
Scaling Study of Pseudospark Produced Electron Beam* 

K. K. Jain,tB. N. Ding,tand M. J. Rhee 
Laboratory for Plasma Research and 

Electrical Engineering Department 
University of Maryland 

College Park, Maryland 20742 

Abstract 
‘I’he characteristics of the breakdown voltage of a pseu- 

dospark device, the current, and the rms emittance of 
c>lectron beam produced in the device are determined. It 
is found that the breakdown voltage is a function of the 
~)~<~duct, of the gas pressure squared and the anode-cathode 
g:~p distance; the electron beam current increases wit,h the 
t)r(,;tkdown voltage up to 35 kV and then decreases; the 
r111s remittance appears to be nearly constant up to the 
bre;lkdown voltage 25 kV and then increases. 

I. INTRODUCTION 

Recently, the pseudospark discharge[l-81 has gained con- 
sitic~rable attention because of its interest,ing discharge 
clinractcrist,ic[2-41 as well as its capability of producing 
a high-quality electron beam.[5-81 It is imperative to de- 
t,erIrlillc the characteristics of the breakdown voltage, the 
(TI<>ctron beam current, and the beam quality of the pseu- 
tl~sl~~k device not only for a better underst.anding of the 
discharge but also for the scaling of further applications. 

In t.his work, we report least-squares-fit analyses of 
breakdown voltages of a multigap pseudospark device, 
I)(‘itk current,s and rms emittances of the el&ron beam pro- 
duced in the device. The results show that the breakdown 
voltage is a function of p’d; the electron beam current in- 
cr~ascs up to 35 kV and then decreases and it increases 
lillc>arly with the capacitance; the rms emittance appears 
to be nc,arly constant up to 25 kV and then increases. 

II. EXPERIMENT 

‘L’trc experirnent,al setup is shown in Fig. 1. The dis- 
charge chamber consists of a planar cat,hode with a hollow 
cavity, a number of sets of intermediate electrodes and in- 
sulators, and a planar anode. A center hole is present 
through the ent,ire electrode system. The anode-cathode 
gap dist,ance is varied by employing different number of in- 
t,crnrcdiat.c t,lcctrodc sets (each set. is 6.4 mm thick). The 
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Figure 1: Experimental set,up 

capacitance as initial energy storage of the chamber is var- 
ied by connecting different combination of low inductance 
type capacitors. Argon gas is used in this experiment and 
the pressure is measured by a capacitance-manometer type 
vacuum gauge. The cathode side of the chamber is charged 
up to -50 kV through a 20 MQ charging resistor. The 
charging voltage is measured by an electrostatic voltmeter. 
The electron beam current is measured by a Rogowski coil 
and a Faraday cup. The emittance meter consists of a se- 
ries of parallel thin slit,s of 200 pm width and 2 mm spac- 
ing constructed from 0.5 mm stainless steel plat,e and 2 mil 
thick radiachromic film used as a beam detector, which is 
placed 10 mm downstream of the slit plane. 

Initially the chamber is evacuated by an oil diffusion 
pump typically down to 10e5 Torr. The cathode side of 
the chamber is then charged to a given voltage. The argon 
gas pressure of the chamber is t,hen increased at a very slow 
rate, dp/dt x 1 mTorr/sec, unt,il breakdown takes pIact>. 
For the given voltage, the pressures at which t#he break- 
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down takes place and the waveforms of the electron beam 
current produced are recorded for a wide range of exper- 
imental parameters: voltage, anode-cathode gap distance, 
and capacitance. 

III. THE BREAKDOWN VOLTAGE 

In order to determine the functional dependence, the 
measured pressures are least-squares fitted to a regression 
plane given by a simple two variable function 

p(d, u) = avbdc (1) 

where p, ZI, and d are the pressure in Torr, voltage in kV, 
and the anode-cathode gap distance in mm, respectively, 
and the coefficients a, b, and c are to be det,ermined. 

The least-squares fitting is done by employing a numer- 
ical method, called the grid search, described in Ref. 9. 
‘l‘he algorithm of the m&hod includes the following steps: 
Start,ing with the initial values of the coefficients a, b, and 
c, &i-square is evaluated as x2 = cCpl - avfdC)]‘/(N - 
II - 1) for the entire data set, where N = 250 is the total 
number of data points and R = 3 is the number of coef- 
ficic,nts. The value of a is then increased (or decreased) 
by a small amount and x2 is again evaluated to compare 
with the previous value. This st,ep is repeated until y2 
reaches its minimum. The same procedure is repeated for 
the coefficients b and c. All of the above steps are iter- 
ated many t,imes until x2 converges to a minimum value 
at which point the values of a, b, and c for the best fit are 
obt,ained. 

The result,s of this numerical analysis are summarized 
in the following: a If g’a = 0.6851 f 0.0003, b f ub = 
-0.2252 It 0.0014, c f u, = -0.5012 If: 0.0016. The regres- 
siou plane with the least-squares-fit coefficients is depicted 
by t,hc solid lines and plotted together with the data points 
in Fig. 2. It should be noted that the choice of p as the de- 
pcndcnt variable in Eq. (1) instead of u (or d) is because of 
t.he convergence speed in the numerical calculation. Equa- 
tion (1) is rewritten in a more traditional form, 

4~ 4 = 4(ppd)6 (2) 
where a = 0.1865 f 0.0019, ,fi = 1.9952 +Z 0.0064, and 
1; = 2.226 f 0.016 are found from t,he values of coefficients 
(I, 6, and c. It is interesting to note that the value of ,0 is 
very close to 2 which is well within the error range. This 
suggest,s that the breakdown voltage is a function only of 
the product, p’d. Other results[lO] show a dependence of 
pd” =, which seems to closely support this p’d dependence. 

IV. THE ELECTRON BEAM CC'RRENT 

The peak current of the electron beam measured with 
t,he anode-cathode gap distance of 38.4 mm is least-squares 
fit,tccl to a funct,ion 

II, = (Ul + azC) exp[-( li - a3)2/2ai], (3) 

anode-cathode gap (mm) 

Figure 2: Measured pressures and the least-squares-fit re- 
gression plane. 

voltage (kV) 

Figure 3: Measured peak currents and the least-squares-fit 
regression plane. 

where C is the storage capacitance (nF), V is the break- 
down voltage (kV), al, ~2, u3! and a4 are the coefficients 
to be determined. The same numerical method described 
above is used. The coefficients for the best fit are found 
to be al = 213.6 (A), a2 = 842.4 (A/nF), u3 = 34.76 (kV) 
and u4 = 9.05 (kV). Th e resultant regression plane and 
data points are shown in Fig. 3. 

V. THE RMS EMITTANCE 

For the emittance measurement, exposure of approxi- 
mately ten consecutive beam pulses to a radiachromic film 
through the slits in the emittance meter is made. .4n 
attempt is made to scale the emittance with the break- 
down voltage by measuring the emittance at several dif- 
ferent breakdown voltages. Typical optical density profile 
of the radiachromic film after exposure is shown in Fig. 
4. It is very reasonable to assume that as in Ref. 11, the 
beam produced in this experiment is axisymmetric and of 
Maxwellian transverse velocity distribution. This allows 
us to use the simple slit-hole type emittance meter, whose 
results can be easily analyzed.[ll] The emittances vs the 
breakdown voltages are plotted in Fig. 5. 
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Figure 4: Typical optical density profile of the radi- 
achromic film. 
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Figure 5: The rms emittance vs the breakdown voltage. 

V. CONCLUSIONS 

In conclusion, the breakdown voltage of a pseudospark 
device, the peak current and rrns emittance of the elec- 
tron beam produced in the device have been measured for 
a wide range of gas pressure, anode-cathode gap distance, 
and storage capacitance. The measured data are analyzed 
by a least-squares-fit method. It is found that the break- 
down voltage is a function of the product of the gas pres- 
sure squared and the anode-cathode gap distance; the elec- 
tron beam current increases linearly with the capacitance 
and increases with the breakdown voltage up to 35 kV and 
then decreases; the the rms emittance is nearly constant 
up to 25 kV and then increases. 
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