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Rain parameters of fast-acting varactors, based on 
ugnetrm diode, are described. Scope of problms in 
devel opsent of accelerators hardware, which can be 
Solved with using varactors of this type, is 
cmsidered. For ewaplc, application of the varactw 
for phase tuning in high power RF generator of 
‘rcgotrm ‘type, intended for burner-reactor linac, iS 
discussed. Design parameters of fast-tunable Fl!= statim 
for booster and main rings of the MOSCOW Kam Factory 
project, in which varactors are proposed as capacitive 
tuners, ue given. 

In the developsent of the powerful RF hardware 
device5 with cmtrollable reactants are needed. Typical 
exwles of l pplicatim of such controllable devices in 
accelerator hardware are tunable accelerating cavities. 
Frequency of this cavity aay be changed by changing 
either inductance, or capacitance. RF cavities with 
inductive (ferrite) tuners are now widely used. 
Hechanical varactors for capacitance changing are non 
used because their lou reliability. First attempts to 
use magnetron as electronic varactor were made in the 
aiddle of 40-th Cll. RF losses were so high, that idea 
was not realized. 

In the development of accelerating RF stations for 
fast cyclic synchrotrms of the INFI Kam Factory 
project CZI in the MT1 was proposed T33 and developed 
fast-acting varactor with low RF losses, based on 
napnetrm diode. Simplified scheme of the varactor is 
shown in Fig.1. c\s in usual nagnetrm diode, in the 
varactor originates electron cloud. Changing control 
voltage or bias magnetic field, me can change diaen- 
Sims and position of the cloud between electrodes, 50 
changing effective capacitance between electrodes. 
Special systm in the varactw is intmded for dumping 
of orcillatims in the cloud, which rewltr in 
reduction of RF power losses due to electrm losses at 
electrodes. This varactor is practically inertimles 
device with mough wide range in capacitance changing 
due to changing in the l lectrm cloud positim. 

Two varactors of different types are produced now, 
differing in capacitance ranpe and maximum reactive RF 
power, which can be passed trough this varactor. Plain 
parasetas of these varactors are given in Table 1. 

Varactors of the first type without bias solenoids 
is shown in Fig.2. Typical working characteristic of 
the varactor in cocrdinate5 bias field - control 
voltage is shown in Fip.3. Shaded regim corresponds to 
high-quality working replate of the varactor. Sl opcd 
line in this reQim defines saxim15 value of reactive 
RF powsr, hich can be passed trouQh varactm. 

Plot of the depmdence of the quality factor of the 
varactw vs bias magnetic bias field is shown in Fig.!!. 
at noainal (riddle) value of the voltage at anode. 

Reduction in the quality factor for B d Sin is due to 
losses of l lectrms at anode, for B 2 m - due to RF 
noise level increasing. For varactors with parameters, 
given in Table 1, the velocity of capacftanco change is 

estimated as lO”pF/sec. 

Table 1. Plain parameters of the varactors. 
Type 1 Type 2 

Plinimum capaci trnce, pF 100 40 
haxieun capacitance, pF 160 120 
Haximun cmtrol voltape, kV 25 so 
Power of cmtrol circuit, kWt 3 5 
tlaxiatum RF voltage, kV 2s loo 
Maximum reactive power, tlVcI 40 200 
Frequency ranQc, RHz 20-100 20-00 
Quality factor 2ooo 2ooo 
Magnetic bias field De, 200 200 
Life-time h, 10000 loo00 
WeiQht kg, 20 so 
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Using varactors developed, me can cmstruct 
powerful inertimles tuners for accelerating cavities, 
intended fw fast-cyclic hiQh current accelerators of 
Kam Factory type or SSC boosters. Capacitanm range is 
sufficient to provide wmkinp frequency changing near 
so x. Lou RF losses in varactor allow reach 
l cceleratinQ voltage of order me-two hundreds of kV. 
In comparison with ferrite tunable cavity, varactor 
tunable me has such features as: 
a) simple inertimles frequency tuninp and small 

reactive power needed for cmtrol, smaller dimmsims 
of the cavity along beam axis, 

b) simpler cavity design, 
c) simple handling of the station. 
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Men varactors is used as the tuner in RF cavity, 
allows solve mough simple such problem5 as: 
cavity tuning in the ranpe piven. 
fast detuninQ of the cavity f l r out of the wWkinQ 
frequency range, 
painting of the bean in longitudinal phase space 
accordinq dependence given. 

correction of the phase and value of the 
accelerating voltage. 
active duspinq of the betatron oscillations. 
cospensation in chanpinp of beam loadinp due to 
espty buckets. 

working point of the varactor chooses depending m 
its functimal purpose. To ~lvr tasks 1,4,5, working 
point have to be selected in shaded regim with low f?F 
losses (see Fig.)). To solve task 3, workinQ point have 
to be selected in the regim of high noise level, tasks 
2 and 6 - in the region of active load reqir. 

Both types of varactas developed are intmded for 
usage in accelerating system of TM Kam Factory 
Project I2,33. The varactor of first type is intmded 
for cavities of sain rinp. Becmd type of the varacta, 
with wider capacitance range will be used for booster 
ring cavities. Design parautws of the stations for 



aain ring (merpy 7.5-45 6eV) and booster rinp (0.6-7.5 
Rev) are givm in Table 2. 

Clccelerating cavities with varactors as tuners are 
now ready for testing at full-scale RF stand. 
Corrstructim of this stand is nou near finish in t#?Tl. 
General view of the prototype cavity fIu booster ring 
together with varactor is shocn in Fip. 5. Desipn of 
the cavity for l ain ring allows compare two types of 
tuners! varactor and ferrite with perpendicular bias 
fiQld. 

Table 2. 
Design parameters of the accelerating statims for 

INR Kam Project. 

Rooster Rain ring 

Frequency range, HHz 33.03-41.34, 4L.36-41.M 
Rax accelerating vol tape, kV 77.03, 130 
R/Q, Ohm 22.5, 20 
Vuactor capacitance, pF 40-120, LOO-160 
Cavity lmgth, w B60 1100 

No* under cmsideratim is the possibility of using 
varactors for phase cmtrol of accelerating fields in 
hi ph-currmt 1 i near accel orators. Solutim of this 
problem will allow RF power dividing at high level and 
will lead to reduction of delay-time in fast feedback 
system. This scheme of construction of RF generator 
becomes especially important if sypwhigh-power RF 
sources 1 ike regotrm 141 with average RF power of 
order S-10 Mt will be used in linear accelerators. 

Fast acting varactor with low RF losses may be used 
for wide variety of problems in the powerful RF 
hardware design. Its features in large tuning range, 
la losses, fastactivity in additional with low 
productim costs sake it attractive in cmparism with 
another devices, which are used in accelerator 
hardware. 
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Fig.1 Scheme of the varactor. F~Q.S Varactor tunable accelerating cavity. 


