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1. In t roduc t ion 

The next linear collider will require 200 M\V of RK power per meter of linat-
structure at relatively high frequency to produce an accelerating gradient of about 
100 MV/m. The higher frequencies result in a higher breakdown threshold in the 
accelerating structure hence permit higher accelerating gradients per meter at\innr. 
The lower frequencies have the advantage that high peak power RF sources can lie 
realised. 11.4'2 GHz (four times the present SLAC operating frequency) appears 
to be a good compromise and the effort at the Stanford Linear Accelerator Center 
(SLAC) is being concentrated on RF sources operating at this frequency. The filling 
time of the accelerating structure for each RF feed is expected to be about 80 ns. 

A relativistic klystron collaboration between SLAC. LBL and LLNL was suc­
cessful in studying the problems of generating hundreds of megawatts of RF power 
at 11.4 GHz and driving a pair of high-gradient accelerator structures. The elec­
tron beam for the klystron was produced by a 1.2 MeV induction linac at LLN1.. 
This klystron produced 330 MW of peak power with a pulse duration of 40 lis. An 
electron beam was accelerated with a gradient of SO MeV per meter. This work is tU-
scribed in detail elsewhere.1-2 While murh was learned from the relativistic klystron 
project, the induction linac for generating a mega volt, kiloampcre eleciron IJC.IMI 
for each RF power source is very expensive, making this scheme a less promising 
candidate for a 1 TeV collider. 

I'ndcr serious consideration at SI.AC is a conventional klystron followed by a 

multistage Rp pulse compression system, and the Crossed-Field Amplifier (CFA). 
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2. Conventional Klystron with RF Pulse Compression 

The present objective is to develop a conventional klystron that will produce ,v 
least 100 M\V of RF poweT with a relatively long RF pulse duration; when used with 
a suitable RF pulse compression scheme it will produce several hundred megawatts 
with a pulse duration of about 100 ns. 

An experimental klystron designed to operate at 11.42 GMss and deliver 100 M\V 
with a RF pulse width of 800 ns has been built and tested. The cathode or thi> 
klystron is pulsed at 410 KV and has a microperveance of 1.74. The klystron lia* a 
single gap output cavity with two waveguide output ports (fig. 1). 

In a design such as this, many of the con-
ventional tube technologies are being pushed 
to their limits. For example, the power den-
wty in the electron beam is w rxre?^ of 
.'J16 MW'/cni" fll f I ft* pulse width and t|n> 
peak RF voltage gradient in the output cav 
ily exceeds 1 MV/cin. The beam compres 
sioti ratio is -00 • 1 About onr-lndf c/ 
the beam compression i« obtained electrovtiii-
ically in thr gun and the remainder is accom­
plished with ti kG tonvorg'mg focusing fwlrl. 
The focusing of the beam requires great cure, 
or damage can rasih be done to the tube-, 
The RF output ceramic windows are highly 
stressed, 

^he initial period of testing resulted in 
IL measured peak output power of 66 MW 

combined from both ports, with a pulse width of 30 ns (fig. 2). Attempts to lengthen 
Al pulse width resulted in a lowering of the RF breakdown threshold in the 

output gap and an increased risk of damage due to beam interception especially in 
the region between the penultimate cavity and the entrance to the collector, Tin* 
RF breakdown threshold was raised significantly with a few hundred hours of Rr' 
processing (fig, 2). 

After this initial phase of testing, the klystron was used in two olher test-
that were critical parts of the collider RF source program. The firs.1 of IIK-H- «AS 

Figure 1: High-power A'-Band 
klystron. 
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Figute '2; KfTect of pulse width and processing on HI-" breakdown threshold, 

d high-power lest of the three-stage R F binary pulse compression system, and I IK-

second was a test of the first experimental ("FA. In the latter lest, a i nu t io t i of tin-

klystron UK output was used as a 1 M W driver for the ("FA. 

At the ful l H F pulsr w id i l i of 800 ns, 25 M W was. available to use in testing a 

three-stage binary pulse compression system described later. 3 Testing of tl i is system 

was temporari ly suspended due to failure (puncture) of one of the klystron RF 

output windows. This necessitated replacement of the windows *nd cathode. which 

was at upvrat iug lemperi i twrr at the t ime of failure. 

Dur ing this repair, inspection w i th a horoscope revealed severe melt ing of buth 

the drif l tube near the nut put c<i\rl\ and the nose tip.- in the output <« \ i (>• CuM 

leMing revealed ihat I lie resonant frequency of the output cavity had >I1M> UicieaM'tl 

several hundred M H / due to l ite melt ing of the nose l ips. ( ' u r ien iK . the kh>in<i i 

is running at reduced p<iw>t a* an K F drive source for the ('FA le. is and later 

wi l l be used for more RF pulse compression system testing. The d a m p e d khs l ru t i 

successfully made about 10 M W of useful HF pime, available for the^e other ir<-t 

programs but it has not been operated at ful l beam voltage since being repaned. 

The second version of this klystron is expected to ready for test in August. T in-

major change wi l l be a double gap output cavity that is expected to reduce the HI 

voltage gradients by about 40%. 
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It appear* t l iat the object ive »f 100 M W fii>nt a '-*itivfiiiH.nal k lys im: , <.p.-iat 

ing at l i t is frequency remains feasible. Oi l ier f l ia i ipe- th. i l are Kemp ..m-nj.-i.- i i fm 

fu ture versions of this k lystron »rc the f.klli.wmi; (! i A higher current <l<*nhu> r. i ih 

ode lo reduce (lie amount of beam compression l l i . i l is (H lie accomplished b> the 

in.igiH'tit' f ield, (tuis reducing i l l * ' length uf the lube and the size and cwt c-f the 

fottishift magnet: {'>) a traveling wave output n i r u i t lo fnrthei reduce t l ie UK volt­

age gradient; and (3) d iv id ing tin* UF output into parallel lo in l ' i r i . i l ion- of rera i l i i ' 

output windows. 

3. Crossed-Kield Amplifier 

Magnetron oscillators have generated single-shot power of 1 lie order of gigawalls 

at. tumoscc oild pulse widths, but pha.se coherent 0 ! As wi th MiuUiiiieftitw&ti out 

puts al A -Hand Hre not common (*FAs have inherent characters! ics of low beam 

impedance, compactness, high eHheucy. and relatively low cost of mai l i i fact ine. arid 

as such, are (mod potent ial candidates UK Smear cullidei apph< alums where larRe 

quant i ty 's of tubes are t'e<|uii'*o SLAC lias theref inr n i idei lakei i ihe development 

of a CI 'A to operate- at 11.42 G\\t. The l i ist cxpci imenta l l ube was designed to 

operate al the backward wave spate hat iuimn wi th a phase shift of JJ !t°/se< IH . I I 

and w i th a cold p la t inum cathode. The design voltage and current are 1-J1) KV ami 

)700 A t respectively, ' j ' l ie object ive is '..• produce an HI-' output power of Mil) M W 

w i t h a pulse w id th of 100 ns. H I ' pulse tompiession wi l l nol be used 

Prel iminary results show (hat a peak power of JO M W w-as generated at D' KY , 

415 A at 11.10 C i U , w i th a pulse width of about oil ns. A photograph of the first 

experimental tube is shown in fig. I). 

One o f the problems encountered was that the <alhode < urrent was consid'*i-

ably lower ihan espr r led Mul t iu iode compute! simulaiious of i Kissed-field i i i ierni 

l l uu reveal that this ma\ have been d m - i n mle i le ie in . - \>\ ti,t um le ih ing fa*-1 wa'.r 

forward-wave component w l i i . l i has a p-lai ivek st|.>ni' e l t - i l in li'-hl at the cathode 

As the IU-' wave htit lds up aloit£ the «u<\u l . this iomp\mv i t i of vle« ui» fteM car 

cause l i te ene|j;y of the bach buinl ianhi iH '•'*'*' lon» to be MI hii>h thai t lie secotnLn 

emmissioli coefficient of l l ie p la t inum cathode falls l>e]ow mnty. thus hmitme. the 

c i j i r m i available. This lias lod us to look at a i io lhe: di--u/,n «l i i<h synchronizes wi th 

th* ' backward- wave fundamental component inslead of the backward wave spare hai • 

niuti i '" and wi l l have a phase shift of 1,Iff/section This new desipn wil l also have 

an H i " circuit w i th a tapered impedance a)*mg if. so a- to have a constant p"Wei 

generated pei unit length. Such a waveguide-coupled <n<mt is shown in dp I 
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Figure 3: Crossed-field Amplifier. Figure-1: Simulation of wnveguidf 
roupled anode t'iittiit 

tt has the potential of producing hundreds of megawatts of peak power per liilw by 
periodic coupling betwivn the anudc circuit nnd the waveguide. This can hnve the 
advantage that the HF voltage along the circuit can he hold he low ft certain level and 
back-bombardment energy cat! be made relatively constant. Also, multiple output 
ports And output windows can bo accommodated. 

The existing experimental ('FA is being modified to Improve the high-vol!age 
standoff capability and the vanes are being trimmed U> heller match llie ^ueratiug 
frequency with that of (In- klystron 

4. Binary RF Pulse Compress ion 

A three-stage, high-power binary HF pulse compressor has h im lestix! At SI. A<' 
In each stage of an ideal system, the HF pulse Inigth is compressed by half and ilic 
peak power is doubted. This is accomplished in each singe In delaying ,r»o first 
half of (he input RF pulse using low-loss TEoi delay lines. With appropriate ph*M< 
keying, the first half of the pulse is added to the second half in a 3 <)[') tiyruiil. 
A schematic of the three-stage compression experiment with AU output combining 
stage is shown in fig. 5. This technique is described in more detail elsewhere. 3 ' ' In 
practice, the peak power multiplication is approximately 1 ,i! per stage due to iln-
losser, in the various components. The overall peak power gain and efficiency of the 
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Figure 5: Tltr«c-slage, single klystum HF pulse cumprobtiivm schematic. 

binary puis** compression system at SLAC are 5.5 and 6SVI, respectively. The ruin! 
rompressed HF pulse \* aboui 70 lis in duration, making this. lech ni<j lie applicable 
to feeding high-grndieut accelerator sections with short filling time>. 

The high-power lest of this binary pulse compression system *»s lomporarih 
halted duo to (he klystron window failure described earlier. Prior to tins event, 
approximately 10 MW from each of (lie two output waveguides of the klystron was 
used lo feed tlie two input porU of the fust pulse compression stage. There were 
some problems that limited the success of these first high-power te*ts. These were 
unbalanced and mismatched input lines, incomplete signal monitoring and a missiruj 
mode transducer and high power termination on the ouipul singe rombiitrr. The 
highest-measured compressed output pulse wiili these limitations was 37 MW. Willi 
all of the high-power components now in place and with complete diagnostics for 
tuning, we expect 10 MW, 800 ns pulses at each input lo produce 55 MW compressed 
pulses at each Stage 3 output, and i'S MW with these two outputs combined. 

Tests were resumed using a 1 KW traveling wave tube amplifier as a driver as 
A substitute for the klystron boms *'ywired. The final missing components were 
installed and the signal monitoring system was completed. The test results now 
compare very closely with those predicted from the individual component looses 
which were measured on n network analyzer before the system was assembled. 



Figure 6: High-power phase shifter. Figure 7: High-power .Y-Band window. 

When two .Y-Band klystrons become available, the binary pulse compressor will 
be reconfigured tn utilize both of these high-power sources. If each klystron pro­
duces ]00 M\V with a pulse- duration of 800 ns, we expect 550 MW, 100 ns com­
pressed pulses at each Stage 3 output, and 980 M\V after combining to a single 
output. These goals are, of course, limited by peak power handling capability of the 
pulse compression system. The high-power testing of the binary RF pulse compres­
sion system will resume after the initial testing of the second 100 MW klystron in 
August 1990. 

5. High-Power X-Band Component Development 

High peak power .Y-Band waveguide components with clean, high-vacuum prop­
erties arc not generally available commercially. Several high-power components haw 
been designed and built at SLAC that have been used sucessfully in the RF source 
development program. Among them are broadband sidewal) directional couplers, 
inagic tees, RF ceramic windows, phase shifters, tuners and loads. These compo­
nent? are made with the same vacuum standards thai are used in high-power mi 
crowave tube fabrication. Some of these components are shown in figs, 6 and 7. 
The objeclivc for all of these devices is to handle peak RF power in 1 he hundred* of 
megawatts. The most critical of these devices is the RF ceramic window, There i* 
very little operating experience with .Y-Band windows above a few megawatts. 

A traveling wave resonant ring has been designee and is ncaring completion: 
it will be used to test RF windows, waveguide components and two-port output 
structures at significantly higher peals RF power levels than they will be especled 
to operate. This test vehicle will have A peak power gain of 12 dB and will use oru 
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viL the A' Band klystron*- as a soufK'. rtt-sidunl n>i.-iit;tli ii> ^ ,n the higi. jr-.^it :;I.J> 

HIII! 111 the device under u**t will l>e mnei] out usuu! A Jive rU-inent luuei iliat IM-

lliovithje diiiphrhiiis in the narmM- «;,il uf Uic lum'i w,i\ ijiiuclf. Tin1 nun will b<-
prt'ciwly tuned iw the desired resonant fn-<|ueix \ UMIIK .1 high-power squeeze I»»|H 

pli«*e shifter designed and built fur this purpose. Tin- wiivpguide component*, an 
made of copper ;uul stainless steel and aie designed |.> tipcrrtti* *<*-iifi a vacuum li­
the ! 0 - 9 Ton - rang*1. The components in the higb-p»wei pnriiuii »f the n-Muiaim 
are wiiicr-cooled. 

6. Conclusions 

The TeV collider ItF source development effort at SLAC is bein£ concentrated on 
berth the high-power conventional klystron followed by some form of HF pulse com 
pression (not necessarily three-stage binary described note) and the Cl-'A, Tlie rela-
tivistic klystion provided an excellent experimental sour re for initial high-gradient 
accelerator experiments. The induction linac required to make high an rent Tela 
ttvistk bea.m& (or these klystrons appears at present to be '00 expensive (or n*ve in 
a high pulse rale mode. The 100 MW conventional klystron is promising but re­
quires stable operation at S00 ns with pulse compression to 100 ns. This has yd 
to be demonstrated. Problems with RF voltage breakdown in cavity gaps, ceramic 
windows and pulse compression waveguide components must l« solved. The CTA 
development is not as far along ah the klystron and wilt be a serious collider III* 
source candidate only if stable operation can be achieved above 200 MW. If one of 
these two approaches emerges! as the move feasible, the focus of further effort will 
be toward producing that source at low cost. 
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