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_Summary 

The electron beam gun system consists of a 5 x 25 em 
apertu\e hot cathode gun and a thyratron switched line 
type h1gh voltage pulse modulator. The gun is cathode 
pulsed with an operating range of 10 to 40 microsec
onds at a maximum val tage of 220 kV and maximum peak 
current of 20 amps. The equipment may be operated at 
a steady prf up to 150 pps for 15 seconds or in a 
burst mode of a few pulses each equivalent to the 
steady state rating. The pulse to pulse voltage sta
bility is achieved at the expense of efficiency by re
s~st~ve dampi~g the power supply filter, using a re
s1st1ve load 1n parallel with the gun and not counting 
the first low amplitude pulse of each burst. 

Electron Gun 

The electron gun cathode assembly consists of a stain
less steel enclosure with an array of 13 tungsten wire 
emitters, .025 em in diameter, 10 em long and equally 
spaced at 1.9 em. The emitters are heated with a 
current fed to the cathode assembly with a bifilar 
pulse transformer and high voltage bushing. The e
mission characteristics of the cathode are shown in 
Fig. 1. The cathode aperture is 5 x 25 em and was 
originally fitted with 26 rods .15 em in diameter and 
positioned with respect to the emitter wires as shown 
in Fig. 2. This configuration was intended to pro
vide an electrostatic lens to collimate the beam. The 
design of this lens was based on a two dimensional 

electron tragectory code1 which worked well in the 
crossection perpendicular to the emitting wires and 
lens rods. However in the plane parallel to the 
emitter prob 1 ems were encountered with this approach. 
The field penetration into the slots between the lens 
rods created a lens effect the two dimensional code 
did not predict satisfactorily. The result was a con
verging beam in the 5 em dimension with a convergence 
angle of about 7°. This problem was corrected by re
placing the lens rods with a coarse mesh screen with 
diamond shaped openings of approximately 1.25 x .75 em. 
The screen established an average field penetration 
which was much more uniform over the aperture and re
duced the convergence to 1 ess than about . 5o. The 
problem could also be corrected by using an extraction 
grid between the emitter wires and the rods but this 
also would require the undesirable complication of 
providing an electrical pulsed drive signal to the 
grid. With the beam convergence corrected by the 
coarse screen the electron transmission efficiency 
measured from the cathode input current to the current 

thru the foil is about 65%. 
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Fig. 1 

Emission 

Characteristics 
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High Voltage Arcin_g_ 

T~e E-Gun was intended to operate at 220 kV with a 
h1gh degree of reliability. It eventually met this 
goal. Initial testing revealed two sources of high 
voltage arcs; down the bushing and the cathode 
~sse~bly: The bushing is fabricated from nylon and 
1s 011 f1lled. In the original design the bushing was 
held in position with a threaded metal collar at the 
ba~e on t~e vacuum side. The threads trapped gas and, 
be1ng subJected to a very high electric field gradient 
created a plasma which initiated breakdowns from the 
threads across the surface of the bushing to the cath
ode. This problem was solved by modifying the bushing 
t~ eliminate the threaded metal collar on the vacuum 
s1de and _repl_acing its func~ion with a retaining ring 
on the 011 s1de of the bush1ng. After this source of 
arcing at about 100 kV was corrected a breakdown 
problem then became evident at about 150 kV between 
the cathode shield structure and the vacuum chamber 
body. 
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Fig. 2 

E-Gun Configuration 
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High voltage conditioning hy repeated arcing usually 
improved the breakdown level to the range of 160 to 
170 kV. Careful polishing and removing sharp edges, 
screw heads, etc. did not lead to any measurable 
improvement. Reliable operation at 220 kV 11as finally 
obtained by a glow discharge conditioning process. In 
this process the gun is pumped down to its normal 

operating pressure of about 10-6 Torr and then back 
filled with He to about 500 Torr. TheE-Gun cathode 
is then connected to the positive side of a high volt
age d.c. power supply thru a 5000 ohm current limiting 
resistor. The He pressure is then slowly pumped down 
while the voltage is slov;ly increased, forming a glow 
discharge, with periodic breakdowns. The current is 
maintained in the 20 to 40 ma range until the voltage 
limit of the supply is reached at 60 kV at a pressure 
of about .01 Torr. The time for this to occur is about 

15 minutes. The gun is then pumped down to about 10-6 

Torr and operates reliably as high as -240 kV, which 
is the limit of the high voltage cathode pul ser. At

1 

the design level of -220 kV, the arc rate is less than. 
one pulse in 10,000. No degradation is observed if 
the gun pressure is released back to the atmosphere 

and then pumped back to 10-6 Torr. However, if the 
cathode assembly is removed from the chamber and con
taminated by handling, it is necessary to repeat the. 
He glow discharge process to regain reliable operation 
at voltages higher than 160 kV. 

P ow~_r::_ ~_9_n _c!_:i_t_i_Qn _"!_Q_g_ 

The cathode high voltage pul ser is a thyratron 
switched line type modulator as shown in Fig. 3. The 
pulser consists of a high voltage d.c. poloJer supply 
with an inductive input filter. The filter is damped 
by the <JO resistor R1, as explained later. The H 
section PFN is resonant charged via the charging 
inductor L2 and holding diode CR1. The width of the 
pulse is adjustable from 40 microseconds downward by 
using correspondingly fev1er of the 14 PFN sections. 
The switch tube, v1 , is a KU-275C hydrogen thyratron 

which discharges the PFN into the primary of the 1:11 
step up pulse transformer T1. 
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The primary of the pulser transformer is also provided 
with an inverse voltage clipper, hard vacuum diode 
type 2-2000A. The clipper is required to provide 
additional load for the transformer backswing. The 
pulse transformer has a flux reset bias winding which 
is driven by a d.c. power supply thru a pulse isola
tion inductor L3 . The use of flux reset or bias 

allows the transformer core to operate with a flux 
swing approaching twice that of an unbiased core. 
Thus much less core material is required and the 
transformer is smaller and less expensive than a unit 
without core bias. The secondary of the trans former 
is bifilar and is used to provide heater power to the 
E-Gun. 480 volt power is fed up the bifilar winding 
to a filament step down transformer at the hot end. 
The filament transformer is in the same oil filled 
case with the pulse transformer. The filament and 
pulse power are both fed to the E-Gun thru a bifilar 
high voltage bushing. A copper sulfate resistor R

4 
loads the secondary of the pulse transformer in para
lell with the E-Gun. In the event of a load arc the 
reflected power is sensed in the inverse diode circuit 
CR2 and R3 via the Pearson transformer CT1 and a trig-
ger blanking circuit is activated. The majority of 
the reflected power from such a load arc fault is dis
sipated in the "end of line" clipper CR

3 , R4 on the 

PFN. Using a line modulator to pulse an E-Gun pre
sents three salient problems; (1) the first pulse is 
always low in amplitude unless a command charging cir
cuit is used, (2) operating the gun over a range of 
currents creates impedance matching problems, and 
(3) power supply filter ringing causes varying ampli
tude pulses at the beginning of each burst. The 
problem of the low amplitude first pulse was tolerated 
in this particular application by essentially ignoring 
it. Specifically, the E-Gun system is used to provide 
ionization for an electrical discharge laser (EDL). 
The system is programmed to blank the electrical power 
loading to the EDL on the first pulse allowing only 
theE-Gun to fire and thus ring up to rated amplitude 
on the second and following pulses. The problem of 
the impedance match changing with changes in E-Gun 
operating current was overcom~ by swamping out the 
E-Gun impedance variation with a high val tage 100 
liter copper sulfate resistor R4 in parallel with the 
E-Gun. 
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A 2300 ohm resistance is used which provides a net 
impedance variation to the modulator of 2300 ohms to 
1900 ohms as the E-Gun current varies from zero to 
20 amps peak. This is obviously an electrically in
efficient· solution but for laboratory use is more 
practical and economical than changing PFN impedances 
to match each 20% change in E-Gun impedance. Of 
course a hard tube modulator could have been used but 
this is an even more expensive alternative than multi
ple PFNs. The output voltage waveform is shown in 
Fig. 4. The waveform shown is quite noisy due to the 
high attenuation of the voltage viewing divider and 
thus the very low level signal fed into the waveform 
digitizer. A most troublesome problem was the amp-
1 itude variation caused by the ringing of the power 
supply filter at the beginning of each burst. The 
amplitude variation resulted in a modulation of the 
EDL discharge impedance, and thus the laser cavity 
voltage. This could not be tolerated for two reasons. 
First the cavity is opera ted near the breakdown 1 eve 1 
and numerous cavity arcs resulted 
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Fig. 4 

Output Voltage Waveform 

Approx. 40 kV/cm, lO~sec/cm 
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Fig. 5 

Output voltage burst without R1 
Approximately 70 kV/cm, negative pulses. 
Pulse width approximately 30 microseconds. 
PRF = 150. 

Second, the corresponding change in energy loading is 
even greater than the voltage modulation and would re
sult in unacceptable variations in the laser pumping. 
The ringing of the power supply filter was reduced to 
an acceptable level by the damping action of R

1
. It 

was necessary to increase R1 to 90 ~ in order to de

crease the voltage ringing to an acceptable level. A 
wave fonn digitizer (Tektronix ) was used to record 
the first few pulses of a burst with and without R

1 
in 

the circuit. The data was taken at 150 PPS and is 
shown in Figs. 5 and 6. The time base is compressed 
between pulses, the pulse width is 30 microseconds and 
the time between pulses is 6.67 milliseconds. The 
addition of damping to the filter circuit was chosen 
as the solution to the problem in this case because 
the power supply had the filter inductor built in as 
an integral component. A better solution for similar 
situations in the future is to use a capacitive input 
filter for the power supply. The capacitive filter 
eliminates the ringing problem more efficiently than a 
damped L-C filter and usually results in a smaller and 

2 more economic overall system. 
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Fig. 6 

Output voltage burst with R1 = 90 ~ 

Approximately 70 kV/cm, negative pulses. 
Pulse width approximately 30 microseconds 
PRF = 150 


