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PREFACE

This report describes the first phase of a program to develop a new

clams of linearly scalable, low Inductance thyratrons that are matched to

the gecutry of high current stripline pulse modulators. A number of

applications, including high-poer pulsed lasers and particle beam

accelerators, require this type of switch. mathematical Sciences

Northwest, Inc. (IUIM) and Impulse Electronics originated the concept and

have collaborated to design, build, and test a 10 cm-long experimental

linear thyratron.

A nuer of Innovations are incorporated into the tube design. A

unique grid, anode, and insulator configuration in included for high

standoff voltage (up to 100 kV). Dispenser type linear cathodes are used

for their high current density (up to 100 A/cu 2 ) and their ability to

operate without heater power. A tetrode configuration is used to permit

unifozm plaio formation and short cmmtation time (10 nsec). A nuber of

diagnostic ports are Ited in the tube walls to permit observation

of the temporal and spatial behavior of the plasmi produced in the tube.

During the Initial tests, the experimental linear thyratron

successfully held off voltage up to 25 Ky, the highest that was applied,

and suocessfUlly switched currents up to 2 ka at a charge voltage of 15

WY. the mimum current was limited by the ga (neon) used in the

thyratron and by the Inductance of the circuit used in these preliminary

tests. The discharge plama, both in the grid-anode and grid-cathode

spaces, spread uniformly along the entire length of the tube during

come tation. Although this spreading was sensitive to gas pressure and

auiliary grid current, the discharge plma was uniform even when the
thyratron Mas operated with no external cathode heater pover. The

tnyratron perfomance tests were terminated prematurely by the.o-

mechanical failure of the awliliary grid supporting structure. The grid

" iii
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structural problem can be overcome by using materials for the supports.

The initial tests demonstrate the feasibility of the linear thyratron
concept and the soundness of the basic fabrication approach. The results
confirm the possibility of developing a new class of closing switches that
are lineary scalable, provide high standoff voltage (100 kV), high current
(100 kA), sh?6t commutation time (10 nsec), and are capable of reliable, long
lifetime (10 pulses) operation. This type of switch would displace the

* majority of other switches used in high power military and commercial lasers
and particle beams, and it could find application in many other pulsed power
systems that requires a stripline geometry. Since the cathode requires no
standby power, these linear switches would be suitable for space applica-
tions.

This study was performed under United States Air Force Contract
F33615-82-C-2244. The contract was funded by the Defense Advanced Research
Project Agency (project officer Lt Col R.P. Benedict, DARPA/DEO). The Air
Force program manager was Dr Alan Garscadden, Energy Conversion Branch,
Aerospace Power Division, Aero Propulsion Laboratory, Wright-Patterson AFB.
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Section I

LZIR 2MIM~ IMSIGN ANw PABRIC2'XO

1.1 1W APP

The conceptual design of the linear thyratron was a joint effort of

Impulse Electronics and nStI. The detailed design and fabrication

described in this section were carried out by Impulse Electronics. Setting

up the experimental test facilities, conditioning the thyratron, and making

all experimental measurements were done by NSPW, as described in Section 2.

The design objective for the linear thyratron is to provide a fast,

high-voltage, low-inductance switch for large-scale, short pulse lasers and

other systems that utilize parallel plate pulse modulator geometries.

Figure 2 illustrates a possible laser assembly using the linear thyratron.

Commercially available thyratrons cannot supply the peak currents and fast

risetimes required by these laeers and still met lifetime specifications;

present data indicates a rapid reduction in lifetime with current for these

thyratrons.(12) In addition, standard thyratrons require significant

standby heater pwer, which is undesirable for many applications that

demand high 'wall-plug, system efficiency.

There have been several major obstacles in previous attempts to

produce ow Inductance, high current thyratrons. One limitation is

associated with the cylindrically symetrical tube geometry that has been

used, which is inherently higher inductance than a linear (stripline)

gemetry. A closely related limitation is the use of permanent ceramic-to-

metal seals in thyratzon construction, which successfully permits high

tomperature bekeout of the tube to yield a long-life, sealed-off

structure. inwever, this type of construction is subject to thermally

Induced stress, which restricts the mamdm scale dimensions of the tube

and also prevents the use of an elongated (linear) geomtry. Finally,

studies of large experimental thyratrons built for low inductance and very

1
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high dI/dt have shown that the plasma often does not form uniformly within

* the tube. ( 3) Instead, ml, high current density regions are formed, which

produce cathode damage and also result in an inductance that is higher than

the value calculated on the basis of a uniform plasma. Earlier studies of

conventional thyratrons using oxide-coated cathodes showed that the time

required for the discharge to become uniform over a 1 inch dimter area

could be as long as 350 nrec. ( 4 )

The design approach used here for the linear thyratron is based on a

new structural concept that can be scaled linearly and does not involve

oven-fired, sealed-off fabrication methods. High vacuum techniques are

used in an O-ring sealed linear (or rectangular) chamber configuration that

provides high gas purity. New (non-ceramic) insulator materials are

incorporated that provide high voltage holdoff capability. A gas flow

supply and exhaust system is used that eliminates the need for a hydrogen

reservoir and permits other gases, such as helium, to be used. A high

current density cathode material is used in a tetrode configuration, which

aids in rapid formation of a uniform plasma.

-.1 The linear thyratron incorporates additional features to solve other

major prblem now encountered by commercial thyratrons in laser

applications. The cathode is of the dispenser type, with documented

current densities of 30 to 100 A/c2 and stable operation at room

terature, i.e., with no cathode heater power. ( S- 7 ) Lifetimes of tens of

thousands of hours are posible with this cathode. ( O ) Fast switching times

can be achieved by operating the linear thyratron at hydrogen or helium gas

pressures approaching 1000 microns. The tube can be operated at these high

pressures because the linear control grid structure allows grid slots to be

tightly baffled (to insure high voltage holdoff in the grid-anode space)

while keeping the current density in the grid aperture region during

ComMO Ition, low I to 2 WRnC2 , the quenching limit for microsecond

discha.

'.4
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in addition to the high performance design features described above,

a.. this first experimental thyratron is designed with optical ports in the

tube walls that permit direct viewing of the cathode-grid space and the

anode-grid space. These ports allow quantitative time-resolved

spectroscopic and interferometric diagnostic techniques to be used to

measure plasma properties during the formation, conduction, and recovery

stages of thyratron operation.

1 .2 EXPRINWAL LINRR THRRO DSIG

-The linear thyratron incorporating these advanced design features is

* schematically shown in Figure 2. The tube is a tetrode, with an auxiliary

grid placed between the cathode and the control grid. The auxiliary grid

is driven by a dc power source both to insure uniform cathode emission and

to provie a grid-cathode plasma prior to commutation. This grid plays an

4. : essential role in the uniform discharge-spreading in the thyratron. The

importance of the auxiliary grid will be further discussed in the section

on test results. Future work will include pulsing the auxiliary grid.

The high voltage holdoff structure consists of the anode, the control

grid and its electrostatic shielding baffles, and the main insulator. The

anode and grid sttactures are derived from the most recent experimental

studies of conventional thyratrons. The insulator, however, is altered

significantly. In thyratrons, the alumina insulator and its surface are

believed to be a major contributor to the present high voltage holdoff

limits, as discussed below. With continuous gas pumping and purification,

with a lower teperature cathode, and with low thermal dissipation through

the walls of the switch, less perfect seals and increased outgassing rates

can be tolerated. This frees us from dependence on alumina as an insulator

and structural element.

Relevant literature on surface breakdown wan reviewed to determine

the optimum high voltage insulator material. The principal candidates were

Pyrex, quartz, or glazed alumina. Good glaze candidates are chrome or

4
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copper oxide glazes. It seems well established that the high-alumina main

insulator now being used in conventional, external-anode hydrogen

thyratrons is made of a material among the worst available with respect to

A high voltage flashover. Its poor performance is the result of secondary

electron yf 1-d and electron-bombardment-induced outgassing, both of which

contribute to flashover. 9 1 0 ) Both of these faults may be significantly
enhanced by high-alumina's typical rough surface morphology.

critical acceptance criteria considered also included timely

availability, ease of sealing to the mounting flanges, dimensional

stability, and ability to fabricate with the required dimensional

precision. Optical transparency was not a criterion, since the tube design

included a window on the anode flange to give a clear view of a portion of

N: the grid-anode discharge. After considering all factors, a simple quartz

structure was selected because it offers the best combination of mechanical

stability and precision, high voltage holdoff, and ease of fabrication.

This configuration and choice of materials closely duplicates the most

critical elements of the earlier experimental 100 kV single stage thyratron

investigated by Mancebo. (11)

The cachode material is barium aluminate impregnated tungsten. This

type of cathode has been used extensively in long-life electron tubes such

as TVs for satellites and high power klystrons. It was only

recently,(3-5) however, that this material was found to emit at

extraordinary current densities in thyratron-type tubest over 300 amps/cm2

at a few hundred degrees centigrade, and up to 80 amps/cm2 even at room

.. temperature (i.e., with no heater power). We have used this material in a

shallow, vane type cathode structure for increased emission area. In spite

of its current loading, this cathode, designed specifically for high di/dt

and short pulse operation, is much less prone to local thermal runaway and

discharge current localization than conventional thyratron cathodes. The

present generation of thyratrons, even the most recent designs, still use

extended vane oxide cathodes designed for 1-10 microsecond pulses at

moderate di/dt. Such cathodes are poorly utilized under high di/dt short

6



pulse conditions, and the gas contamination caused by the resultant

overheating is still another cause of high voltage failure. These problem

are avoided with the use of barium aluminate impregnated tungsten

cathodes.

The cathode dimnsions are 0.6 inches wide by 4 inches long. The

expose emissive surface contains 5 longitudinal grooves 0.05 inches wide

by 0.06 inches deep. The total surface area of the cathode is 30 c0 2 .

Assuming a nominal room temperature emission density of 80 A/cm 2 , the peak

current capability of the cathode is 2.4 (LA. This cathode should be

capable of 10 KA peak current when heated to a temperature of 10000C,

based on current density versus temperature measurements.(12)

The cathode is directly heated, with two molybdenuIm end-rods bolted

to a cathode feedthrough structure.* The cathode itself iS electrically

tied to the cathode baseplate through a low-inductance Hasteloy support

structure.

"4. The control grid surrounds the anode with a single grid slot on each

side of this re-entrant anode-grid structure. At 5000 A peak, the grid

slot will operate at a current density approaching 1000 A/cm2 . The length

of the control grid is 10 cm, and the dimensions of the thyratron indicate

the inductance of the tube to be no more than 10 ni when mounted in a

closely fitting metal housing (no viewports). The control grid, anode, and

auxiliary grid are made of stainless steel.

a.. The section drawing of the linear thyratron (Figure 2) indicates

eight viewing ports for observing the discharge during tube co m tation.

These windows are situated two per side on opposite sides to provide a

transverse view of the grid-cathode region, two an one side of the anode to

view the grid-anode region, and one view port on each end of the thyratzon

to provlde a longitudinal view of the grid-cathode region. The photogra~h

of the thyratron in Figure 3 shows how these view ports are placed. The

side and end windows provide a direct line of sight to the cathode, so

7
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cathode temperature can be measured with an optical pyrometer. The

viewports are sealed by viton o-rings while the cathode baseplate region is

sealed by copper gaskets. The entire structure is demountable.

1. 13 591i dN3 I C3M1N

Following completion of detailed design of the experimental linear

thyratron, the fabrication process was initiated. Suitable vendors for all
components were selected and orders placed. The long-lead items included

the dispenser cathodes (supplied by Spectra-Nat, Inc. ), the main quartz

insulator (supplied by Valley Design and by Wakefield Precision Optics), a

nuber of high vacuum metal flanges (supplied by Varian, Inc.), and the

optical window assemblies used as viewing ports (supplied by Yankee

Gliasblower and by Valley Design).

During fabrication of thaee parts, a nmer of difficulties were

-mwhimtcrhd uii~i led to schedule delays and caused the fabrication process

to ouvr the period fromi Setember 1902 to Nay 1903. Delivery of the

cathodes was delayM by four months. Early attpts to fabricate the

optical viewing ports introftMd m ssive distortion and required rework.

hue fabrication of the main quartz insulator proved to be mwah More

difficult than sipected. It was finally delivered to Impulse Zlectronics

S/ in January 1903. To resolve somm of the difficultie, the dimensions of

the insulator were altered, necessitating cuanges in the anode, grid, and

C' thyratron body dimensions, whhih then had to be reworked. The insulator

also contained several flaw which did not, however, cause any difficulties

in thy- ron performance. A eomd quarts insulator was later fabricated

wit 2 vs and is now available a a spre pert.

Se ~-Apleted thyratron as deliverd to mE in My 1993, and the

exiperimental test program described in Section 2 was carried out.

9 w
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Section 2
4.,

The experimental test facility for the linear thyratron assembled at

included a bakeout oven, a high vacuum pumping station, a gas handling

system, an electrical supply and trigger system, and the associated

thermal, electrical, and gas diagnostics. in this facility, the thyratron

was first evacuated and baked out, the cathodes were activated, the

quiescent operation of the tube was determined, and the electrical pulse

characteristics of the thyratron were measured. The experimental facility

and the test results are described in this section.

2.1 IN X L FACILXT

To outgas the thyratron before applying heater power to the cathodes,

a large, enclosed oven was use that is capable of temperatures up to

5000C. The oven temperature m kept below 2000C because of the use of

Viton O-rings for som of the meals on the linear thyratron. A 301/sec

high vacuum ion pump system was connected to the thyratron during bakeout.

This ion pump remained as part of the thyratron gas handling system and was

S. used to retain high vacuum when the tube was not being tested. This

procedure insured that the dispenser cathode was not poisoned between

tests. Pressure measured at the ion pump was 10-7 Torr and thyratron

pressure was estimated to be about 10-6 Torr.

The gas handling system is shown schematicaly in Figure 4. The

: jportion of the system shown as bakeable by the dashed line in Figure 4

included perts that all could be baked out at a tee rature of at least

200*C. This part of the system was sealed off by the high temperature,

high vacuum valves and could be connected to the gas supply and the cold

trap and pump system after bakeout.

10



- ~- ..- - - - -* -- -.

.1

.2 I

NW I

A I

I

I
I U',

4. I
I
I I
I a
I

0

4 1

I 1'
3

2 Si

Mg Iii
II',

-S

I1 11

- -*. -'S
~



During a test, the thyratron was backfilled with the operating gas to

the desired pressure through a cold trap and valved off. Pressure was

measured at the tube by a thermocouple gauge. The system was leak tight as

determined by a helium leak detector. There was no measurable leak rate on

the thermocouple gauge over an eight-hour period when the tube was operated

at gas pressures of 200 to 500 mIorr. During testing, the thyratron was

periodically pued out by a roughing pump connected through a cold trap

and then refilled. No tests were performed with gas flowing through the

tube, although the gas system is capable of this.

The linear thyratron was tested electrically using the grid drive

circuit shown in Pigure 5 and the high voltage pulse circuit shown in

Figure 6. The auxiliary grid was driven by a d.c. supply that delivered a

current up to several hundred milliamps. In this initial test circuit,

pulse charging of the anode was not used. The discharge capacitance was 12

nF and the load resistance was 2 obms, corresponding to an RC decay time

constant of 24 nsec. No attempt was made to build a low-inductancae

discharge circuit for these initial measurements. The waveforms obtained

and described in Section 2.2 indicate that the test circuit inductance was

about 200 nH, corresponding to an L/R time constant of 100 neec.

Diagnostics included standard thermocouples in the bakeout oven and

at a number of locations on the thyratron body to assure the integrity of

the Viton 0-ring seals. The cathode teperature was measured by an optical

pyrometer through one end port window. Cathode heater d.c. current and

voltage and auiliary grid d.c. current and voltage were measured by

conventional methods. The pulsed voltage across the thyratron during

coautation was measured with a Tektronix P-6015 probe (10 neec risetime)

and the current conducted by the tube was measured with a Pearson current

transformer (10 nsec risetime). A Tektronix 7944 dual-beam oscilloscope

was used to record voltage and current waveforms.

12
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, ntially, the thyratron was outgassed usin the on pp and the

bake-out oen. Over a period of about one week, the oven temperature as

gradually increased the tube pressure deceased until a stable pressure

of less than 10-7 Torr at the ion p was achieved wih the oven

temperature at about 180c. The cathodes were then activated by gradually

increasing the cathode current while maintaining ahigh vacuu m in the
thyratron using the ion pump.

The firustep in evaluating the linear thyratron involved

documenting the quiescent operation of the tube with no applied anode

voltage. Figure 7 shows the cathode temperature versu cathode voltage for

two different tube pressures. n the ,ntial tests, neon rather an

o helium w used beaus neon i eamily puonced out by the ion pP.

o subsequent tests uslng hydrogen were planned but were not carried out

beause of a th ratron structral failure that is d ibed later. t a
pressure of 300 microns neon, the cathode reaced so C at a cathode

voltage of 11.*5 V and a cathode current of 35 A.

Figure T illustrates auxiliary grid breakdan voltage versus te
pressure at a cathode temperature of 900"C. The plami fozuad by this

discharges could be seen through any of the grid-cathode winows. After

-' operating the tube with a heated cathode, it wa noticed that the auxiliary
grid was not parallel to the cathode; one end seemed to be sagging, as

shown by Fi'gure 9. (This sagging becm more prnune during thyratron

evaluation until the grid finally touched the cathode. Tytron testing

wa stopped prematurely ocoe this grid shorted out to the cath~ode. Thermal

fatigue at the auxiliary grid support structure caused this unfortunate

.- failure. ) The cathode and auxiliary grid behaved an exece before grid

failure.

14
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Figure 10 illustrates the control grid breakdown voltage versus tube

pressure for different settings of auxiliary grid current. Figure 11 shows

a typical oscillogram of voltage and current at the control grid.

Figure 12 shows a typical oscillogrm of tube comutation with a hot

cathode (9000C). The duration of the discharge current pulse was

approximately 120 nec ruM. Table 1 mnmarizes the switching

characteristics of the thyratron with a hot cathode.

Table 1

Peak Anode Voltage 15 KV
Peak Discharge Current 2 KA

Discharge Current Duration 120 nsec FWH

" Anode Fall Tim (500 microns neon) 100 nsec

' Auxiliary Grid Current 100 fA

Cathode 'keperature 9000c

The discharge plama did not spread uniformly across the thyratron

when operated with a hot cathode. First, the auxiliary grid-to-cathode

plasma was not uniform along the length of the grid. Most of this grid-

cathode ionization appeared at the end of the auxiliary grid furthest away

from the cathode. (I.call that the auxiliary grid was not parallel to the

cathode because of a failure in the grid support.) The wain discharge from

the 12 nF capacitor bank was sen to form in the san area as the auxiliary

grid-cathode plasma. Figure 13 illustrates how the plasmas appeared in the

thyratron view ports during commutation. The auxiliary grid discharge and

the main anode-grid discharge were meen only in the window ports on the

left. No discharge was seen on the right. This plasma distribution was

indepennt of auxiliary grid current, gas pressure, and discharge

current.

After making initial measurements with a hot cathode, the thyratron

m operated cold. The cathode heater was turned off, tube pressure was

17
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Figure 10. Control Grid Breakdown Voltage vs. Tube Pressure for Different
Auxiliary Grid Current Settings. No applied anode voltage.
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Figure 11. Tpiml Control Grid Voltage and Current

TLaps Grid voltage I kV/div
Bottams Grid current 10 A/div
Sri ontalt 100 naec/div

No applied anode voltage.
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Figure 12. Typical Thyratron Coiutation Waveform With a Sot
Cathode

Top, Anode voltage 2 kv/div
Bottoms Anode current 200 A/div

Borizontal: 100 nsec/div

Gas preeiUre: 100 microns neon
Cathode te perature: 900C

Auxiliary grid current: 100 .1

PHOTOGRAPH OF NONUNIFORM
ANODE-GRID DISCHARGE THYRATRON CENTERLINE

GRID-ANODE
VIEWPORTSTHYRATRON BODY

(Top View)

"ANODE EDGE

CONTROL GRID EDGE
CONTROL
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AUXILIARY THYRATRON
GRID BODY

(Side View)
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.Figure 13. Location of Discharge With a Ebt Cathode
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set to 500 microns neon, and the auxiliary grid was turned on. The voltage

across the conducting auxiliary grid was approximately 100 V higher than

for corresponding grid settings with a hot cathode, but the entire

auxiliary grid-to-cathode space appeared to be uniformly ionized for

currents below 100 mA. Higher auxiliary grid d.c. currents led to multiple

arcs distributed in the auxiliary grid-cathode region. The temperature of

the thyratron during this cold-start procedure was 201C.

Anode voltage was applied and the discharge was seen to spread the

entire length of the tube. Figure 14 shows a photograph of the plasma

discharge taken through a grid-cathode viewport. The plamma appeared the

same in both the left and the right viewports. As described previously,

the top edge of the picture is the control grid, the bottom edge is the

cathode, and the thin line in the middle is the side view of the auxiliary

grid. This exposure is for a single discharge only. We were attempting to

photograph the discharge in the grid-anode window when the auxiliary grid

fell on the cathode, shorting the grid and ending the experiment. However,

an oscillogram of the thyratron switching with a cold cathode was obtained

and this waveform is presented in Figure 15. It is seen in Figure 15 that

the commutation time is much shorter than in Figure 12, due largely to the

_-" -higher pressure of neon used for the case shown in Figure 15. Also, the

comutation in Figure 15 indicates two stages, with a steep initial drop to

1/2 voltage in about 20 neec, followed by a slower voltage collapse curve

(-50 nse).

Maximum anode voltage and discharge current switched with the cold

cathode before grid failure were 5 KV and 700 A, respectively. Table 2

sunmrizes the switching characteristics of the thyratron with a cold

cathode.

.
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V.. Figure 14. Photograph Of Discharge Taken Through Grid-Cathode
1..*3 Viewport

Gan pressures 500 microns neon
Auxiliar grid current: 100 uh
Anode currents 700 A

* No cathode heater power
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Fitgure 15. Thyratron COatat ion Wvefoms with a Cold Cathode

rafts Anode voltage I kV/div
Rights Anode Current 200 A/div
Borizontals 50 nuec/div

Gas pressures 50o microns neon
Cathode temperatures 20*C
AuxilaL y grid currents 1oo u
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T ble 2

Peak Anode Voltage 5 KV
" Peak Discharge Current 700 A

Discharge Current Duration 120 noec PNE(

Anode Fall Tim. (500 icrons neon) <50 nsec

Auxiliary Grid Current 100 mA

Cathode Tomperature 20*C

The slow anode fall times reported in Tables I and 2 are due at least in

part to the use of neon gas. Anode fall times approaching 10 nsec can be

expected by using hydrogen or helium gas at high pressure, by operating at

high voltage, and by pulsing the auxiliary grid.
2
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setion 3
,.

The shortcomings of conventional thyratrons dictate that new switches

must be developed to meet the lifetime, current, and risetime requirements

of present day high power laser systems. The thyratron remains the most

attractive type of switch because of its commutation speed, triggering and

conduction stability, and long life under favorable applications. The

linear thyratron is an effort to upgrade thyratron technology to be
compatible with these multi-joule, short pulse laser systems.

The initial testing of the linear thyratron has demonstrated several

advanced design features, these beingi

1. A thyratron can be fabricated with a linear, low

inductance stripline geometry.

2. The discharge spreads along the entire length of the

thyratron. This implies that tube inductance can be

determined by housing geometry rather than by

conduct ing plama.

3. The linear thyratron can be operated with a cold

cathode and achieve uniform discharge spreading.

These results indicate the possibility of developing a long, low-

inductance thyratron requiring little or no standby power. This device

would serve as an efficient, high repetition rate switch that is suitable

for both lasers and other long-life rail switch applications.

There is considerably more information to be collected from the

. linear thyratron described here. folloing repair of the grid support, the

studies of operating parameters can be COqPleted. Zn addition, plasma

diagnostics hould be applied to this device to learn how this thyratron

23



really works. The linear thyratron was designed with this purpose in mind;

the optical viewports give clear access to both the grid-anode and grid-

I cathode regions. Since the tube is equipped with a dispenser cathode,

fundamental cathode studies can be performed. Finally, the gas system is

flexible, so that switching properties using different gases can be easily

investigated. The linear thyratron offers a unique opportunity to study

fundamental properties of low pressure gas discharges and to develop

scaling laws for advanced high-power thyratrons.

424



(1) G. MDuff, "RY-5 Family Thyratron Life Data," Internal Nmrandum,

Low Alamos National Laboratory, Nay 1961.

(2) Internal cosqany information on thyratron life, Nathertical Sciences

Northwest. Inc., 1933.

(3) "LRN Laser Isotope Separation Program and Now High Voltage-Low

Inductance Hydrogen Thyratron Progras," zOO Final Report, DOe

Contract UI-77-C-O4-4047 (1962).

(4) "Research Studies for Cathode and Grid lZments for Superpowr

Switches," EG Final Report, DoD Contract Dh 36-039-SC-05339 (1962).

(5) D. Turnquist, T. Lynch, S. Mers, and N. R inhardt, "Develqpsent of

Instant-Start Thyratrons," IEEE Fourteenth pulse powr Modulator

Bywlpoiuim, Orlando, Florida, June 1930, pp. 46-53.

(6) D. Fleisher, D. Turnquist, S. Goldberg, and N. Reinhardt, "The

Plamma-59ated 'hyratron," I=eE Transactions on Electron Devices,

Volmm ZD-26, No. 10, October 1979, pp. 1444-1450.

(7) S. Friedn, R. Petr, J. MoGoman, and j. O'connll, " Instant-Start

Cathodes For High Average Power Hydrogen Thyratzons," I= Fifteenth

Pulse Power Modulator SYePOsUi, Baltimore, Maryland, June 1962,

pp. 127-132.

(6) J. Cronin, "Modern Dispenser Cathodes," 1 Proceedings, Part 1,

No. 1, 1981, p. 19.

(9) A.S. Pillai and R. Eackam, "Surface Flashover of Solid Dieleftric in

Vacuim," J. Appl. Phys. !3: 2963 (1902).

25



(10) R.A. Anderson and J.P. Brainard, "Mechanim of Pulsed Surface

lshover Involving Dletron-Sti2ated Desorption,"

.J. Appl. JPhys. 51: 1414 (1900).

(11) L. Manoebo, "A High Pomr Hydrogen Thyratron Without Gradient Grids,"

Proc. 20th Modulator Bywfosium, Nay 1966.

(12) R. Petr and N. Gundersen, "Field Emission Cathode for High Power

Bems," Laser and Particle Beam 1: 207 (1983).

4Z4



, 
$ N1

A ll ' l -

i Op ~~

;.~ 41411

0It'll,

k, -4 z S"


