occurrence 

of the HV plasma discharge DD neutrons scatter elastically, and produce recoil protons or 

carbon or oxygen nuclei in CR-39 while interacting with it. However, all detected tracks are 

indeed due to protons as the scattered carbon and oxygen ions have a short range in CR-39 

due to their higher masses. Figure 5 (a) shows the reference sample, i.e. the unexposed but 

etched (6 hours) CR 39 plate and Fig. 5 (b) shows the plate exposed to neutrons (~ 106 n/s) 

and etched in NaOH solution up to 6 hours. The tracks formed in the plate are visible and 

shows some dark, round and oval tracks. The oval-shaped track is expected due to oblique 

incidence of neutrons. On increasing the current levels 10 mA and 30 mA, working pressures 

0.9mTorr and 0.7mTorr while keeping the voltage fixed at -60 kV the number of tracks 

increased (Fig. 5(c) and 5(d)) and revealed the increase in neutron flux from the cylindrical 

source.  We exposed CR39 to DD neutrons for 10 min at discharge voltage and current -60 

kV and 30 mA, respectively. After performing chemical etching for 6 hours, tracks are 

noticed in exposed CR39 detectors shown in Fig. 5 (c).   While comparing the present result 

with the earlier result, we observed that the number of tracks increases (from 57 tracks to 156 

tracks) on increasing the power to the grid.  
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Fig. 5: Formation of neutron induced tracks on CR39 (a) Unexposed and etched CR 39 sample, (b) 

Exposed sample of CR 39 and formation of neutron irradiated tracks, (c) Exposure to low flux of 

neutrons at 0.9 mTorr, -60 kV and 10 mA, (d) Exposure to high flux of neutrons at 0.7 mTorr, -60kV 

and 30 mA. 

(iii) Detection of fusion neutrons by bubble dosimeter: 

 To further verify the observation of neutrons from the cylindrical IEC source, we 

employed non-electronic bubble detector (BD-PND). The bubble detector was fixed to one of 

the windows of IEC device as shown in Fig. 6 (a). The filling gas pressure of 0.7 mTorr  was 

maintained inside IEC chamber and H.V. of up to – 60 kV, 10 mA was applied to the cathode 

grid. We found the development of bubbles in the detector as a result of incident neutrons in 

contact with the liquid droplets of the detector. The photograph shown in Fig. 6 (b) clearly 

shows the appearance of the detector before and after neutron exposure. As per the 

calibration reports of the detector using a known Am-Be source 1 bubble is equivalent to 1 

μSv of radiation dose. In our case when we exposed the dosimeter at -60 kV, 10 mA, the 

number of bubbles appeared was 11, and as soon as we increased the measured current to 30 

mA, the number increased to 13, i.e. recording the dose rate to 13 μSv. Thus, we have 

successfully reported in recording the neutron dose from the cylindrical IECF source using 

bubble detectors.  
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Fig. 6: (a) A typical photograph of the bubble detector placed in the front window of the IEC 

chamber (b) The exposed and unexposed bubble detectors to neutrons from the IEC chamber 

(iv)  He3 proportional counters: 

 The detectors mentioned in the earlier sub-sections are used for recording both the 

thermal neutrons (0.025 eV) in area monitor and fast neutrons (2.45 MeV). So, to study the 

DD neutron counts and energy of the emitted neutrons from the linear source we employed 

the He-3 proportional counter. The fast neutrons lose their initial kinetic energy and get 

attenuated in paraffin wax moderator and the 3He captures the thermalized neutrons. The 

slow neutron induced reactions which serves the basis for the conversion of neutrons to 

directly detectable charged particles is given by equation (13) mentioned below: 

)13(]764[,3
1

1
1

0
1

3
2  keVQHpnHe  

 The pulse height spectra of incident thermal neutrons were analyzed in multi-channel 

analyzer (MCA) which requires the supporting electronics viz. power supply, preamplifier, 

and amplifier. Figure 7 (a) shows the nuclear instrumentation module (NIM Bin) with 

associated supporting electronics for the detector.  The pulse height spectrum (PHS) of the 

background was initially recorded and shown in Fig. 7 (b). After observing the background 

pulses discharge was initiated and PHS of DD neutrons was recorded. It is observed that the 

pulse height appeared at channel number 1050 (shown in Fig. 7 (b)) corresponds to the total 

energy output of the above reaction (equation (13)) i.e. 764 keV. This pulse height is 

indicative of that the device emits 2.45 MeV fusion neutrons.  
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V. Conclusion and summary: 

The emission of DD neutrons from a table top cylindrical IECF device has been successfully 

monitored using various detectors. The NPR of 106 n/s at an applied voltage of -60 kV has 

been estimated in the present work. It has been proven that the NPR depends not only upon 

the discharge current but also on the filling gas pressure. The neutron emission from this 

source can be scaled up by introducing higher applied voltage up to 100 kV and reducing the 

filling gas pressure below 0.7 mTorr. Nevertheless other challenges like suppression of 

micro-arcs in the cathode region, external corona discharge along the high voltage cable 

routing, grid heating due to the increase in grid potential and interaction of energetic ions to 

the surface of the grid etc. need to be overcome for such high voltage operation. Future work 

will concentrate on operation of the device above 100 kV addressing the said challenges.  
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