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A bslrzct 

Within the, fratnework of studies related t,o pulsed ac- 
celf,ratjing tjcchniqucs, in part.icular for t,he switched power 
principle:. t,hc, voltage hold-off for very short pulses has been 
mcasurc4 for diffcrcnt materials. Following a presentation 
of t,he sul)jcct, and the requirement,s, a brief description 
of t Iic rxperimf:ntal set-up is given. So far gradic,nts of 
WO hlV/nl have, b<,rn obtn.ined wit,h pulses of two nanosr‘c- 
ontls and flat electrodes. The rcsnlt,s are compared to mea- 
surc’mCnt,s bascti on different experiment~a.1 t,echniques. 

I. INTRODUCTION 

Fut.Ilrc, lcpton linear colliders, will require much higher 
ac~~~lcrat ing gradients than the ones actually used, in order 
ijo obtain a subst~antial reduction in length as compared to 
&signs basc~l on present, technotogics. At tower energies, 
i.e. for higll brilliance guns, higher gradients may help to 
diminish space charge problems. 

For conventional r.f. accelerat,ing structures the ten- 
dency goes to shorter wavelengths, which are more 
favourablc for volt age hold-off. Different, schemes have 
brrn propos~~l to achicvc t,hc high gradient,s. The switched 
pow(br principle [l] suggests using very short pulses to ex- 
cite a passive transformer network for producing pulses of 
1 MV during 10 ps into 1 mm wide accelerating gaps. The 
realization presents a series of challenges and we have so far 
invest igxttctl t 11~ generat,ion of short, pnlses and the related 
voltage hold-off’ problems. 

II. GENERAL CONSIDER.ATIONS 

.:I. ,S'hod p"lsc gmemtion 

The idea is t,o excite a. radial transmission line by dis- 
charging a phot,ocathode wit,h a. fast laser and t,o amplify 
t 11~ result,ing pulse by adiabatic impedance t,ransformation. 
rattler than swit,ching the high voltage directly into t,he ac- 
cclcrating st,ructure. 

According to a study of the transformer effect wit.h a 
scale model, a gain in voltage by a factor of 20 seems quite 
feasible [a]. By switching pulses of 50 kV amplitude into 
the structure one will get, 1 MV at, the output,. We have 
not yet got the expertise for the very fast laser switching, 
but, in the case of very high current, discharges there may 
be further rest,rict,ions for t,he gain due to sat,urat,ion effects 
and the intrinsic impedance of the switSch it,setf. 

B. Voltagr hold-0.8 

The highest, snrfacc fields will have to bc held for only 
10 ps in the center of t#he transformer struct,urr,. Another 
critical place is the input to t#he structure, wherr t,he swit#ch 
voltage must be held prior t)o the laser discharge, but pos- 
sibly only for a few nanoseconds. 

Any investigation int,o t,he voltage hold-off problems for 
t,he very fast, pulses in the cent,er requires a transformer 
network operating wit,h the fast laser switch. We therefore 
prefered to study first the breakdown problems wit,h more 
conventional instrumentation in the nanosecond domain. 
This will correspond to the charge of the laser switch and 
probably allow for extrapolation to shorter pulse lengths. 

C. Erperzmen~tnl approach 

The few experimental result,s available so far on break- 
down limits for nanosecond pulses suggest that gradier1t.s 
of the order of 500 MV/ m should be possible [S], depend- 
ing on the cathode material. Most of the experiments 
have been done with pointed needle elect#rodes in order to 
achieve the required high fields a.nd by measuring the de- 
lay t,o breakdown when submit,ted to sufficiently long high 
voltage pulses. The interpretation of these results has to 
account for changes in the effective cat,hode radius due to 
t,hermal effects during t,he discharge. Further the small 
needle points are not really representative for the required 
large area swit,ching of the switched power principle. 

We therefore intended to examine large flat electrodes, 
at the expense of having to deal with very small gaps to 
obtain t,he high gradients. Well defined short, pulses are 
used in order to avoid excessive surface damage. 
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III. BREAKDOWN MEASUREMENTS 

A. F,‘.7yr~mental set-up. 

We USP a coaxial transmission line, about, one meter long 
and 110 mm in diamct~ctr, with the, outer conductor serving 
as t,he WCL~UI~ vessel. The line is closed by t,wo impedance- 
mat~chcd glass windows. The operat,iona.l pumping is tlon~ 
wit,h an ion pump. Thr, experiment,al spark gap is insert#ed 
in t,he initldlr~ of the line a.nd connects via r.f. spring con- 
t.aCt,s I,0 t,hr: i IIIlc’I‘ iLIId out,cr conductor. 

Openings for pulnping ports, gauges, broadband voltage 
probes and observat,ion windows are matched in impedance 
to give less than 2 7% pert,urbat,ion at 1 GIIz. Only t,hc test 
gap causers 6-7 94 reflections because of it,s relatively high 
capacitance. We have further t,ricd t,o keep all possible 
tnisIrlat~chc~s sufficient,ly far away from t#hc t#cst, electrodes, 
in order to avoid perturbations disturbing the breakdown 
signal. 

A coaxial generator of t,he Blumlein type, loaded by a 
capacit,or hank discharge, df>livt=rs 12 kV pulses int,o t,he 
coaxial st,ruc18ure. The rise and fall times are 200 ps and 
the half-height pulse width is 2.2 ns. 

u. 7’h& spnrk gup 

The test, gap forms a compact preassembled block, COW 
sisting of t hc interchangable flat, cat,hode and thca isolated 
;LIlode. 

signal A 
out I 

coaxial 
line 

Fig. I Schematic cross section of t,he test, gap 

The lat#ter is surrounded by a guard electrode to (‘nsur< 
a homogeneous field in the t,est gap. The surface exposed 
to t,he high voltage has an area of 0.5 CUBE and the gaps 
can be adjusted t,o dist#ances as small as 10 ILI~. ‘l’hr~ signal 
from the anode is out,put, via a coaxial UHV fccdt,hrough. 

C. Signal ot~scr~~~ation 

The dctect,ion of brcaktlowns is tlonc> by ot>sc,rvillg t 11~ 
current. coll(,ct,c4 I)y t,lic> anotlr wit Ii a fast, ciscilloscc~pc~. 

Dut> to t,hc, large arc’3 of t8hc, tcA gap tlic~rc is illifort,irll;ltf‘l.) 
alrc>ady a slrong capacit,ivci coupling of t,lle higIl volt age’ 
pulse t,o the anode! even when t,hcre is no brcaktlon~~l. 

In t,he beginning this has raisctl some’ prohl<,rns t,o dis- 
t,inguish the rcaal l~reaktloru~~~ from t,he signal Ilick-up A 
differential met,hod using a sc~x~11c~ probe wit.11 a sinlilal 
time constant> as t,he anode provecl t,o be useful t,o climi- 
nate the residual signal. In t,hc meantime WI: have foullcl 
out how to distinguish the signat,ure of breakdowns from 
t)he combined signal. 

IV. EXPERIMENTAL R ESLTLTS 

The measurcmCnts for ii wide range of cathode materials 
are summarized in Fig.2 and compared to t,hc rc>sult,s front 
hlesyats and Rohrbach [/iI t, 0 ive a consist8ent8 picturt, for g 
pulses ranging from nanoseconds to microseconds. 
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Fig. 2 R,esults of measurcmcnts 
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Tlt~ values indicated correspond to the threshold for gra- 
tlicnts ltold wit811 no brc>akdown after the initial condition- 
ing of the elcct,rodes. 

Most, of the measurements have been done with 10 pm 
gaps, but, dcspite the t,ricky adjustment the result!s are well 
reproducible. For materials with lower breakdown limit#s 
WC could also prove t,ttc, surface gradients t,o be constant 
for gaps as large as 50 llrn. 

Our breakdown fields are generally stight,ly higher than 
t81tc, resultas obtained by Mesyat,s, exc<,pt, those for copper 
c&lodes. But, both set,s of results are in reasonable agree- 
ment, if one t,akes int,o account the different mea.suremcttt 
tnethods. There may also be a difference in t,tte composi- 
t,ion of materials. For example, we used el&rodes made 
frottt aluminium and titanium alloys inst,ead of pure met,- 
als. Probably we also had better vacuum condit,ions ( 10S7 
ntbar). Other explanations for the difference arc under 
considerat,ion, like t,he influence of surface or t,hermat treat- 
ntc,nt,s of cat,ltodes prior to testing, or t,he possible impact, 
of the anode mat,erial on the cathode initiat,ed breakdown. 

An attalysis of t,he electrode surfaces by secondary elec- 
tron microscopy has shown that t,he breakdowns during 
conditioning are equally spread over a large area of the gap, 
proving t,ltr: relat,ivc, flatness of the elect,rodes. Rreakdowrt 
currents may amount ‘co several hundred amperes and can 
product crat,ers of l,lte ordt,r of 5 to 20 blrn in diameter and 
a few /drn tlrc~p. Although t,ltc surfa.ces submitted to break- 
dowrts look quit,e uneven at, t,lte microscopic level, t.here is 
no obvious rctluction in the voltage hold-off. 

III addit-ion, we have observed a material transfer be- 
t8wcett t,ho anode and cathode, which is not yet complet8t~ly 
understood. In a few cases local fusion has led t80 short 
circuits bc,t,ween the etect,rodes. This was generally found 
t,o be due to accidental discharges of the capacitor hank 
direct,ly into tlt(‘ test gap: camed by int,ernal sparking in 
t,lic, I3lunilciti generat,or. 

v. CONCLUSIONS 

l‘hc prc>sent, rcsult,s confirm that, the high gradients re- 
qttircd for the switchcd power principle can be held. But, at, 
prc,sent, the complexity and the tow quantum efficiency of 
1 tre lawr switsching pywmt, t,hc applicat,ion of the switched 
power I)rincil,lr, on a large scale. 

1Ve can further conclude that, these ltigh fields can for 
sontc metals already 1~ achieved with nanosecond pulses. 
‘l’his opens t,he opportunity for a pulsed device using 
“stow” swit chitig. possibly wit,hout, using expensive fast 
tasrr lc~chiiotogy. 

Rut t.hc longer pulses also have t.heir disadvant,ages, be- 

cause of the increased stored energy in t,he pulse forming 
networks and t.hc physical size of t#he impedance t#rans- 
former, as the dimension of the la.t,ter is proport8ional t,o 
the pulse length. 

Therefore, both the fast, and the slow version of the 
swit,ched power concept, are for t,hc time bring mainly 
of interest for the design of a single or few stage device, 
like a high brillance electron gun. This assumes t,hal# the 
stringent. laser requirements or the bigger size of the slow 
transformer can be outweighed by a significant reduct#ion 
of space charge effects during extraction. 
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