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ABSTRACT Some properties of the ion beam produced by pinched electron
beam diode having conical shape electrodes and organic insulator anode was
studied. Ion energy is about 200keV and the peak diode current is about 30
kA. At 11cm from the diode apex, not the geometrical focus point, concent-
rated ion beam was obtained. Its density is more than 500A/cm^. The inean
ion current density within the radius of 1.6cm around the axis from coni-
cal diode is two or three times that from an usual pinched electron
beam diode with flat parallel electrodes of same dimension and impedance
under the same conditions.

INTRODUCTION

The current density of intense ion beam produced by the pinched ele-

ctron beam diode is higher than that produced by the magnetically insulat-

ed diode, but the efficiency of the ion beam production by the former is

lower than that by the latter.

It is expected that by the conical type pinched electron beam diode

the ion beam concentrated near axis can be produced and the efficiency of

the ion beam production become higher, because the distance between the

anode and the cathode become gradually shorter to the center of the elect-

rode and the travelling distance of the electron is longer than the usual

flat parallel diode.

Following the consideration on the pinched electron beam diode by

Goldstein et al. , next relation is drived for the conical type diode.

ion current density is proportional to 1/r2

instead of 1/r in the case of the flat para-

llel diode.

Thus the ion beam current within radius

r is .
1 In r/r

P

(rb pinch radius) Fig. 1
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In (2)
sin5

This is larger than the efficiency of

the ion beam production by toe flat parallel

diode

BT* (3)

Fig. 2

In this experiment some properties of the ion

beam production by coaxial conical pinched electron beam diode were studi-

ed and compared with that from an usual flat parallel pinched electron

beam diode having the same radius and the impedance under the same condi-

tions.

EXPERIMENTAL ARRANGEMENT

The higu voltage pulse generator in Osaka City University (MIROCU)

is consist of a Marx generator and a Blumlein circuit. The maximum storage

energy and charging voltage of the Marx generator is 6.25kJ and 500kV,

the impedance and the pulse length of the Biumlein circuit is 5fland 100

nsec respectively.
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Fig. 3 Experimental Set-up

(A.) Blumlein out put, (B) prepulse gap,
(C) diode, (D) biased ion collector
(E) Rogowsky coil for diode current measurement
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As shown in experimental set-up (Fig. 3), the prepulse gap and the

diode are, mounted to the output of the Blumlein in succession.

The prepulse gap utilizing the surface discharge of plastic insulator

has the directional character of breakdou-n -*".c to rli« P1^^.-.^. ;:li--/-,-.

The geometrical dimension and the cal culated impedance of the three

types of electrode used in this experiment are shown in Fig. 4.

Each diode consists of solid plastic insulator Delrin (Du Pont) anoae

and metal (brass) cathode. The diameter of the anode is 12cm and that of

the cathode is 8cm. The anode has a metal center pin (as shown in Fig. 4)

and the cathode has a ion beam outlet hole with diameter of 3.5cm.

The ion beam passing through the outlet hole is measured by a biased

ion collector.

Type

Calculated
impadance
(200kV)

A

9=56°

6=40°

7.5S

B

e=90"

6=65°

8.98

C

d=13mm

7.en

Fig. 4 Three types of electrode

Impedance was calculated from parapotential model '
for conical electrode A and B, and from focus flow
model^or parallel electrode C

EXPERIMENTAL RESULTS

Fig. 5 shows the wave form of the voltage at the output of the Blum-

lein, the ion collector signal and the diode current. The peak of the vol-

tage is 200~250kV.

The diode current reaches to the peak value after 50nsec from the mid

point of the voltage pulse, this delay is not due to plasma production on

the surface of the insulator anode, because the diode with metal anode of
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same shape shows the same delay of the peak of the diode current. The

peak of the diode current is 3O~35kA for each diode of above three types.

The ion beam was measured by a

biased ion collector at the distance

of 11cm from the diode apex,this po-

int is apart 6~7ccn from the geomet-

rical focus point. *"tThe sensitive

area of the collector is larger than

the area of the outlet hole of the

cathode. The window of the collector
-TV

1
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Voltage

200kV/div

consists of more than ten holes with
•m,

diameter of O.\cm. distributed within

1.0cm from the axis.

The maximum current of the ion

beam is generated about the time of

the maximum diode current. The dura-

tion (half width) of the emission of

the ion becm is about 70nsec. Ion

energy measured by the time of flight

arriving to the ion collector at the

different distances is about 200keV.

The mean ion beam current densi-

ty from three types of diode within

the radius of 1.6cm around axis thr-

ough 16 pinhole are compared in

Table .

The mean ion beam current densi-

ty from tha conical type diode is

2M3 times that from the flat para-

llel diode.

The radial distribution of the

ion beam current density in the case

of the type A c'.iode is estimated as

follows.

Assuming the radial distribu-

tion of the ion beam current density

is Gaussian Aexp(-r2/a2), the ion

current detected by the ion collect-

ion beam
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Diode
type

A

B

C

Fig. 5

Table

Maximum case
of ion beam
density

.206 A/cm2

117

61.3

Average of
several shots

158 A/cm2

103

51.6

- 32 -



or is expressed by next equation.

I;= In- s A exp(-r:2/a2)
jo o
n: : number of pinhole at radius r

i

s : area of pinhole

Three kinds of plate with different distribution of more than ten pi-

nholes were used for the window of the ion collector.

Two parameters A and a of Gaussian <-alcui.3t:ecj by the method of least

squares from 8 measured values of ion beam current are 5S7A/cm2 and 8.76mm

respectively.

Fig. 6 shows the relative position of the arrangement of the diode

and the ion collector and the radial distribution of the ion beam current

density.

Emitted ion beam is sharply con-

centrated near axis narrower than the

diameter of the cathode outlet and

the ion beam current density is more

than 500A/cm2.

The ion beam current emitted from

the conical diode type A within the

radius of 1.6 cm around the axis,

integrating the abcve radial dist-

ribution, is about 1.4 kA, this is

about 4.5% of the diode current '\<30kA.

This efficiency is smaller than

the expected value from the equation

(2) %7.8%, for the conical diode type

A, but fairly higher than that

from the equation (3) %1.3%,forthe

flat parallel diode.

Fig. 6

Relative positior of diode and ion
collector, and radial distribution
of ion beam current density

Jt= 587 exp ( -r
z/0.88cn? ) A/cm2
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CONCLUSION AND DISCUSSION

By the pinched electron beam diode having conical shape electrode,

at the low voltage operation, sharply concentrated near the axis and high

current density, more than 500A/cro2, ion beam was obtained.

Mean ion beam current density near the axis is two or three times as

large as that from a flat parallel pinched electron beam diode with same

radius and impedance under the same conditions.

The efficiency of ion beam production within the radius of 1.6cm is

about 4.5% of the diode current that is fairly larger than that from the

flat parallel diode.

Since the efficiency of the ion. beam production is proportional to B;.

it is expected that at the high voltage operation the remarkable improve-

ment of the efficiency of ion beam emission can be obtained as a result

of increase by a factor 2^3 of efficiency.
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