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tbstract

The C02 laser &,lpliflersusad In ths Mtar

L

i ertlal conflncmnt fusion project rquir

1 rge-area radial be- of high-ancqy alectron!

t

k

Ioniza the laser ~dium before tha win dls

: arge pulsa is applied. M have designed t

t J

J Id+ontrollad, cold-cathode ●lectron gun wit

B cylindrical anode having a wlndti area

I

) 31B*. A full dlmter, 1/4 lerrgtiprototyp, of

t o htares gun has been built and tcstod. Th

1

d sign details of the Atares ●lectron gun wI1

3 presented as mll as test results frm thI

h

p Ototype. Techniques used for t.lwpreventlo

M d control of ~ission and breakdown fran th

t
g tdwlll also be discussed.

i

I_ I—— —. —. . .. ——— —— —— ..—
Introduction

The Antares laser fusion system at the Los

AlanrIsScientific Laboratory (LASL) is designed

to deliver up to lLK’k,lof energy to a target in

a l-ns pulse, A lW energy, short pulse of COz

laser light is split into SIX beams, each of

Aich is then ~lifled in a laser power

a~lifler,

The annular pu~ed volunm of each power M-

plifier is Ionized by a radial beam of hlgh-

energy electrons produced in a central electron

gun. Oet.silsof other ospects of the power am-

pliflar and the krtaras project are givan else-

where in these proceadlngs.

[
IK ■ 14.68 x 104 VK-(l

-

T)

b

The electron-gun design is governed by sev-

eral constraints. First, tha ●loctronsnmst have

sufficient energy to penetrata the electronqufi

wlndiw and the gas woluum of laser gas betwesw

the windous and the power asqllfier anode. For

the range of operating pressures being considered

for Mares, electrons having energy between 40(

and 550 keV arc required.

lhe second ~uirment is that the electron

gun deliver a ham havin uniform current density
!between 50 a~,d100 MWcm and lasting for 5 us.

11’Iiscurr?nt density produces the required imped-

ance in the gas for the main discharge.

A third constraint is that the spacing be-

twean anode and cathode nwst be sufficient to

Prevent vacuum breakdom.

Antares Elactron-5unOesign

lhe solution to these constraintschosen for

Wtares is a cold-cathode,grid-controlledelec-

tron gun having a cylindrical geanetry as shown

in Fig.1. me cathode consists of 48 blades of

1*.7-urn-thicktantalum foil, each 0.7ti-m long.

arrangad in 12 rows of 4 blades, 1 blade Jppc.”.,I

the center of each windw. M alternate design

baing considered is a spark cathode designed by

G. Lode of Systems, Science and %ftware (S3)

of hayward, California.

The grid, consisting of an 81X transmitting

stainless steal rmh, is salf-biased by c~rrent

flcnd+ng from the grid through a resistrr to

Qround. The space charged limitedcurrent, IK,

for tt,i~gwmstry is givsn by:l

R ]J’21r9-18-2 . (1)
:9



Iere have been reportedby Leland.Z After those tests

Vv is tJrecathode voltage

r -
werecompleted, It was decided to make a series

T Is the grid transparency I
I of nshssuretmrrtsto nmre fully cheracter.

1 Ii is

‘9 Is the radius

b Vrg’rc’lw’thr c”- -nddisafucon

athode radius.
1 1

There are 46 windows In eech ●lectron gun,

‘t

ch 0.76 m x 0.2s m In size. Each window con

s sts of a hibachi support stmcture covered b~

I.1

d window of 0.050-rim-thicktitanium foil glue

t a 0.9-nsc-thickstainless steel rip-stop grid.‘1

1

e grid prevents damage to the Interior of th

ectron gun in case of window failure by llm!ti

I

t g the size of the rwpture and thus the rate o

r se of the internalpressure. t

cl

There are several advantages of the grid

ntrolled electron gun over the slnpler diedi

ghosmtry. First, the gun current can be con

t~olled Independently of the gun voltage ani

thode-anode spacing. A diode electron gu

etlng the Mtares requirements would either b~

J~econanlcally large or would pr.duce considerl——— —— —.—
+~e ttmrA~ *iWrrM-

gas. Hfgher currents lead to shortened cathode

and window lifetimes. lhe l~er current of the

grid-controlledgun al$o ruduces the size of the

high-voltagepulser rgqul,)edand reduces magnetic

●ffects on the ●lectronbeam.

I A second advantage is the current st.sblllza-

tlon produced by the self-biasedgrid. mis sta-

bilizing effect certainly occurs for an ideal

grid which does not shobisecondaryemission. But

‘t is also true that as long as the number of

secondaryelectronsemitted frml the grid surface

for each primary Incident Is less than 1.0 the

grfd acts to stabilize the gun.

PrototypeResults

In orier t.oevaluate many aspects Gf the Am-

taras design, a prototype power amllfier was

constructed, Oeslgn details and Inltlalnmasure-

nnts whch confirmed the Antares design concept

I
I
1— Fcrowbar gap af er 3 VS.

tlonso occaslo al cases

rent wre obsewed. Wing the period of these

nmasurewnts, the silicon-based diffusion w

oil (Ooh Corning 704) was dellbtsratelyallowed

to backstream into the clectror,gun In order to

suPPrMs secondary ec:--lon fmn the grid. In

thl- case the operation of tt.eelectron gun was

In general agreement with thn predictions of the

space charge equation.

Me of the goals of the present Investigation

was to eliminate the crowbar gap, thus simplify-

ing the electron-gunpulser and improving its re-

llablllty. lhe electron sun mist thus be capable

of holding off the high voltage for a longer

period of tlmm without breakdown.

At the beginning of the present set of nmas-

urWnts the diffusion punq was drained, cleaned

and refilled with a carbon-based pump oil (Con-

Voll 20). ~ce again, the PUW oil was allowed

to backstream fnto the electron gun. Tko results

were observed after this changa. First, both the

frdquency and severity of breakdown Increased.

Jpon later disassetily of the gun, several burn

spots were seen on the cathode, grid, and anode.

7he second result was observation of mmnalous

grid current naasurenmts, though the cathode

current dgreed with that predfctedby Eq. (l).

He next disassembled the gun, carefully

cleaned each part with solvent, and reassembled

It, taking care to msintatn cleanliness. The

vacuum system was operated wtth a liquid N2 cold

trap and a larger backing pump to prevent oil

backstreamlng. Other changes included the addi-

tion of corona rings to the cathode assenbly to

shield areas of unwanted field enhancement.

lhe nsxt significanti~rovenmnt made by this

investigationhas been the developwmnt of a grid

tonditionlngtechniqueconsistingof first short-



In order to achieve uniform

laser gas th~ intensity of the ●lectrof beam

begins

50-kv

redu
1 . . . I [

. . . . . . . ~..-.-...
r 3 to w snots. ma gun volt-

15-20 kV and the gun is op-

erated until there is no excess aslssion for 5

This process Is repeatad until a

ached at which less than ha;f of th

increaseof amlsslon.

aspllflar this voltage Is usuall

tween -500 and -6W kV, tilch is tiove th

rklng voltage of the grid. lhe short Is the

ved and the gun is ready for operation.

me result of the cleaning, Improved vacuum

Ittonfng Is a greatly reduced prob

akdown. lieoccasionallysee an in

easa in cathode current, but it almst alway

turns to normal after a few microseconds Indi

ting that the grid is retainingcontrol. Thos

lses showing anhanced grid emission, usually

l~sar energy extraction occurs before this tlmai
——— .—— —

—o+fem*mtolmMlw ~

dmplifler.

A second result is an increase of cathode

current over that predictedby Eq. (1). ~ls ef-

fect can be, at least partially, explained by an

observed increase In grid emission. llIiseffect

was not seen by Leland2 and Is possibly a result

of the lors of Inhibitingproperties provided by

the silicon pu~ oil tilch was us@d for his

neasuraments.

Figure 2 shows the nmasured and calculated

gun i~edance as a functlcm @f tlnw during one

shot. ho calculated impedances are shown, one

assuming tlksgrid transparency Is the geomatrlcal

alue of 80Z and the other using the measured

L

ransparency,T ■ 1 - I@d/IK* At present,we

o nnt have a satisfactory explanation for the

iscrapancy; howaver, It does not have any ad-

erse effect on the operation of the electrom

un.

*

I tne eoga It oafreasas to not les~ man uuz OT me
I

center value. I I-

Dlscussfon

Several results have ccma frixuthe prototyp~

study tiich will be applied to the Mtares elec-

tron gun. Since the probabiliw of excess emis-

sion and breakdown depends on the emitter area,

these probl~ can be expected to be wrse in

Amtares. Thus, the grid conditioning technique

and our l~roved understandingof the mle of the

grid in controlling breakdown is significant.

Other prototype results give us confidence that

the raqulmnts for the Altares electron gun can

be nmt by the present design.
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Fig. 1 Antares power amplifier schematic showing electron gun part;
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Flgm 2 Heasured and calculated impedance and nasured cathode
voltage of the prototype electron gun with 800 Q grid I
resistor as a function of time for a single shot.


