" SLAC-PUB~-3890-Rev.

\

e
+ 'DE37 010539
e ' -
- mwcnomsnn'mon‘
lsll'l‘ SWMBD-POW“ SOURCE OF llll wnmmm RADIATION
' R: B. PAIMER

sunfatdunnr.ludernlor Center, Stanford, CA 04305
© and .
Irbnun Nlﬁnml Labonewy. Upton, Long lshud Nev York 11973

msmc:t S

=tension of W. _Wlllll’ Switched Power Lmne I stndled Pulsed laser
sona phomﬂaode wire, or wires, within a slmple resonant structure.
lmng pulsed electron current between the wire and the atructure wall
e rezcasnt ildd. and rf energy is extracted in the mm to cm wavelength
Tarious geometries:are presented, Including one conalsting of a simple
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ndlo frequency power tlm can be ;enmted by a lasertron is bounded
eam pawer, i.e., by the average current times the applied anode voltage.
sbla cathode can be found then this iverage current is limited only by
iarge conisiderations. Ina simpla dlode the maximum charge per area
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The maximum felds that can be sustained continuously in & vacuum are
only of the order of 100 KV/cm (10 MV/m). But for short pulses and small
gaps very much higher fields can be obtained. For instance, Warren et a).2 have
reporied fields of 160 MV/m across a 1 mm gap for 5 nsec pulses, and Jotiner
et al.4 reporl 3,000 MV /m ncross 27 g for 1 nsec pulses,

The pulse length required for a linac, fall as the wavelength to the 3/2
power; sa for short wavelengths long pulses are not required. For ipstance, at
a wavelength of 8 mm the “natural” fill time of an accelerating cavity is only

" of the order of 5 nsec and thus fields of 100 MV /m could be employed across =

gap of the order of 1 mm, without breakdown.

Applying such a fleld to Eq. (1) implies a maximum power output of the
order of 8 GW per cm? of cathode [compared with approximately 10 MW /cm?
for conventional fields and gaps). This high power per unit area would, however,
be offset by the small natural beam area in a lasertron designed for short wave-
lengths. What is needed 1s a lasertron design for which the total beam area does
not fall with the wavelength. It is the solution to this problem that this paper
nddresses.

The genesis of the idea is the proposal by Bill Willis? for a Sunlched Power

Linae (see Fig. 1). In this idea a single burst of electron current

is switched by o single pulse

of laser light. That burst as

it crosses a circumferential gap

. Rgenerates a pulse of electromag-

netic radiation which is focussed

by the cylindrical geometry and

Light Puise  tuted to accelerate particles on
the axis.

in the present proposal, the
same concept is used, except that
a train of light pulses iz em-
ployed, and these are used to ex-
cite fields in & resonant cavity
(see Fig. 2).

However, unlike in the laser-
tron, the acceleration of the elec-
o tron by a dc field, and theic decel-

eration by an RF field is accom-
Fig. 1. Switched power accelerator con- plished in a single gap. It is this
cepl as proposed by W. Willis (Rel. 1). simplification that allows a2 mol-
tiple linear geometry in which
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s the total pho\.ocathode areh can remun luge even u the wavelenglh becomu
very small. ' ' - o o . .
DESCRIPTION
The' basic concept 1s reprexentéd (Fig- 2) by 8 long, vacuum-filled
rectangular cavity with & wire passing down the center. The wire is held
at a Ingh potential relative to the, enclosure. By lllummatmg a photo-
cathode Qn one side of the wlu. e!ectron bursts are aMowed to pass from
the wire ta one. wal] aof the box. Repeated pulsmg of the photocathode
at the cavity resonant fre-
quency results in the ex-
" citation of a transverse
electric made within the
cavity: Energy can then
be extracted by coupling
 the cavily to a waveg-
uide.

Pulsed
Lighl

This simple concept
may be compared to that
- . of the lasertron (Fig. 1)
.. Viigh VoMOgR Vagr.  jqeag = In'Which the pulsed photo-
R . : b cathode is used to gener-

Fig.‘2. Microfasertron concept as dhcunzfl here. gt o bunched accelerated

: : Co ' beam. The energy is then
extracted as the beam is decelernted passing one or more ring cavities. Since
“the beam’s kinetic energy will be foat’ when it hits the anode, high efficiency is

i unly obhmed if-the ben.m is decelerated to as near rest as possible.
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I';ig. 3. The conventional lasertron concept.
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$ivse wIne the: microfasertron, the acceleration and deceleration accur within the

same gap. High efficiency is again obtained when the electrons ase brought
nearly to rest as they arrive at the anode. But the processes of acceleration
and subsequent deceleration are controlled by the phase of the field rather than
the position along the beam.
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Fig. 4. Reatizations of the microlasertron: a} single cavity, b) multi cavity,
<) grating cavity, d) modification to grating cavity to couple to outgoing wave.

The grid indicated in Fig. 2 may not be practical in a short wavelength
realization of the idea. One finds, however, that the grid can be omitted so
long as a relatively deep slot is enclosed between conducting walls (see Fig. 4a).
An extension of this idea has an array of parallel wires under a single slotted
cover (gee Fig. 4b). In this case we find that the slots do not need to be deep.
A drive frequency is chosen so that the distance between wires is approximately
one half wavelength and the light pulscs entering alternate slots we.arranged to
be 180° out of phase. At all finite angles radiation (rom the slots cancel. Even
in the direction parallel with the plane the fields do not sum because the loading
frorn the wires causes the phase velocity in the cavity to be less than the speed
of light. Fields leaking through the slots will also have 2 phase velocity less
than the speed of light and will thus be evanescent waves, falling exponentially
from the slotted wall.

The above observation leads to a further extension of the idea (see Fig. 4c).
Now the upper cover of the cavity has been removed, the photocathodes placed
on the remaining surface and the pulsed light braught down at an angle between
the wires. Again, because of the presence of the wires, the phase velacity along
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.. the multiwire cavities by coupling thiem to waveguides. However, it is possible,
) mmmmmmuwwmmtempmmu
" wavey pmanating from:the surface. In case of Fig. 4¢, this can be achieved by
.. disturbing the periodicity of the wires (gee Fig, 4d).
: i In the nbwc dllf.ulllon we have not mentioned how the cavities would
A . be tndud nl. lhc end of the wlre In order, to investigate this question a
by = ‘ . , " “Iradio frequency mode! was made
I
|

at'a wavelength of 5 cm. It was
. found that if the cathode plane was
i, . tesminated well before the wire

" -ands (see Fig. 5) then the fields
" were effectively couatraisned to the
" arell above this plane und no lass
of power occurred along the wires
- beyend it.
. The attraction of the micro-
. .« lagertron is jta simplicity, and thus
S 5,“,., p,,,,.-r.,mm,“ . the possibility of scaling it down
' \‘E“ 'l““""l ‘ Blle'l End of Bors |, toproduce very short wavelengths.

e i+ 0 mes It alse’nppears from the following
. Fig.s. Micnluulmn nomﬂry. ‘snalyris that very high powers and
. Inclyding cavity end design, -"‘e@qﬂhciel may be obtainable.

; v

oo o ANALYSIS
 BQUIVALEKT CIRGUIT '
‘Under the conditions where
7 fsep) W (nnp width)
v (electron velocily) < e: {vel of light)
o (gep width) € A (wavelength)

then the device of Fig. 2 may hthmhldumtmdpdemwupld toa
tesonant circuit (see Fig, 6).

For our purposes we can think of Ly a5 an infinite inductance that allows a
e corrent ipg to flow from the kigh voltags supply V,au. Ca may be thonght
duulnﬁniknplﬁhrlluthhtuthdefmmlhmmlcmnm

In the following discos-
sion we will congider an

equivalent circuit which L

will alfow us fto make ! izl——-“n‘:
approximale calculations ' L2

of performance. The anal- | 1 1 ____ l
ysis in strictly applicable R 1, o oiMiIIItL v
only to the plane paral- T=T .f. -"
lel examples of Figs. 2, . s

4c and 4d although sim-

ilar results are prohably . ' < natan
obtainable for the cases
of Figs. 4n and 6.

The current § may be divided:

Fig. 6. Faquivalent circuit of microlascrtron.

13 gy + 4y

where 1y, is a resonant oscillatory current associated with the resonant ¢lreuit

of L) and (€1 + Ca); and ¢, which is sssoclated with motion of chargos in
the gap.
fe=qufp
where g is the charge in the gap and v the velocity of that charge across
the gap.
With these definitions we have
igr =Igrsin(wt+8) +qufg . (4)
The voltage V' scross the gap will agaln hava twe components:
V = Vgpcos(wt +8) + Vigm - (8)
Vrr may, of course, vary if there Is a net transfer of energy to tho system.,

The energy tranaferred per cycie will be

Afe
aE=208F o [ i (Vo confot + ) o (@
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) Iha difference bclwun lI:Il md AE,.., lhe energy ‘going into the rf field, is lost

wlme Zi-th.lmpdnmdlhmmtm ‘l‘hep)me.mu ako be
pum'bed mchmnh plmnpcqchwlllh:
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" drlven af the ruonmt l‘reqnency m. then clearly x must be equal to rero.
Bu'. if lhe drlvun frgqumy Is oﬁ' lhe mnonunu, then we have

al

(8)

©)

an heat in the lnode L elaclronl |lve with ﬂnlh kinetic energy. Thus,

Asic Asru =13 —'"J

o where vy is the vqloclly with wllich the eieclrom hit the anode, m is the electron

‘ mass and ¢ ita charge. Thus the efclency « of tnnlfenlng energy from the dc

" source to the rennnnt ‘cireult s

t-e= [(m’) 3 ;{»,...] |

1-c=[8120% “,"‘.,“],(mh)

(10)

To get vy we oblain fiest the acceleration of &’ tl:lrg-u in the gap which
will ba
dv

- ‘:; [e. +Eppeosfut + 4)] {11a)

&

where £a = Votat/9, Enr = Vir/g and ¢ 5 introdured as an arbitrary phase so

- that we can define ¢ = D as the time when the chargs Is Initially released from

the cathode, Integrating Eq. {11z} we obtain the velocity of the electyons ai
time 2:

) = — [E, e~ 5B ginfut 4 ) + SBE e"’ sin eﬁ] . (118

Integrating again we obtain the distance traveled:

= fv(t)d! = T" - Eg cos{wt + &) + E:_r llnqil: . (31¢)

[}

Setting z = g in Eq. (11c} will give the treasit time r = ¢ which when
substituted into Eq, (L1b) gives the final velocity vy and thus the anergy lose
and efficiency using Eq. (10).

Low RF FIELD CASE
Il Egp << €,tat, then

e
gr m Entat ré'

«=(3)" ()"

This may be compared with the cycle time A/c and we define this ratio as:

and

()
F, = 101 10° ("%)m % (mks) . (126)

We will continue to use this definition of F, even when &af is not Jess than
ELutot- Fr then becomes a useful scaling fact or rather than an actual ratio of
transit time to cycle.
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lfwemume . .
Y Fr «l (13)

lhen wr < 1 and Eq (1 lc) ‘reduces to

L= (e'. = Erp cosd) (14a)

om e Caremd). (14

Maximum eﬁelency ll realized if v/ is minimum, i.e., the least kinetic energy
is dumped on the anode. This will occur for ¢ = 0. REfernng to Eq. (6] and
noting that throughoul. the transit wt =y $, we see that this maximum cfficiency
condition also imp!:zs x =0, i.e,, that the structure is'driven on resonance:
u==wo,_e-_ .. ' . :

So l'or ¢ 0, l.nd remembenng thu.t r= F,.\/c we obtain

, '.__ "’T(.\) FTVa v..., ’ (15a)
1 ¢al.03 10 (A) E Vu. (mke) . (15%)
. If for example we chue -\ = 8 mm, g = .5 mm, ¢ = 50% and F; = .38, then
. we require
:V-I-l 50,000 v
end o
L IOMV/m .
Now from the references quoled by Willh ! we note that? for times less than
§ naee. "valtages as kigh as 160,000 V have been held over 1 mm—2 mm gaps
(¢ = 160 MV/m) and for times less than | uzec, 80,000 volts could be held
across & 27 1 gap (3000 MV/m). Thus, although the values of our example are
hlgh. they are by no means unreasonable for tlmu lesn than § neec.
However, the sbove ‘exnmple azsumed an aﬂl:lem:y of only 50%. Higher
eﬂit.lenelm would zeem Lo imply even higher ficlds. It also assurzed a transit

time rather long (.38) compared with the cycle time. This hardly satisfies
condition (13). Clearly we should calcalate the effect of finite transit times.

ONE-DIMENSIONAL SIMULATION

To study this problem for finite Lranait times, u small computer program
waa written that would emit and track the electrons as a function of time in
the varying fields. Initially, we cansider shart pulses and ignore apace change
effects.

WITH SHORT PULSES x = 0 (ON RESONANCE]}

Keeping the driving phase x = 0, r.e, driving at a frequency equal to
the cavity resonant frequency, we calculate the efficiency 2s a function of
the ratio of £rF/&us. The re

Lo | ta) ,‘ x:: ] sults are shewn in Fig. Ta for
i b the case where F; (defined by:

05 - -2 - Eq. (12)) is 0.38 (e.g., for V =

50,000 v, g ='.5 mm). As ex-
pected, the efficiency 1} rises as

© 0
. g % the RF field rises and 2) is some-
1% % what less than that expected for
05 |- 180 8 F — 0 (dotted line). {Due to
X~ - 30 . the finite transit time, the elec.
o W=z T ! o trans do not feel the maximum
o 1.0 20 deceleration field over their full
- Enfon. ssar bransit.) What is surprising how-

Fig. 7. Efficiency vs. strength of RF field everis that the eﬂinency remaing
a) for phase advance y = 0 and b) phase ad- finite even when £gp iu greater
vance adjusted to give maximum efficiency, then Eatac
If we examine the variation of electron velocity {and thus curfent) as a
function of the RF phase for a case of low RF Beld (e.g., Egr/&, = .5, see
Fig. 8a), then we see the velocity rising more or less linearly and hiiting the
anode at its maximum. This then is much as predicted by Eq. (14b).

For higher values of the RF field ihe sitiiation becomes more complicated
(Fig. 8b for £gr/&star = 1.5). Now the particles are started at a phase when the
RF field is helping the static field. The electrons aye thus initially accelerated,
then decelerated for awhile, and finally accelerated again 1o arrive at the anode
at a phase which again corresponds to the oy Relping the &egar.

SHORT PULSE DRIVEN OFF RESONANCE -

As we noted abave (Eq. (7)), it is nét necessary to ppesate at y = 0. If we
drive the photocathode at a frequency w dilferent from the resonant freqiency
wyp, then the stable phase x is finite. If we adjust w and thus x to give maximum
efficiency (i.c., minimum arrival eleciron velocity), then we abtain efficlencies
as plotted on Fig. 7b,

10
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and x adjusted for : T .

“tion"of RF phase, with

tron velocity also shown:

.

" d) Enrfbun =. 28

Motion of elees "~

. trans in the gap a8 func-

and ¥ =0;

o) for Enp/bu =12
and y adjusted for
maximum efficiency.
‘This representa the
*magie’ condition;
maximumefficiency.

o) for Exe/Eue = 5
and x = 0;
b) for Lpr/bpat =15 .

‘Flg. '8,

3

‘Now we obssrve that eficiencies of a 100% ave achieved as Epg = 2£,. We
éxamine this case in Fig. 8c. The particles are again initlally sccelerated and
then decelerated. The parameters, however, are auch that the electrons come
to rest just-es they arrive at the anode. We note further that for this “magic”
case the electrois are not only at rest as they touch the anode but that their
acceleration 1 alo zero, This situation should be contrasted with that ob-
tained at &5 even higher RF field (e.¢:, Epr/&, = 2.5, Fig- 8d). In' this case the
elecirons are also at rest a2 they
approach the ancde, but they are
3k . . at that point being decelerated.

i X 60 £ - An electron that just missed the
//tﬁ”‘ £ anode would move away from it
L~ : J 30  and only errive some time later

’ ™ and at a finite velocity. This is

U4

o ‘1 i \ y = e less desirable epereting point

© ol 02 03 04 05  thanthe “magic” oneof Fig. 8c.
Fr . A All of the zbove analyais was
. done for F, = .38. We find a dif-
ferent magic point for each value
. of Fy and these are plotted on
Fig. 9. Remsmber.that F is
the fractional cycle time taken
for transit in the absenca of an
E RF field. F» — 0 corresponds
to very high flelds and u smuail
gap. In that case 100% eficiency
W is obtained at Epr /€, = 1and no
4.  phaselag x is needod. For larger
transit times a phase lag is re-
.02 L . 1 quired and larger RF felds are
o 270 0 10 2 geeded to obtaln the magic con-
ssur,  RELATIVE PHASE idegreesl  gipion. Iy our following studies
Fig. 10. Efficiency va. relative phase for we will assume
a) the magic condition with £rr/ésa = F,=.38
2.0; b) £aF/Eetat = 1.5; ) Epr/Estar = 10. T

T ) 1 1 1)
.

all#\llh
- N

kY
Fig. 9. Values of Epr/Esiar and the phase
advance x ta glve the "msgic’ condition for
different transit time factors Fr.
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FINITE PULSE LENGTHS

The above calculationa have all been performed for electrons emitted at one
phase, i.g,, for light pultes on the photocathode of arbitrarily short duration.
If pulses of finite extent are used then it is no longer possible to bring all the
electrons to rest st the angde, and the efficiency varies us a function of the
initial phase of wach part of the bunch (see Fig. 10). Wa see that {or the magic



R

wa" ‘ g o ‘a: Eﬂ/‘l g i sssany

Flg. 1. Efficlancy vs. Gnr/&m for 8) different pulse lengths ana

b) diﬂ‘mnt ntlu Fg of dm;e q to the lpn:a charge limit gc.

x (degrees}

0 20 40 € 80 100
PULSE LENGTH tq._qmn

) - %0 _
- [ 3
-l e

§

. ‘m‘_

] 4 ! °o
o 0% 10

se 9y .

Nl!. Muhumeﬂtkuhndmmﬁmnlu:dmx
nnfmdhnd‘a) puhln.thndb]dm.e.

condition (Curve a) the variation is very rapid with the efficiency dropping to
50% when ihe phase js wrong by only . 4 of ~ 10° fsom the magic w.lve.
At lower values of the RF field, although the maximum efiiciency s less, the
sensitivity to phase x weaker (Cusves b and ¢). As a result a plot of eficiency
va Epr for finite pulse lengths (Fig. 118) shows maximum efficiencles being
oblained at progressively lower values of £gp. Figure 12a shows the maximom
efficiencics 2y a fonction of pulse duration {A#) in degrees. For 2n example we
will consider a pulse duration (Ad) of 18°, for which the efficiency would be
= DO%. R

SPACE CHARGE EFFECTS
If a charge density ¢ in cgulombs/m? exista Just above thi cathode surface
then the induced electric field behind this charga &, Is given by

£n = ﬁ
where ¢ is the dielectric constant of fres space in mks units (8.855 10°13),

Tho maximum charge that can be sccelerated with a given static field ;.0
is then .

fac = Etat 10

and we define a scale invariant fraction F,

a q
Fie = Que - €atat %0

Clearly if F;c < 1 the effect of apace charge will be negligible, As Fyc increases
the earlier charges will be secelerated moare and the later charges lesa than in
the small charge case, As n result it again becomes impossible to bring all
chargen to rest at the anode and the efficiency suffers.

Flgure 11b shows the efficiency for different amounts of charge F, and
different £pr. As with the Jong pulse case, maximum efficlency occurs at fields
leas than the magic value. Figure 17b showa maximum efficiencies as a function
of the charge.

At first it would seem natural to pick a charge of the order of .4 times
the space charge limit, for which the sfficiency would stifl remain ebove 70%
even-with a pulse length of 18°. Such a large charge however would have two
difficulties:

- (1) The current density in our example (V =50 KV, ¢ = .5 mm, A = 6 mm)
would be 44 KA fem? which may be excessive.

u



" below the wire, the Eractional voltage drop would be /(2 quc) o

20%. lnllueopen mnelnuenaol‘ﬁg_.algaﬂdthnmdtyhmly balf -
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s o.l. for \vhlch the mltin; inamclmey is very mll
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t wilt ennsidu an vpm stnzm'e d’ the type illnnnud in Fig. 4d, with l
mm square wiru and a total area of 10 em by 10 em. For & wavelength of ~

. mm the wires would be placed about 2.5 mm .put Thus there would ba ~ 40 -

. wires. The total photo cathode aren Is’ ‘about 40 em?, I will consider a pulse
. Ien;th of 18° lnd q/q.: = D.I. i l.hcn obtl!n' ‘ )

V“uaﬂ!]('l
" g=Smm -
£.|;|=IMMV/E
| A =8dim ) '
A/e=xaylu
‘]'-} tyulss = .Dplee (1‘
AR ¢u=8-310"' 1
- o b Fu=-1 ' D
R q=8.810":/m
Qp-lu =35 1077 coulomba
.. &rr =150 MV/m

t= 80% :
="—130° , .
x=-—38

lmk iphoto cathods =10 KAImA
ave, fghoto cathode = 500A[¢m )
Wostgar = 78 10° walts .

(z)mmnmmdmm‘muhm_ In a closed
-devhulwmudhmdludb.amh.mllmnbmud :

The time for the microlasertron to fll requires knowledge of both the atored
energy in the structure and the aversgeefficiency during the fll, nmlm of which
we have. llou;ll estimates suggest:

Ties filt 73 B msec .

If this power source is to ﬂgl a semi-conventiona! accelerating cavity then
the pulse duration must be less than the nstural 5ll time” of that cavity.
H we sczle from SLAC's 7y = .8 psec at A = 10 em then for A = 6 mm:

Tace pit = 12 meec .

Reference 3, however, suggests that breakdown conld oczar after about 5 nsec
and thus the pulez length and energy per pulse would have to be reduced to:

r &3 B nsee
Negeley & 250
Joutput %= 3.9 Joules .

This atill reptesents a large total energy output for such an apparently simple
device.

LASER AND PROTOCATHODE REQUIREMENTS

The laser would be required to deliver 1 psec pulses approximately 18 psec
apart for treins lasting of the order of 5 nsec. The optic frequency and power
téquired won!d deperid on the photo cathades. If a conventional S 20 type of
cathode could be’employed and if ¢, = 10% quantum efficiency is assumed at
a wavelength of the order of 500 n meters (V. = 2.5 volts) then the power
required would be

Jer Vo 1

Jupt =
N Vi 5

= 2.4 mJ/ train of pulses (c.f. 3.9 Joules autput)

=.06% Jgr .
Such a train of pulses could, for instance, be generated by multiplexing a single
paec pulse generated by a mode locked dye [aser. If the whole train were finally
amplified by a X, F laser the overall efficiency might be expected? to be sbout
2%. In this case the. power going to the luser would be negligible compared 1o
that going to the electrical supply (~ 3%).
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' Lanthanem bexaboride is another poasible

levels m!cnd inour t}mplc.
Pcrhl.pl the mt prumhlummh mld be co ases meul phatocathode
- 'und UV lights Itits oburnd.' that the quantum efficlency of most metals peaks
ot about 2500 A and thut tll.h clﬂr.lney Is ;I-nn very approximstely by the
relation -

A Yo emdx 10'3("4- W-II)'

L wlme Vo BV fur 2300 A und W is the work function of the metal. Table I

i+ - glves some uunphl. el rulun;ble to sssume-that the quantum efficiency
' . would be ralsed in & Ill;h ﬂilr.l dm to. Iho !choniy redu:lmn of the effective

.. work function - ‘

e Ce AN am

",;' . ’-.” I‘=".'- - W."W (m) ;.e to.,

: On this nnmnpt!nn nlun are llnu in Table ! for llpl:led quantum efficiencies

for éome values dnﬂm Bddds.
Table 1. * Work functions W In volts lnd qumtum eﬁelencle for #s 2500 A
light at diffarent surface ﬂddl The e field nln- are mnnnd and the

othmutnpohud
’_ t !’aunhpQuuhm!ﬁdwq
- for E(MV]m) = _
Matal W (Yoits)| © 100 200 500 1G00
TNé c21-281 e 70 69 136 116 18
"Ca $8-¢3] 3 29 35 42 62 eB
Tw 34-38|12 19 233 38 43 @S
T 37-43]a & 8 11 19 a2
] Te 40-42]as 35 48 68 23 24
| Ca’ 44 108 332 32 41 10 19
' SN n
W

dstermined,
- eathode. umupa‘amwummwwm.mm; o
,m'dwmmhwbmbwmmmyummn;

thhllircouiumplwluaﬂwdcﬂuuwﬂhlwdlwm[mmm
assume 3 quantum efficiency of .8%. The uptical power then required for air
example in 60 mJ/lnlll of pulses which is & significant fraction of the ontput
porwer (L5%). -

“However, a KvF Exemer Jaser at & frsquency of 2480 A coold be used and
such lasers bave given® 15% intyincic efficiency.f we assume an overall Jases
efficiency of 9% then the electyics) power sequired for the Jaser is still only 17%
of the outputl power.

7 SCALING
BREAKDOWN

In arder to discuse the scaling of the microlasertron, we need o theoretical
raodel of the electrical breakdown, In Table II we give published values for
the breakdown fields for different gaps and times (r). In all cazes listed the
electrodes were of copper or brass. For comparison we give alio the transit
time (¢) for a capper lon and the ratlo n of the breakdown time 1o this transit,

We note that for a fixed voltage V the ratio n Is relatively insensitive to
the gap and thus the fleld, For lower voltages n Is higher, and for higher
voltages nt seems to tend towards 1. This observation clearly suggests that the
breakdown in these cases was s reault of a cascade process involving the release,
by electron impact, of jons at the aniode, their movement back to the eathade
and release there of more electrons. The number of ion transits required for
breakdown would be dependent on the numberaof jons end electrona released by
the impacts, and these would depend only on the voltage. This Is as observad.
For scaling purposes, therefore, wa nasums that the time for breakdown iy a
fixed multiple of the ion tranalt times at Hxed voltage V.

Table I, Observed breakdown times for copper or brass
electrodes snd different gaps and voltages.

1 4 g £ r t n  Rel
(KY) (mm} (MV/m) (nsec) (nsec)
W0 ] 40 24 3.7 42 3
80 2 40 22 [ ] 28 1
80 1 a0 i 4 28 13
80 057 oo 57 23 28 14
160 2 80 ] 5.6 9 3
150 1 160 & 28 1.8 1
!
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: w.\mma: sc/u.mu ,
B 1 is reumnhle o keep lhe nlnﬂve geomelry r.onlhnl ie.,

: «const (.083)

%ee = const (.38)

. ‘Ad = conut (|s°)

Then from Eq. 126
‘ ' V.m s 10‘ = conu (SOKV)

. _an the brankdown ucaling of Sec. 6 l we obuin tha ﬂme hefore hmnkdown
tn be

- -‘ﬂld the number of RF cycles bel‘ure brealdown {ngr)

BRF = "M VII’ (-) = const (S 400)

.

: Sinu the 8Py i pmporlmnul to a the ﬁeld l'u

f, Aixed voltage
g,‘_ r'i -

ﬂ:e lpace -:lmxe ||m||. per unit ml

= “nnd the output energy in Joules
‘ JaWra s

- Uslng these relallonu we oblam for a 10 cm x 10 ¢m device as deacribed i m
Sec. 5, but with d-ﬂ‘erenl wavc]engths

19

A £ fave Wout Tireakdonm Jout

d3em  20MV/m 20 Afem? 30MW 36neec .8 Joules
1em 70MV/m 200 Afcm? 300MW 10nsec 2.3 Joules
imm 200MV/m 2KAjcm® 3GW 36nsec 8 Joules

The advantages in going to short wavelengths is remarkable. It will he
limited, presumably, by cooling, photocathade, or nonscaling breakdown phe-
nomena.

CONCLUSION

The above analysis has shown that a microlasestron might be o gsaurce

- of powerful mm radiation but there are many assumptinns that need to be

demonstrated:

(1) Firatly we have ansumed that a gradient of the grder of 100 MV/m can
be maintained over & .5 mm gap for 5 nsec. This is consistent with
extrapolations from experimental cesults using metal electrades but may
not be possible il one of the electrades has a Jow work function surface

) {photocathode). Experimental work is required.

(2) We have assumed current densities of the order of 10 K atips/em? for
1 psec pulses, and. average currenis of the order of 500 Afem? [or the
order of § nsec. Both values are higher than observed with a conventional
photocathode. Values of the required order have been observed from
metal photocathodes, but with low quantum efficiency.

{3) The analysis ignores the finite width of the diode gaps and also ignares the
direct radiation from the electrons into the cavity. Full two-dimensional
numerical calculation is required.

{4) Details of switching the primary current l.ave not been discussed. Laser
nctivated solid state switches may be suitable, but much work remains to
be done.

{5} Details of RF windaws, heat removal and a thousand other questions have
not yet been addressed.

Despite these questioas the potential of the proposed device seemed to
justify its presentation now. Work on many of these problems is being pur-
sued at variouns labs and future publication will hopefully answer some of the
guestions.

1 would like t» thank W. Willis whose originat idea started this work and
whose continued interest and suggestions have nurtured it. I aiso wish to
thank J. Clause, U. Stumer, V. Radeka, T. Rao, and many others for
their contributions.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the Unitel States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal. liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or- process disclosed, or represents
that its use would not infringe privately owned rights: Reference. herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or 1mp1y its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do ‘not necessarily stale or
reflect those of the United States Government or any agency thereof,
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