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Abstract 

In order to modify the present SOOMeV. 1% duty factor electron 
accelerator MEA into a 9OOhleV. 0. I Q d.f. injector for B newly to brt 

huiltl l?uIse-htrctchin, D ring, the present tnodttlator-klysiron units have 

til he adapted from 1MW, 7c/r d.f niodc of operation into the‘ 

IOMW, 0.2’3 1l.f. tnude. 

Suitable klystrons are con~mercially .tvatlahc. the nn,ttchitlg 
rnodul;~tc~rs, however. ~111 he obtained by tnotiifying the lprcscnt 

ones, whxh policy ib dict;ited hy econonk~l cons~der~~ttons. 
The design principles of these modulators -;I proto-type is prescn~l) 

under construction- will be discusssecl. Special attention is given to 
the video-pulse shape requtrements, dictated by the future 

perforttlance of the pulse-stretcher. This device has to &liver loi\ 

enli[t:tnce, high duty factor (-C)O’F) hcstns for nuclear ph!,slcs 

expertnizttts. 

So~ne prot(l-type tests of the video-pulse fat-tnins niodiitc;ttiotis 
1, i I I 1kx presentcJ 

Introduction 

.\t NIKI lEF-K elaborate (e,c ) ;~ntl (c.e’X) experiments arc c.trried 

o,tt \h ith jO0 MeV. I% 11.f. electron beams from the Medium Fnergy 
i\c;cIc’rator ( hlEA). In order to cxrentl lht4 progr~~tnme eslxit;ill) 

iouaril\ double anti tt-iplc coincidence ekperitnents. the t1.f. anti max. 
crw~-gy of the heam have to he increased to (Xl’% rasp WOMeV Tk 

~1.f. increxsc WI II he obtained hy tne;ln’; of a pulse-stretching rinc. 
<;tIkd UI’DA I‘11 (ref. I ). presently under construction. The nccekt-ator 

will then serve xi 31 (3.turn) injector for this 2OUtn. long ring. This 

implies that the heam pulse length has IO be decreased from 301~s to 

7_. 15~s and that rhe r.f. peak pouer has to increase consikxthly. 

,Iloreover, tluc to the tiriistic ileirtxse tn ti.t. the ptxik currents to he 
xcrlcrated should increase from Xm.4 to X(lmA in order to tn;tint:titl 

a\‘cragtz cttrtent4 at the target at 3 rt:asott;iblc level. 
‘l‘ahie I Ipresent< the main machine p;~r;ttnr‘tets in the present ;nlti in 

111” future c~petxtion mode. Tahlc 7- prcjc’nts the spccificattonr of the 

\!,trian hlqstrons (VAO3XD). pt-exntl! in operation ;ind thost’ oi the 

tieu ly to in\t;llj Thc)rnson hl~srroti\ (TI 12 17’)). I\ hlch h;ive hcL,r 
cho2cn to lprovitk the lower d.t (0.2% ) and ittireasctl r.f. lkxh po\\et 

( 1 Oz1W). In tk next patxgraph uill be tlcsctibed how the p~cscnl 

moduI;ttorX u ill he modified to ;tc‘c.omtnocI;~te the Tl111 ?I) 1\1! \tron\. 

J‘;thle 1 Accelerator parameters before and after conversion into an 
Injector for CPU/1 I I+ 

Y7’iCi 3f SF” at -cn present fLt Iii-” 

F:nPI ‘3;’ (:: 1:L&: MC\ 5 1 0 82’ 

I .e+k .:‘J:I ient lti 2 2 8 0 

i?.‘d:r 1 oci:: III’; MlS\i,mA % 8 1.5 

B--d71 pul :;i ! E’ I- c t t, p s 3 0 2.;’ 

:ti pi t 11 I ‘II- r ;te Hz IO0 4cc 

r..\ri I d<;e 7L.z : i-r,, .L& ‘, 1 : I I c 

K 11 5 : L :: IY F- C’ i-‘“k MW .I 1 0 

:rl:nt,<-L ,,t 41;‘::’ LDn‘: I7 12 

Er-I’;q., 5,prt:a.i :, , , ,Il 

.II I.or proper tnlection into the stretcher ring, the energy 
spread will be decreased to 0. I % by means of an energy- 

spectrum compressing system (ref. 2) 

Table 2 Klystron specifications 

present futliLC 
v,\ 1 7 I’ , ! TH21.’ I 

?,.?. peak ~“YI?L V.& .l , c ‘1 

overdge power kW : f,,. .,I 

pulse wld:h )-i s 1 17 4 

1ep. riie t 2 : ‘C <1,1 

tilit:; facror ::..I 

dr1;rl? ped< po’der w < , <,I’ L I ‘10, 

I3W (4,5 d3) M!iZ i .: i,N 

: ,irhcr?c- voit. cc+: i: \,’ 1 :, c 1 ,I. 
i31 rc~-lt A 8’ 1 <’ 

&I+ ; f ,3,-t 31 

::ollPCt “I dlss. kl?’ i L, I : ?! 

LftlcleilLy .< 3 ,; , 

~1) the TFl21?‘1 is capable to deliver I5 MLL’ 

Mdulator nwtiification 

Before describing the modification, the main features of the 
existing modulators, which have been dezcribrd 11, detatl in ret 3 .1t1d 

1. wiil be presented here. 

The esistitig modulator lay-out ts shown in fig. I. 

- 
fig. I. klodul;itot lay out 

There are 30 pulse formin g tietuorh (I’IW) units, each of \h hich ih 
;I XV, 50~s line type tnotlulatot (see fig.?). As shown tt1 fit. I the 
I’l:N units are connected in lx’irs to the primary of it speci;ll 

multi-core pulse addition transformer. This f’FN system permits the 
generation of klystron lxilses. the amplirude and repetition rate of 

which can be changed hy chasing (computer controlled) the nutnhct 
of PFN units to discharge. 

,& .- 1. I ! 

fig.:. PEGunit 
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Iligh pulse repetition rate can thub be obtained -at reduced [peak 

power levels- by sequential switching 41 lirnited number of units at 

correspondingly lower repetition rate. The charging and disch‘trging 

proccs of the separate units ir controlled by a processor. The 

transformer primaries not used in the discharging proccs are 

~hortenrd Fig 3 shows the 3 different discharging schemes presently 

in use for 1 , 2 and 4MW peak power levels. 

~F~~fiy ~~~~~~ 

pulse: pdS.C? pulse: 
80kV40A 1 OOkV-60A 130kV-1 OOA 

1 MW-rf 45l.w~ 2MW.d 45psec SMW-rf 45psec 

2000 pps 1000 pps 500 pps 

fig.3. Discharging schemes for I. 2 and 4MW 

An ex;~rnple of the flat-top behaviour of the r.f. pulse at the output 
of the VA 93XD klystron is shown in fig. 4. The ripple IS in the 

order of 0.3% for 4Jps pulse width. 

fig.4 

Pulse flatness and 
phase measurement 
at 2MW rf level. 
( IOC)kV-h4A) 

Ilowever, as we will show below. the fall-time of this pul5r is 

about 10~s due to the large leakage inductance of the pulse 
transformer which, although acceptable for the 45ps pulse width, 
should be appreciable shortened for the 4~s flat-top pulses required 
after modification. 

Considerable investments have been made in the existing batch of 

twelve I % d.f.. 4MW modulator-klystron units. Therefore, ;I design 

study has been started to investigate how the conversion of the MEA 

accelerator Into a short pulse injector for the pulse stretcher could be 
carried out economically. As mentioned before, the VAO3XD 

klystrons have to be replaced by a new type \uitabk for the IOU d.l‘. 

(OZCT ), high peak power (IOMW) requirements, The present 

modulator, however. can be adapted by relatively small changch in 

the PFN network as we will discuss now. 

Four main points have to he considered when adapting the PFN 
unit network: 

a) Improvement of the shalt-circuiting behavior 
h) Pulse shortening from 35~s to 3~s flat top 
c) Matching of the new klystron impedance to the modulator 
d) Increase of the input power level to obtain the 1OMW r.f. 

from the new klystron. 

The short circuiting behavior can be improved considerable by 
Lonnecting a “short circuit thyristor” to the primary of the pulse 
transformer (see fig.5). 

PFN-A 

PFN-B 

peak 
protectol 

fig.5. Primary shorting circuit 

This thyristor can always be triggered during the trailing edge of 
the pulse and will result (see fig.6) in a steeper trailing edge OI 

shorter falltime. Moreover, positive reflections can be converted into 
negative reflections so that the PFh’ is always to be charged from the 

level dictated by the end of line clipper. Mismatch is allowed within 
the dissipation limits of the end of line clipper. 

The thyristor can also be triggered when the klystron arcs. Then the 
pulse is short circuited at the primaries and the arcing energy will be 
limited.Both thyristors are triggered by an external gate pulse to 

prevent them against damage by the di/dt of the pulse. 

fig& 

Short cicuiting 
of a primary. 
(2Spsec testpulse) 

Pulse shortening and proper matching to the newly to install 

klystron has been obtained, in the modulator test-facility, by 
rearranging the PFN network as shown III f1g.7. 

2’15 sections 2/i8 sectlors 

a) b) 
fig.7. Pulse forming network 

a) txfore modification 
bj aftrr modification 
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llsing these modified PFN units the IO MW r.f. peak power c;tn 

be reached as shown in the discharging schemes presented in fig.X. 

m&j[ ~ CE@~ -$E+&E$, 
9x 

-B ! 
L2ll a @ii ;‘i 

pulse: pulse: 

@~igF 

i OOkV-65A i ZOkV-&A 
pulse: 
i 70kV-140A 

2MW-rf Spsec 4MW-rf 5,usec 1 OMW-rf Spsec 
400 pp.5 400 pps 400 pps 

fig3 Discharging schemes for 2, 4 and IOMW 
using modified PFN-units 
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Ol>er;ttion at just the IOMW level (i7OkV) does not l~rovid~ 
enough pulse-level rmge control for the conditioning of the klystrons 

;~ntl the Item rrwgy of the mxlerator. Therefore. as is the cxw in 

the prcst’nt sittlation. the different switching schemes shout, in fig.8 
v il! hc essential also for the mociif~etl klystrori-rnodttlator units. 
With thcsc schemes an alniost smooth input power level range ft-om 
‘)okv-sox to lXokV-lsoA can be achieved. 

I\‘ote that the prucessor must be able to cope: u ith more primary 

I’1.U unit choice5 for dixdwge then 1s the case with the prexvit 

nmlulator. 

Gjirig ;1 limited number of niotiified I’FN wits inst;iIlcd 111 lhtx 

nicdul;ttor test facility the 1ps ila-top i- O.?‘k ripple) l~i‘tl:~vIor I\ 
oht:lineJ is shown ill fig.0 

fig L, 

I’LIISC flatnc‘5s ot 

iuoihfirtl PI-N 
iIt 51.4 klyww 

Curlen 

On the basis of these :cst recults it is expected that with the 

rnotiificd tnodttl:ltclr~klysrron units and conGriering the c0ncider:~hlc 

inCrC,~seil be;un current Icvcl requested for Ihi: pulse-strctcht’r. the 
crli%rg q>rc;td of the beam will he In the order of 1%. T’hk slvctrum 

/I:I; to hi’ IC~IICC~I to the 0.15; lebel for proper inyctioil into tht‘ ring. 

ii hiih LC ill ILL ;tchlebeiI ill ;i so-called energy spectrum comprt‘ssor 
\5\tclll iI.L’1‘.1) Ix)orld the ;Icc‘cler:itor. Ncvrrthrless it SCL’III 

\\ orthwile to consider to what cxtcntl th? I c/i i‘nergy spectl-UT11 frm 

Ihe aicelerator ~twlf cm he r~4ucctl. 
Y’o this purpow WC ha\,e starred ;I developmrnl whtch invd~e‘; 

pulw top ICvCl Cihili/ation. 

A pow~‘t 1:kL.i‘ h,tb beer1 ~nstalletl tn seric5 with the prt’sent klqstriln 

on the IOU \oltagc side of thtz pulse tr:insfornwr (fig. 101. 

II&II) 
l’rinclpk ot 

lllilx! IOl? lL’\c‘l 

~tabili/at~orl 

lj$ 

ME 

,/ 

IL 

I 
I <_I .̂ ._^ ’̂ 

yXk’,‘:& ]- “;‘y“‘“%‘i II 1 L 

II< }-;-I y’ :’ 
“7 -’ L-II1 ! 

Vlrsr test resu[t is givenin fig.1 I, showing 3 considerable 

IIII~~IO~L~II~~~ ,jt the 1’1;~top behavior 

fig. I I 
I-x~t top behav~olll 

without and with 
power WI‘ 

Conclusion 

i\t this stage 01’ the clevrlopment progt-:unnw it s;i’cm\ lihclb th.tt 

the ;daption of the present n~odulatot-s for ubr of the MEA ;iCi.~/i’l ,tto1 

;IS an injector for the pulse-stretching ring cm hr: achieved Th1\ 

implies that a conskkrahlz part of the presc”it batch of I:! mi~dttl;dors 
will still be usable. Further studies ore in progrw 
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