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Theoretical principles and construction sche.e 
of new-type super-po.er .icrowave relativistic 
electron-beam (REB) generator (Regotron) are 
discussed. Unlike other type of REB-generator, 
Regotron includes distributed power take-off 
syste.. To increase device efficiency the 
autophasing-principle is used. Such principles of 
device construction eliminate output power generator 
limitations. Theoretical basis of general generator 
construction prinCiples is proposed; the results of 
mathematical simulations are presented; the 
different verS10ns of construction scheme are 
discussed. It is shown that regotron efficiency can 
reach 70 ••• 80 % at output power levels up to 
10 ~ CWo 

Due to recent development of large accelerating 
complexes ( LEP, UNK, sse. etc. ), the RF a.plifiers 
with high mean power become of ever increasing 
interest [1]. Reliabil1ty and efficiency 
requirements of such RF devices are increasing as 
well. This is specifically the case with the RF 
power-supply generators of proton linear 
accelerators which now under consideration for use 
in the burner-reactors. A total mean power of about 
1 GW is necessary to accelerate a continuous beam in 
such accelerator. As preliminary investigation 
shows, the implementation of the devices has to be 
based on RF generators with at least 5 ••• 10 ~ 
output power, 70 per cent efficiency and 20 dB gain. 
It stands to reason that the .ost powerful 
up-to-date devices, namely klystron amplifiers, are 
unable to meet the aforementioned power and 
efficiency requirements. An alternative RF system 
imple.entation with relatively .odest generator 
para.eters results in significant size and .eight 
growth and increased maintenance proble.s. 

A possible way out was outlined in the paper 
(2]. where a new method of m1cro.ave generat10n was 
proposed. The .ethod makes use of a bunched 
relativistic electron beam passing through a chain 
of N cavities and thus enables high efficiency to 
be obta1ned in the device with distributed RF pONer 
extraction system. 

The peculiar feature of the device called 
"regotron" is the utilization of a nu.ber of 
uncoupled cavities in the po.er take-off system. The 
technique provides for the micro.ave power take-of 
which is N ti.es that of a single cavity (which is 
the case with a klystron where the power taken off 
of the beam is li.ited by the ultimate dielectriC 
strength ). I.ple.entation of the aethod enables one 
to place the output cavities in the vicinity of the 
load ( e.g. near the accelerating sections of a 
particle accelerator) thus both si.plifying the 
micro.ave system and decreaSing its po.er 1055. 

The installation diagram is presented 1n 
Fig. 1. The generator involves high-voltage injector 
(I), buncher (B). distributed power take-off system 
(PS) and collector (e). 
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Fig.l. RF installation diagram. 
1 - high-voltage injector (Il 2 - buncher (B) 
3 - passive cavities of the buncher 
4 - distributed pONer take-off system IPS) 
5 - active cavities power take-off system 
6 - bunching cavities of the power take-off 
system 7 - output cavities 8 - beam collector 

The preferable design scheme of the 
electrostatic accelerator 1S that of 
eockroft-walton. In the continuous-beam accelerator 
one can also use an alternative high-voltage source 
in the form of dc high voltage transmiss10n 11ne 
( U > 500 kV l. The latter si.plifies both the 
generator design and accelerator RF system as a 
whole. 

Quite a novel design approach is needed in the 
resonator part of the generator. The stretch of the 
power take-off system 1S lim1ting the perveance of 
the beam which has to reach the finite min1sal 
energy after the deceleration in spite of the 
destructive action of the Coulomb forces. The 
perveance has to fall into the 
( 0.1 - 0.5 l * 10 A/V3/2 range where effective beas 
deceleration is possible. This requirement 1S easily 
met WIth the 10 - 30 A relativistic bea.s. 

If the generator deSign is based upon the 
klystron bunch1ng then the in1tial beam energy h~s 

to be less than 700 keV - the limit1ng value for the 
klystron bunch1ng to be still effective. If t~e 

initial energy Wo exceeds 1 MeV then the .agnetlc 

bunching is preferable. 

The distributed nature of the power take-of 
system complicates the bunched beam dynamics 
problems. The device efficiency ry = 1 - WkIWO' where 

W
k 

is the beam finite energy at the collector. To 

increase the efficiency and to 
collector po.er one has to organize 
bea. dynamics so as to preserve bunch 

decrease the 
the partic Ie 
configur aUon 
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and hence the current harmonic through the whole 
deceleration process and to provide for the m1n1mum 
possible value of Wk. The well-known pr1nciple of 

the acceleration theory - that of the autophasing 
is used in the device to solve the problem. The most 
effective method of the autophasing implementation 
in the distributed power take-off system is based on 
the use of cavity pairs [3]. One of the two cavities 
( see (6) in Fig. 1 ) is passive. It's detuned to 
the higher frequencies with regard to the signal 
frequency while the another cavity (which is the 
active one, see (5) in Fig. 1 ) is tuned in to the 
resonant frequency and coupled with the load. Thus 
the voltage U which is excited in the active 

CL 

cavity, is in-phase with the first harmonic of the 
beam current I, whilst the phase lead of the voltage 

U in the passive cavity with regard to the first 
p 

harmonic of the current is about rr/2 ( see Fig. 2 ). 
,The beam 1S affected by the net voltage UL w1th the 

phase lead with regard to the current first 
harmon1c. Th1S phase lead plays the role of the 
eQuilibrium phase and the bunches fall into the 
autophasing regime. If R, and R

z 
are the shunt 

resistances of the cavity pair then the net effect 
of the pa1r on the beam is equal to that of a signal 

cavi ty with the shunt resistance R =-I R
Z 

+ R2 and .. , z 
the detuning angle ~.. cos ~ .. = R,/R .. ). Thus the 

autophasing regime with the desired equilibrium 
phase 1S realizable through the proper choice of the 
cav1ty parameters. 

U 

'r~Y1 
~ 

I U , 
Fig.2. 

CL 

Klystron bunching 1n the regotron has its 
spec1fic features. Since the particles in the power 
take-off system are oscillating with regard to the 
eQuilibr1um phase, the main problem of the bunching 
is to prov1de for the maximum capture into the 
stable oscillation domain. The boundaries of the 
doma1n are usually defined by the following 
Inequalities I ~ -~ .. I s 60°, I AW/w I ~ 10 ::<:. In 

the case current harmonic at the entrance of the 
power take-off system doesn't define unamb1guously 
the device efficiency. During the deceleration the 
value of current harmonic increases and the mean 
current harmonic over the whole take-off system 
exceeds the input value. 

A cOIIIPuter simulations of bunching and power 
take-off processes was performed with the aim to 
investigate the beam dynamics to optimize the 
generator parameters over the wide frequency range 
[3-7]. The generator efficiency increase due to the 
autophasing was confirmed by the computer simulation 

results. A typical example is presented in Fig. 3. 
The calculated current harmonic variation is plotted 
against the relat1ve bunch energy in the energy 
take-off system with (curve 1) and without 
( curve 2 ) the autophasing. The parameters were as 
follows: WI) = 700 keV. AW/W = 0.08 per cavIty. 

Equilibrium phase of the autophasing ~e 60°. The 

autophasing clearly provides for the longer 
energy take-off feasibility and thus for 
efficiency up to 80 per cent. The effiCiency of 
power take-off system w1thout the autophaslng 
about 40 per cent. 
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The higher is the value of W
o

' the hIgher 

both the efficiency and the output power of 
system. 

are 

the 

The calculated performances of regotron with 
different operating frequencies are presented In 
Table I. The efficiency, dimensions of buncher Lb 

and power take-off system Lpg as well as the number 

of active cav1ties L were obtained through the 
CL 

optimization based on the calculation results of 
papers [3-6]. At present a pulsed regotron ~odel 
with 3000 MHz operating frequency is being built In 

the Moscow Radiotechnlcal Institute of the USSR 
Academy of Sciences. 

TABLE I 

Calculated Performances of Regotron 

f[MHz] P[MW] n[!] I [AJ 
° 

350 5+10 70+80 10+30 

600 5+10 70+80 10+30 

900 5+10 70+80 10+30 

3.5 70 10 

• - pulsed regotron .odel 

W [MeV] 
° 

0.5+0.7 

0.5+0.7 

0.5+0.7 

0.5 

L [m] 
b 

9.;.-12 

6+8 

4+4.5 

2 

L em] N 
p" (1 

4.;.-5 5.;.-10 

3.;.-4 6.;.1 ~ 

1.5-:-2 6.;.-12 

7 
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Hain coapute~ siaulation ~esults will be 
checked against the expe~1aents with the model and 
diffe~ent systea will be t~1ed out. The calculated 
pe~fo~.ances of the regotron which is intended fo~ 

the ene~gy supply system of the bu~ner-~eacto~'s 
linea~ proton accelerator are given in Table II. 

w 
o 

TABLE II 
Calculated Pe~fo~aances of Regot~on 

fo~ bu~ne~-~eacto~'s linac 

Bea. pa~amete~s 

Current. A 
Initial energy. keV 
Beaa radius. c. 

Buncher pa~a.eters 

Nu.be~ of cavltles 
Input power. kW 
Ope~ating frequency. MHz 
Cavity cha~acte~istic wave i.pedance. Ohm 
CaVIty b)-factor 
Length of the buncher •• 

Power take-off system parameters 

Nu.be~ of cavities 
Cavity characteristic wave impedance. Ohm 
Cavity b)-facto~s : active 

paSSIve 
EQuilib~iu. phase. deg 
Output power. MW 
Efficiency. per cent 
Length. • 

The cholce of the 
500 keV enables the well 

beam initial 
developed dc 

10 
500 
1.5 

3 
2 

600 
130 

10500 
7 

7 
206 

22 
14000 

60 
5.8 

77 
3 

energy 
ene~gy 

supply system to be used. In Fig. 4 the beam current 
f1rst har.onic va~iatlon along the device is 
presented (B - buncher. PS - power take-off 
system ). 
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of 
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the The ~esonant pa~t 

consists of the to~oidal cavities 

PS 

8 10 z (al 

gene~ato~ 

wi th the TH 
010 

wave. The focusing systea involves a 
solenoidal lenses with .agnetic induction 

nuabe~ of 
which is 

less then 0.1 T. A constant .agnet design is under 
conside~ation now. 

This investigation shows that the proposed 
supe~high-power RF regotron-type generator is to 
produce 5 - 10 MW RF powe~ 1n contlnuous .ode WIth 
the 70 -80 pe~ cent efficiency. The regot~on-type 

generators should also be used in the energy supply 
systeas of high-ene~gy pa~ticle accelerato~s WIth 
high mean cu~rents. 
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