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Abstract LEDA. Only two of thethree RFsystemsconnected to
the RFQ are required for operation of the RFQ. The RFQ
The Low Energy DemonstratiorAccelerator serves as the poweombiner. Should any component of
(LEDA) being constructed atLos Alamos National any one of the RFQ RF systems failwaveguideswitch
Laboratory will serve as the prototype for the lemergy s used toisolate thefailed system from the RFQ. The
section of Acceleration Production dfritium (APT)  waveguide switch also reflects ashort circuit at the
acceleratorThe APT accelerator requiresver 244 RF appropriate phase tthe RFQ irisesassociatedvith the
systemseachwith a continuousvave output power of 1  fajled system allowing the RFQ to continue tperate
MW. The reliability and availability of these RF systemgyith the two remaining systems.
is critical to the successful operation of APT plant and This approachresults in someadditional requirements
prototypes of these systenare being developed and on the RF system. With the RFQ serving aspbeer
demonstrated ohEDA. The first completed LEDA RF combiner, it is necessary tmlancethe outputpower and
systems are three, 1.2 MW, 350 MHz, continua@se, phase of the two or three R§ystemsconnected to the
klystrons driving aradio frequency quadrapoléRFQ). RFQ or unwanted reflectedpower will result.  To
This paper present the design and test results for these &Eomplish this, local phase control loops are
systems including the klystronsathodepower supply, implementedaround eachklystron and the group of
circulators, RF vacuum windowsnd RF components. kiystrons is treated as if it were a single B&urce by the
The three RF systems driving the RFQ use thgow level control system, which modulates #meplitude
accelerating structure as a power combarefthis places andphase of the klystrodrive to control the RFQfield
someunique requirements othe RF systems. These amplitudeandphase. Also, an RRrc in awindow or
requirementsand corresponding operationaimplications  circulatorrequiresthat all RFQ RF systems tiisabled,

will be discussed. not just the system associated with the arc, to prevent the
other RFQ systems from continuing wrive the arc
1 LEDA RF SYSTEM DESIGN through the RFQ. This logic also holds true for a

The LEDA RF systenprovides RF power to an RFQcrowbar orinterlock trip in any one of the RBystems.
which accelerates aroton beam to a finanergy of 6.7 The other RFQ RF systems must disabled to prevent
MeV. To accomplish thisicceleratiorthe RFQ requires the disabledsystem from beingiriven through thecavity
structure and beam power of 1900 kW. The power to th¥ the remaining RF systems.

RFQ is provided bythree1.2 MW klystron amplifiers ~ The low-level RF control (LLRF) systenperforms
with the structure serving as the power combiner. various functions. Foremost feedbackcontrol of the

The LEDA RF systems utilizemodulating-anode accelerating fieldsvithin the cavity inorder to maintain
klystrons with individual power supplies to maximize field stability within+1% amplitudeand T phase. Other
operating flexibility and efficiency. Eadklystron has an functions of the LLRF control systeareimplementation
individual power supply, and the modulating anode Of the local phase control loops of each klystemnl RFQ
voltage is derived from the cathode voltage using a resonancecondition monitoring. Theresonance of the
regulator tube. The high-efficiency klystroae protected RFQ iscontrolled by varying coolingvater temperature.
from reflectedpower by circulators. The power from aBecausethe RFQ will rapidly cool when RF isshut
klystron is divided into four equal parts using 3 kigbrids down, drive frequency agility in the mafeedbackcontrol
to reducethe power passedthrough the accelerating Subsystem isncorporated to quickly restotle cavity to
structure vacuum windows. For the RFQ waveguide ruri§sonance with RF heating.
the power from the threldystrons iscarried inthreefull
height WR2300 through avaveguideswitch to hybrid 2 RF COMPONENT DESCRIPTIONS
splitters.  Thehybrid splitters divide the power into
twelve waveguide feeds that transition to half-height 2-1 Klystrons

WR2300 and deliver the power to the RFQ through  the LEDA RFQ RF systems utilize 1.2 MW CW

coaxial vacuum windows. _ klystrons at 350 MHz. The klystron isased on the
Because the LEDA systems are, in part, mear#etve cERy klystron with one major design modification. The

as prototypes for the APT plant, thapproach 10 | gpa 350 MHz klystronsare designed talissipate the
achieving high availability is also being prototyped on
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full beam power (1.85 MW) in the klystron collector in lmvi Ipy!

the steady state. Thdesign requirement is driven by the 3@ac™ E :

size of the APT planandthe impact that turning off all _| ,_f‘ It

Klystrons would have on the local power grid. = i
The design requiremengsmd measured performance for ..., i A T | S

the 350 MHz klystrorare summarized imable 1. The 324¢ :;,w 414 P || KswonGaley

350 MHz Klystrons have demonstrated all design |L ? A S S

requirements in the acceptance tests and have : Transformer/Rectifier Tank | = ||| Filter

approximately 300 hours of operation in test stands at Los ~ * {1 [Cabinet

Alamos. A picture of the Klystron is shown below in------: | e ; i é =

Figure 1. i gj_:% 1 ; ; Buiding + | i

Table 1: Klystron Requirements ! SCR Controller Cabinet ' Sl b

Voltazg(zll\J/llzr;(?em Spggllil\?d Megjukr\?d Figure 2: SCR bridges are in the center of the primaries.
Current (Max) - 2L A 19.6 A The IGBT powersupplies utilize 96eparate rectifying
g#gg;:yoma)(mn) ts (%l W 165 (%W modulesstacked in;eri_es.Each module isfed from an
Gain (Min) 20 dB 2148 |solate(_jsecond_ary\_N|nd|ng on one of four transformers.
Operatirg VSWR (Max) 171 151 The primary v_vl_ndmgs oéach tran_sformer are phased for
1 dB Bandwidih = MHz >7 MHz 24 pulse rectification at the series outpiach module

uses an IGBT for current control, eliminating theed for
a crowbar. Failed modules are bypassedtly control
system to provide graceful degradation of operafldrese
power supplies must have an efficiency>8f7%, apower
factor of =0.98 and meet I|IEEE Std 519-1992
requirements. Three of these poweppliesare onorder
from Continental Electronic&nd the prototype power
supply haspassedall acceptanceests. A picture one of
the power columns containing half (48) of the 96
rectifying modules is included below in Fig. 3.

Figure 1: Picture of EEV 350 MHz Klystron. 2.3 RF Vacuum Windows

2.2 Power Supplies The window design we havselected is a coaxial
geometry. The 350 MHz window is illustrated in Figure
LEDA is prototyping two power supply topologies thaly The ajr side is a half-height WR2300 waveguide. A T-
are underconsideration forthe APT plant: a Silicon par jsused totransition to a coaxial line. A high-purity
Controlled Rectifier (SCRyenterpoint controlled power  51umina coaxial window separates the aidvacuumside
supply and asolid state modulator powesupply using of the window assembly. AnotheT-bar is used to
Insulated Gate Bipolar TransistorgIGBTSs). Both ransition back to half-height WR2300 which is then
topologiesprovide aklystron beam voltage of up to 95¢onnected to ridgdoaded waveguide to drivethe iris
kV and a maximum bearurrent of 21 Aandprotect the coupledRFQ. EachRFQ window has been testashder
klystron from excessive energy deposition in the event @§-yum in aback-to-backconfiguration t01.0 MW of
a tube arc. _ N _ . CW RF power for a minimum of four hours. In the RFQ
The SCR power supplies utilize two SRdgeswith  the windows are utilized at a maximum nominal power of
filter inductors at the center tapped transformer primariegg kw. Prior to the 1.0 MWAcceptancetest, the
to produce 12 pulse rectification as shown in Fig 2. In thR@ndows must beconditioned tothis power level. The
event of a klystron arc, therowbar circuit protects the conditioning time foreach ofthe RFQ windows and

power supplies must have an efficiency>66%, apower 185 hours.

factor of20.93 at full powerandthe harmonic distortion . )
at the input must meet IEEE Std 519-198guirements. 2.4 Cavity Field Control
Three of these power suppliebave beendelivered by

. The cavityfield control system controls tha-phase
Maxwell Labs and have met all performance requirementg Y ¥ P

hd quadratur@/Q) errors ofthe cavity field. It consists
of three VXlbus modules. The Clock Distribution
Module receives a phase-stable MHz reference and
produces coherent frequencieeeded for field signal
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downconversiorand I/Q sampling. The Field Control
Module (FCM) houses all of the digitahnd analog

electronics, which perform the high-precision 1/Q
detectionand control.  The Amplifier ControlModule %%?7
serves as an interface betweba control systenand the AIR SIDE
multiple klystrons driving the cavity. It takes the control
5|gn§\! from the FCM, splits itand then |nd|V|du§1IIy ALUMINA WINDOW —~t— [T
modifies each output leg to compensate for aherrations ‘lft §
of each particular klystron. Thaosed-loop bandwidth of - 75
the field control system is approximately 200 kHz. A
block diagram ofthe entire LLRF system is shown in @( 7@
Figure 6. ] ‘ 0
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2.5 Resonance Control Window Number
The resonance condition of tiFQ will be determined Figure 5: RFQ vacuum window conditioning time.
by monitoring a sample of it$orward, reflected, and &??Zn
transmitted signals. The signals will be run through a sond '

Fast

simple algorithm in a digital signal processor on board the |: Andlog
z

Reference

ResonanceControl VXIbus Module to calculate the "G
RFQ's resonant frequency. Should the resonance
frequency differ from the fundamental, an emsanal will

be sent to the RFQ'water-coolingsystemindicative of

the need to increase ordecreasethe cooling water
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temperatureThis modulealso implements théequency Resonarce
agile function, based odirect digital synthesismentioned L, cooling
earlier. Thisfrequencyagility will be utilized only when Byl

the cavity isfar from nominal resonance,not during
normal operation.

2.6 RF Protection 3 CONCLUSIONS
The RF systems for the LEDAcceleratothave been

ipstalled at Los Alamos and are ready to providepBwer
the RFQ inearly October. Thessystemshave been

Figure 6: LLRF control system.

A flexible RF Protection function has also beemilt
into the LLRF VXIbus Control system. The RF Prote

Module monitors the HPRF transmission system an signed agrototype equipment for the APT plant and

turns off thedrive to the klystrons should a fauticcur -
anywherewithin the system. The RF Protect functioﬁN'" be used to demonstrate not only the reliability of RF

protects against arcs in theveguideklystron, orRFQ; equipment, but also thedundancyconcepts for the APT

. plant that will allow for very high RF system
h_|gh reflected power at_the R.FQ Ports, Ioaqs on the availability. The individual RF systetmave demonstrated
circulator, and waveguide splitters; crowbars; and bad

that each system meets thelesign requirements. The
VSWR at the klystron output. integratedtesting with the RFQ inOctober is the next
step in the validation of the APT RF system design.
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