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Abstract optimized af3=0.45, in the medium energy section, from
40MeV to 260MeV at 3=0.54, and in the high energy

In KOMAC(KOrea Muti purpose Accelerator Complex) section, from 260MeV to 1000MeV Bt0.72.

project the total CW output power of RF system is abolmector 35, 700z 700MHz SC-Linac

30MW. Therefore high power RF source are necessa N

for cost saving and reliability improvement. The numbe D-‘ e H CCDTL(IH CCDTL(H)H i ‘ ‘ S H (1) ‘

of klystrons for 350MHz, 0.5 MW and 700MHz, IMW is ‘ s, | R | | p=045 | P=0.34 ‘ p=07

1 and 31 respectively. Also auxiliary components(powe sy Wev AMeV L00MeV WOMEY  260Mev 108V

supply, waveguide component, cooling system) for Rr Fig. 1 Accelerator schematic diagramK®MAC
source are needed. In this paper the main specifications

of Klystron system and consideration for system o rg requirements for KOMAC
integration is presented. The R&D activity for
development of klystron system fd¢OMAC is also
included in the paper.

The RF system requirements fd¢OMAC are
presented in Tablel. The operating frequency selection
and power capacity by a different accelerating section is

1. INTRODUCTION presented in subsequent sections. The table serves to
The KOMAC(KOrea Miti-purpose Accelerator illustrate the scope of tH€OMAC RF sysem. 1 500kW
Complex) linac will be used for the development of theapacity klystron is required and 31 1MW capacity
transmutaiona technology of nuclear waste. The 20 MWlystrons are required for the desired level of beam
proton beam produces a plenty of neutrons and neutrqrswver.
transmute the long-lived radioactive isotope to the short—

lived radioactive isotope. Therefore the transmutation 2. RF system design
technology will solve the problem of nuclear waste
treatment. The design of accelerating structure by a different

energy range is one of a predominant factors for RF
system design. The design parameters of accelerator are
The KOMAC linac produces a continuous beanfresented in table 2. RFQ is operated in 350MHz
power of 20MW at 1000MeV. The KOMAC linac is frequency with about 500 kW input RF power. The 3-
comprised of a 350MHz RFQ to 3MeV followed in20MeV section of CCDTL is composed of 10 CCDTL
sequence by a 700MHz coupled-cavity drift tubgnodules and the 20-100MeV section of CCDTL is
linac(CCDTL) to 100MeV and Superconducting(SC).CompOSEd of 32 CCDTL modules. In CCDTL section
linac to 1000MeV. This schematic diagram of linadhe RF input power is 200kW(l) and 210kW(ll) in
structure is illustrated in Figure 1. a 50keV injectopperating frequency 700MHz. The SC-linac is composed
generates a continuous proton beam above 20n®A three kinds of beta section. The cavity of section (1)
nominal current. From this input, a 350MHz, 3m radiols 6 cell type, the cavity of section (ll) is 5 cell type and
frequency quadrupole produces a CW 20Ma at 3MeVhe cavity of section (lll) is 4 cell type.
The output beam from RFQ is matched into a 700MHz
coupled-cavity drift tube linac(CCDTL), which | accelerator | RFQ CCDTL SC Linac Total
accelerates it to 100MeV. The CCDTL is composed of 20Hen JOOMe LA Mo Z60Men 1t
. . . . requency 350 700 700 700 700 700
two sections that optimized in a different energy | oz
range(320MeV, 20100MeV). Acceleration to an | gy~ | O | 10| S04 | o8 | 24 oo
energy of 1000MeV  takes place in a

1.1 Design parameters of KOMAC accelerator

. . Number of 0.5MW | IMW | IMW |IMW | 1MW |1 MW |0.5MW
superconducting(SC)-linac. requiredRF | /1ea | /2¢a | /6ca |/lea |/3ea |/19¢a|/lea
. . system
The SC-linac is composed of cryomodules that| gower ot poat

contains 700MHz, 4 accelerating cavities. There are| & /mmbs
three kin(_js qf cryo_modules, each designed fpr efficient Table 1. RF system requirement<@®MAC
acceleration in a different energy range. Cavities in the

low energy section, from 100MeV to 140MeV, are




There is two ways for SC-linac accelerating option65% in the conventional klystron, but research for
This option is corresponding to RF input power ofncreasing the klystron efficiency by advanced multi-
accelerating cavity. RF input power is same as 50kW fatage depressed collector will be achieve8NuU. Also
all different beta sections in option (I). In option (II) theresearch for the cathode material will be achieved in
RF input power of3=0.45 section is 40kW, o8=0.54 order to increase the current density and the life time.

section is 50kW and ¢3=0.72 section is 60kW. This factor has an influence on the klystron performance
Accelerator RFQ CCDTL SC Linac and ||fe tlme(>10,000hour)
20MeV | 100MeV | 140 MeV 260MeV 1GeV
?fequincy 350 | 700 | 700 700 700 700 2.2 High voltage DC power supply
MHz
NoofCaity | 1L 16(61/0‘;?51) 42(2‘11‘:8“1) el The specifications of high voltage DC power supply for
No. of Cryostat | san | 1200 1200|740y | 6201y Klystron system is same below :
}ng/z Zﬁymoprm 40 | 200 | 20 50| 40 |50] 50 | 50 | 60 - DC power 1 2MW
\input coupler) - OUtpUt Voltage : 100kV (variable)
- Power per module : 200kW
Table 2. Accelerator design parameterKOMAC - voltage per module : 10kV
- 10 modules series connection
2. 1 RF Generator (Klystron) The baseline design for th&MAC sysem is one,

switching mode power supply with 10 modules per one
The magnitude of the RF system requirements igystron . 600V, 3 phase line is injected into rectifier
one of the predominant cost factors for the KOMAGircuit and modules in series connection produce 2MW
system. The RF system DC-to-RF conversion efficienqyC power. The topology of DC power supply for
has a primary influence on the operation cost. The Réystron is illustrated in Figure 2.
system must be designed to minimize the number of

component failures to insure high availability. An [~ —| Singlemodule SMPS1 (200kW) |— |
additional requirments for system construction is that tt 1006V
RF system be based on proven technology or low rif oy _ [T Singlemodule SMPS2 (200kW) | ,
extensions of existing technology. sphase || mme ||| | Gt

The RF generator in KOMAC stgsn is 700MHz, 1-MW  [Transformer ] sinstemodule SMPS3 Q00kW) j dystron
CW Klystron, which is required with all but one of

klystron. Based experiences at other CW Kklystro :

vendors, the operation parameters of 700MHz, 1M\ T (200kW)}i

klystron is presented in table 3. Figure 2. High voltage DC power supply

hasameler Yalue Comment 2.3 RF distribution system
RF output power 1.0 MW
f)ﬁj‘*‘l“‘l’;"y 7"“?503"[7‘{1 Ba“‘ll“’sigfl'{('ldB)’ The RF distribution of KOMAC is corresponding to
voltage . z . .
iy i, Tk gccelerator modL_JIe deS|gn_ and power capacity _of .RF
Giln‘saturation 41 4R input coupler .This system is important for transmission
Efficiency at satur >65% efficiency (>90%), proper power injection and klystron
ation ‘ protection.
Collector dissipation| 1.6 MW Collector cooling : The 500 kW RF power of RFQ is injected through
1600 Vmin one RF input coupler. This RF vacuum window can be
RF window cooling 100 m*hr (water flow) A P p . . .
Gair flow) supplied by commerical vendors. The specifications of
350MHz RF vacuum window is below (EEV MA3512)

Table 3. Main specifications of LMW CW Klystron

(Reference data : EEV model K3510/KM3510) - Frequency : 350MHz
- Return loss : better than —30dB at 350MHz
The redundancy of KOMAC RF generator is 16- - Flange : 1/2 height WR2300
20%. In the KOMAC sy®&m these 700MHz klystrons - Power : >700kwW CW
operated at RF power 800-840kW. ThH€OMAC - Construction : Aluminium (air side)
klystrons collectors are required to dissipate the full Copper plated stainless steel (vacuum side)

klystron beam power for a duration of no RF extraction. The CCDTL (I) need two klystrons, CCDTL (Il)
The RF conversion efficiency of klystron is one ofeeds six klystrons. The RF input power is 200,210 kW
a dominant cost factors. The conversion efficiency igespectively. The klysrons are protected from high



VSWR with circulators. The extracted RF power iklystron is connected to 14 cavities. These RF
divided by 3dB power splitter and split by directionaldistribution systems are illustrated in figure 4
coupler before being delivered waveguide transmissiagaspectively.

connected to accelerating cavity to minimize RF window  The directional coupler for power splitting is

stress. Figure 3 illustrates the RF distribution system @D0MHz, 500kW of maximum power capacity, isolation

CCDTL. factor 30dB component and the circulator is isolation
_ , 3'5155?1?&) factor 30dB component. The efficiency of transmission
g OISR pover s line is 86-90%. The input coupler of SC-linac is
2. Klystron 4. Cireu achievable by existing technology but 700MHz, 200kW
. e input coupler must be developed for the KOMAC
system.
Thip gl SA0F Feld Plio Slr: 200 Foun 3. RF phase and amplitude control system
CCDTL() T‘ CCDTLAII) ‘
5. RF window When a single cavity or a klystron fails, the beam phase
Fig. 3. RF distribution system of CCDTL beyond a failure point will be different than reference
phase and unless corrected, would result in poor
acceleration efficiency and poor longitudinal focusing.
1. High voltage Therefor the phase and amplitude control by feedback is

DC power supply important for controlling cavity tuning, phase control.
2. Kiystron (+800 KW) Fig. 5 illustrates the schematic diagram of phase and

amp. control system.
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The RF system design for tl@®©MAC accelerator

© g v is presented. The specification of all major components

DC power supply is concluded. The conceptual design of RF distribution
AEDRSEGE system is based on 1000MeV, 20 mA proton linac. In

future the klystron tube body and electron gun design

3. Circulator (T) 4.Load
‘ _ and construction facility will be achieved and control
@géémﬁ@ﬁ@@ @:méié%@ @ system design will be proceeded.
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beta section. In the option (I) or option (Il) beta=0.54

section one klystron is connected to 16 cavities. In the

option (Il) beta=0.45 section one klystron is connected to

20 cavities. In the option (Il) beta=0.72 section one



