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Abstract in a stainless steg¢hnk. A very high vacuum in thecavity
(10108 Pa) is obtained by a sputter ion purapd a
RF system ofthe VEPP4M collider consists of six gettering pump. The stainless stetenk is evacuated
181 MHz copper cavitiefed from asingle RFpower source. Separately by a sputter ion pump to aboutR8. Thecavity
The cavity has aQ of 50,000and a shunimpedance of can bebaked out to a temperature of 380C°C using tape
15 MOhm. The cavitiesare connected to a Waveguidé’]eaters mounted on tloavity wall inside the vacuuntank.
distributing system with the aid of coaxial lines. The distané@ermal shields are used for reduction of the heat losses.
between cavity connections Equal to onewave length.
Dimensions of the rectangularaveguideare chosen in such ‘
a waythat theguide wave length is equal tawo free-space Tape oL HOM Antimultipacting
wave length. Power distribution along the cavitghain is Heater Tuner fine ‘
proportional to the distribution afavity shuntimpedances
due to a proper design of tleax-to-waveguideransitions.
The two-tube tetrodeamplifier presentlyhas aroutput RF ! \
power of 300 kW. Afterupgrading of the RFsystem its =———=" > T r
power will increase to 1.2 MW. ‘ L ek
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INTRODUCTION

VEPP4M electron-positron collider is themodified
VEPP4 storageing designed for operation witfivo electron
andtwo positron bunches at thenergy up to 6 GeV for each
bunch. The storagéng has the circumference of 366 m and
the beam revolution frequency of 819 kHz. Figure 1: Schematic view of RF cavity

Main RFsystem ofthe VEPP4M consists of the control
electronics, RFgrid tube power amplifiers, RFpower )
transport anddistribution systemand six RF accelerating Table 2 Parameters of the cavity
cavities (presently only five RF cavitiase installed into the

: : . Resonance frequeney 180.9 MHz
storagering). The frequency othe main RFsystem is . ;
181 MHz that corresponds to 222nd harmonic of theam Tunl_ng range of cavity frequeney 200 kHz
Tuning rate- 4 kHz/s

revolution frequency. Table 1 presents some desigr

parameters of the RF system, Accelerating voltage\) — 0-1500 kv

Q value— 50,000
) . R/Qvalue (*)— 292 Ohm

Table 1: Main Parameters of RF System Shunt impedance (% 15 MOhm
Energy of particles, GeV 53| 6.0 Wall loss atv = 1000 kv— 150 kw
Total electron and positron current, mA 200 | 80 Maximal power flux a/ = 1500 kV— 4.8 Wicnt
Egg:;';?ﬁg%ﬁ%’agssi\ﬂ“&ev ?,; :3“51 (*) Shunt impedance is defined aR = V?/P,

) . . 2: + H

Power loss in RF cavities, kW 250 | 600 V= ([ B,cos(kz)d2)+ ( Bsin(kz)dz)
Power transferred to beam, kW 550 | 400
Total RF power, kW 800 | 1000 The tuning of thecavity is performed by squeezing the

side walls using a d.c. motor drive with a gbakandlevers.
There are no sliding joints at this way of cavity tuning.
RF CAVITIES Three speciaHOM tuners areprovided fortuning the
higher ordermodes ofthe cavity in order to avoidbeam
The geometry ofthe cavity and itsdesign are shown ininstabilities. This technique is described separately [1].
Figure 1. Cavity characteristics are summarized in Table 2. A ring-shape d.c. biased electrode is placethacavity

Cavity wallsand other internal parts angade of copper. in order to suppress multipacting. For the same purpose the

Theyarecooled bydemineralized water. Theavity is placed main loop is isolated from the cavity and also d.c. biased.
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Figure 2: Scheme of RF system
RF POWER TRANSPORT AND There is a special feature of connection ofcaeity #1 to
DISTRIBUTION SYSTEM the waveguide divider. Due to a lack of free sptwecavity

is connected to thevaveguide inthe cross-section of the
The general scheme of thewerpart of the RFsystem is cavity #2 butear the otheside wall. For theight phasing

shown in Figure 2. As one can see, there are no magic ted §€ cavity #1, the length of coaxial line is ak/3 more
directional power dividers, no ferrite circulators fime RF than for the cavity #2. _ -~
system. The cavities in the storagey aregrouped by three. 1€ design of theoax-to-waveguidéransition and the
The distanceébetween two cavities in group is equal to the l€ngth of coaxial line to aavity are chosen sthat the matrix
free-space wavéength A (165 cm). The distanchetween of transmission from the wayegwde to a cavity has a form:
cavity groups is equal to a multiple xaf Therefore, théields Lg ! /OG}
in the cavities must be in phase. All cavit&gs driven by a _ . .
single RF power source. whe_reG = I_C/VW is a _transconduct_ancec(ll_s a current,

RF power istransmittedover arectangularwaveguide driving acavity, andVy is a voIFage |_rthe middle point of

) : . S " the waveguide). The G value is adjusted to provide the

The waveguidehasdifferent cross-sections in differeparts: - . : . _
between cavities in a group (waveguide power divide|r atched conditions in thwavegwde__aithe highest design
between cavity groupsand between cavitiesand power Vel of RF power transferred to cavities loaded by the beam.
amplifier (regular waveguide).

Each cavity has a maircoupler of a loop type. It is

connected to thevaveguide with a short coaxial line using =t
coax-to-waveguiddransition which is placedear a small [

side wall of thewaveguide. The waveguide between RFCouling Coax
cavitieshascross-section of 95.8 50 cnt. The guidewave 7%}7 -
length A is equal totwo free-space wadengthA. So the Coupler 2

distance between coax-to-waveguithnsitions in a group is  ,.%, <00

equal toA/2 and thedistance betweeocavity groups is equal Dividing
to a multiple ofA. waveguide

For obtaining theight phasing otavity fields,the main
coupling loop inthe middlecavity of a group igotated on

18 to the loops of other cavities. Figure 3: Schematic view and equivalent circuit of coax-

waveguide transition of RF power dividing system.
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The schematiwiew of the coax-to-waveguiddransition Table 4: Operating conditions for a 4-tube RF power stage

and itsequivalent circuit is shown in Figure 3. Taetenna (grounded-grid circuit):
inductance is compensated by a capatitoer placed in the
middle point of the waveguide. Frequency- 181 MHz
With this scheme of driving RF cavities, the driving Output RF power 600 kwW
currentsl. arealways equal irrespective attual values of Input RF power <100 kwW
total cavity impedancesZ. (with due account ofbeam D.C. anode voltage 8 kv
loading) and areletermined only byhe waveguide voltage. Screen grid d.c. voltage 1kv
Therefore, power distributioralong the cavity chain is Filament voltage- 126V
proportional to the distribution of real parts of cavity Filament current 730 A
impedancesR. = 0{Z:}. If the shuntimpedancesndtunes Anode dissipation of one tube 100 kw
of the cavitiesare equal, the drivingowersare also equal. Screen grid dissipation of one tube
Emergency overload of a cavityain coupler is excluded in from electron current 1 kw
this scheme if thewaveguide voltage doesot goover the Cooling water flow- 300 I/min
value set at the transmission of the maximalg®wer. To Forced air flow- 20 m¥min
this end the equivalent length of the transmission line |Efficiency— 56 %

betweenthe anode of the tetrode amplifeend thereference
plane of the cavities is adjusted ta{2)A/4 with a three-post
tuner. In thiscasethe driving current; is limited by the

maximum voltage inthe anode resonator of thetrode

amplifier which is, in itsturn, limited by the d.c. anode
voltage.

Regular waveguidéas cross-section of 11% 37 cnt.
Matching of the dividingwaveguide is performed with two
stubs. One of them is a capacitateb (a plunger), the other CONCLUSION
is an inductive stub (a rod).

The power amplifierhas acoaxial output. The extension
of the central conductor of the coaxial line stands duty of the
antenna of the coax-to-waveguide transition.

Full RF power is obtained by power combining of two
4-tube amplifiers in a waveguide combiner.

Presently the RBystem of VEPRM collider operates at

the power level of 300 kWising a 2-tub@oweramplifier. It
RF POWER AMPLIFIER affords operation of VEPBM up to 5 GeV. Two 4-tube
amplifiers have been buiitnd arebeing adjusted. Tests and

The RF power amplifier is built from universal .o mmissioning of the full scale R§ystem will be donghis
multipurpose units. Figure 4 presents a schenvigio of a

4-tube output stage. It is similar t®&aube module described
in [2]. GU-101A CW tetrodes [3] araesed inthe amplifier.
Parameters of thiesbeare listed in Table 3, parameters of the
4-tube power stagein Table 4.
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Anode dissipation 250 kw

Screen grid dissipation 3 kw

Frequency (max:} 200 MHz

Maximum envelope temperature 200°C

Diameter (max.y 295 mm

Height (max.}- 600 mm

Weight (max.y 50 kg

1683



