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RF POWER SOURCES FOR 1990 AND BEYOND*
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Summary

This paper will discuss the types of devices and
system architectures that show promise in providing rf
powersources for future space requirements It will
extrapolate these solutions to accelerators that are now
being planned for construction and commissioning in the
1990s and will suggest technological advantages of using
SDI-developed rf systems. Finally, the present state of the
various SDI sponsored high-powered rf development
programs will be reviewed

Overview

For the past 25 years mast accelerators have been
driven by rfsources previously developed for radar or
high powsar broadcast systems The workhorse of accel
eratorrf power sources has been the klystron for frequen
ces above 400 MHz with the gridded tube being used
below that frequency Magnetrons have been used for
single structure electron accelerators

The Sirategic Defense Imitative (SDI) requirement to
determimne ifitis reasibie to place a Neutral Particle Beam
(NPB) accelerator or a Free Electron Laser (FEL) in space
has placed an unarecedented demanc on rf sources for
compactness, ight weight, and effiaency as well as other
parameters Table s aset of typical NPB parameters
The FEL parameters are no less stringent

TAB'E I
NP8 RF POWER REQUIREMENTS

VY (425 ME2z tyoral)
Peak output power 20 to 100 MW

Pulse length milliseconds

Duty 1 toew

Weight ratio (amplihier) 03gW (15 kW:b;

Frequency

Volume ratio (amphihier) 1I5wuin
LEhaengy (amplifien > 50"
Reliability 0 9999

In the past, asogle secion of 1 avr clerator strue
ture was usually of the appropriate length to be driven by
awngherf power source, and the sources were sized as
large as possible to keep the number of partslow  The
Spallation Neutron Source (SNQ) project proposal’ sugq
gested the use of many, relaavely smail rf sources driving
individual cavities - Multiple drives into o single cavity
have been used on the FMIT system at Los Alamos,? and
the HILAC at Herkeley ' Because of very stingoent reliabi)
ity considerabions and the desirabihity to package the rf i
manageable wizes, the prospect of using mulhpfn SOUTLes
for cach accelerator section s attractive far the SDEapph

ation Theadeal peak power output per amphlier pack
.u’c- appears to be between 500 and 1000 kW They
scheme has the added advantage ot being able to add or
sibtract power modules as the accelerator requirements
change

Sohd State Amplifier Systems

One of the most promising technalogies for sulving
the problems assocated with SDU el systems 1s the solic
state amplihier Two recent systems r\.wv been developed
tarcadar apphcations “with power levels tat are apph
cable for the acceleratorsystem designer - One of thes
sy-.h-m\'w.v. tested into aresonant cavity with excellent
tesults

SWaork pectormt onge D gueny ot the 1y Dept af Toergy and
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The typical solid-state amplifier s made up of modulies,
or books, as some companies call them Figure 1shows a
typical 2 5 kW module with the new version, which uses
1986 technology Fach moduie contains 3 to 10 transis-
tors and delivers about 2 5-to 3 0-kW peak power The
modules are also celf contained in that they have their
own power conditioning, preamplifier, and output
combiner.

Fig. 1. The 2.5-kW solid-state arnplifier modules
showing reduction in size using new technology.

Many modules are combined to develop the fina! cut
put power. Sume manufacturers use a Wilkinson combir
ing scheme and others use a radial comhbining scheme
Figqure 2 shows a 32-way radial combiner with a c<w power
output at 200 MHz of 2 kW In prinupal, a solid state
amplifier could be built at any power level if the designer
were willing to use enough combiner stages

big 2 A2 way radialcombine



The heart of tho solid <tate amplifier s the high
power, mictowave transistor There are three qenerig
types of transistor that are used in high power microwave
amphfiers The mostcommonly used type 1s the sihcon
bipolar transistor  The siicon FET 15 also used, and the
newest device 1s the staticinduction transistor or SIT ¢
Table I1is a comparisor of the three transistor types A
425 MH7 frequency, a 1 ms pulse length and a 1970 duty 1s
assumed

TABLE I

COMPARISON QF TRANSISTOR PARAMETERS

Sihicon Silicon
_Parameter Bipolar FET SIT
Supply voltuge a0 v 40V 100 v
Effiiency 709 70" 67"
Power out 150 W 300 100 W
Power gain 10 dB 10 d8 6 di

tigure 3shows the power handling capabiities of
cach type of device as o tunction of calendar tme A
pulsed condition is used tor the hipalar transistor  The
FET and SIT are cw devices  As can be seen, the curves are
stll onarapid slope upward  if the improvement con
tinues as indicated by the progrecc toacte, 02100 3G w
for sohd state amplifiers appears achievable i the next 2
to 3years This meansihata 1 MW power system, opot
ating from 4 40 Vsource wouid wegh 660 Ibs and Lave a
volume of 38 cu ft, @ package of 3by 1by 4 5ft Thean
tiapated effiency, defined as source power to rf output
pusor s 607 Unfortunatery, the present cost of such a
systentis Y to B dallges per peak watt but should improve
substactidly Junng the next 3 to 5 years
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Anotherissue that maost be addresed m the use of
wohd state amplihers s potental tadimtion damage Tests
done on tynwal bipolar transistors at Sandia Laboratory B
idicate that large neatron doses cause degradation i
qam and ethaemny

Tube Amplitier Systems

Historcally, tabes have been the deviee chosn when
Meqawitts (|rl| power have heenrequired. Above 400
M7z, the work harse has heen the klystron operating at
several MW heak power with crossed field dovices enter
mg the pictute at powers up to 2 MW Frequenaes below
A00 712 have generally been the exdusive domann or the
qudaed tube Morte cecently, emesion gated devicos such
avthe klystrode™ and e Ly tron Crappear pronusang as

power sources for the 1990's a. UHF ind low L band
frequencies

Very httle will be said asout klystrans  They are
mature devices with well-understooa ouparatng param
eters They arereadily available at bean efficiences of 50
to 60"a Klystrons can be operated at any aulse length
from a few microvewands to cw Their rolsin space based
accelerator applications s doubtful hecause the klystron
size at UHF frequenaes s prohibitive

Gridded *ubes ooerate wel! at UHF frequencies and
show promuse as space based, low -duty factor accelerator
drivers because ot their compact size Thus size reduction
is espedially true when use of distributed amplifiers s
antiapated These tubesoperate at 50 to 60'y beam
effic.ency and have 20 dB gain Gridded tubes do have a
pulse length imitation  Typically, as the pulse length
increases, the peak power capability decreases, and
extrapolation to cw service appears unhkely For ex
ample, one tetrode has an advertised output pawer of
2MW atadutyot04 . and apulselength of 13 s The
output power falls to 275 kW when the duty israssed to
6'1 and the pulse length increased to 2 ms A typical
gridded rower tube s shown in Fig 4 The tube must be
housed it. an external, resonant cavity

big 4

UHE tetrode povser tube

Los Alamonhas recently developed a cavity amplifier at
A2% MH; that uses several planar triodes operating in par
allelhin the samo output cavity "' The tube artangement
sshownmbig % The output stage operates at o),
effioency and 13 dil gam The output power asimg mine
planar tniodes s THO kW at 60 ps pulse length Agam, the
systemos pulse length and duty cyde imited  Toe system
1 very tost tfective, however with the entire system,
mctuding power supphies and pre amphfions, costing less
than $2 00 perwatt

Magnet:ons have been usea as acceleratar diverns,
where the accelerator consisted of asimgle scction A
magnetron operating at 2 S MW has heen ased wpcese
tully by several compames as an ol powaet soutoe s
medical and radiographic acceletators Undortunately,
the capability to combine two or more magnetrons with
sutticent phase stalulity to duve the lugh O aceeleniton
structure has not been successtul Recontwaoik at Vatuan
Boeverly ' shows pronuse of o solution to thi problem by
mpechon lockmg two magnetrons Wagnetrons are oot
cttective canhe aperated at o lew megaaatts and de



Fig 5 Muluple planar triode cavity amplifier

notrequire a preamplifier chain They do, however, have
average powc- and pulse length hmitations For exam
ple, the magnctron zited above i1s imited to a duty cycle
of0.1%.

The gain structure of the conventional crossed-field
amplifierdoes not provide isolation between the input
and the output of the tube. Thisdeficency makes the
device very susceptible to variations in rf load Because an
accelerator cavity presents such a high VSWR during the
fili ime and reflects most of the stored energy back to the
source after the pulse, the crossed field amptifier could
not be stably run without using expensive circulators,
which are large and have an agverse effect on system
effinency Forthisreason, and because of the experience
at Chalk River and at LAMPF, accelerator designers have
avoided using the crossed field amphifier

During the past few manths Raytheon has beon test

INg a new crossed frield amphfier that s cathode driven

‘his technique solves the isolation problem vetween the
input and output arcuitin that the new device has great
or than 30 dB solation between these two ports SDI s
presently funding a project with Raytheon to test and
charactenze this device into a resonant load  The present
tube operatesat S band at 1 25 MW output power. 60%.
cthaencgy andwaeighs 70 1h 1thas 24 dB gain Thisisan
exuting passihility for space applications because of the
low weight and volume factors

Arelativeiy new device, the emission gated amphhier
tube, hasbeen developed during the past few yrars Two
tube types have resulted  tho lasertron ' and thae kay
strode 7 In both of these devices, the beam s bunched at
therequired 1t frequency asitis emitted from the
cathode The beam s then passed through o klystron
type autput cavity where the power s extracted in the
conventional wav  The big advantage to this tupe of
deviee i the elimmation of the mterachion space required
in the conventional klystran, which enables the tube to be
much shorter for a qiven frequency tan a conventional
klystton

Emad has developed the Klystrode, which has a toiode
mputsection amd a conventional klystron output section
A aoss secion of the tube sshownm big o The gnd
coupled to atesonant cavity that indrven at the appro
priate trequency  This scheme cauves o bundchea heam to
be ematted from the cathode

Brmac has proposed on a pulsed Klystrode at 425 M,
with an output power of S00 kW The pulse lengthos
150 ps at 10 duty, and the tube will have o gam of about
20dB This tube will have at least 70% beam efhaency at
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Fig 6. Klystrode cross-section schematic

85 kV and will weigh slightly over 100 Ibs, with the
magnet.

The lasertron i1s being worked on at several places in-
cluding Variai., SLAC, Orsay, and | os Alamos. The basic
idea 1s the same as the Klystruue except that the cathode
1s pulsed by a laser beam The lase;tron requires a photo
emissive cathode as well as the added complexity of a
laser with enough power to aciivitate the cathode, but
does have the potential for operating at higher frequen
cies and faster pulse nse times than the Klystrode because
of the ehhmination of the capacities associated with the
gnd

During the past 18 months, the SDI requirements to
p.ace a NPB accelerator 1n space has put tremendous
emphasis on small, ightweight, highly efficient, high
power rf sources The development of solid state r?
systems makes distributed amplifiers or individual cavity

rivers practical. Such systems also hold promise of
excellent rehability, ehmination of high voltage and its
associated floor space requirements, and inexpensive
repa'r bills.

The SDi reguirements have also caused a renewal of
interest :» <rnall, compact tubes. The Klystrode shows
promise, as does the cathode driven crossed field amplh
fier and phase locked magnetrons These requirements
have also caused a new look to be taken at an old friend,
the direct coupled cavity’amplhifier, using multiple triodes
or asingle, tetrodc tube

The bottom ine for the linecar accelerator designer iy
cost, bath imitial and ope rational, efficency, and s.ze The
potential for using rf sources that are smaller and that
require less power conditioning equipment means ess
floar space and a substantiab imtial cost savings  The po
tential operating cost savings will be sigmificant when
better rehiabihity 1s considered  Animprovement in over
all efficency of 15 to 20"y translates to a power bill
savings of the same amount

The on guing developments tor rf power sources for
SDI apphaations should be carefully watched duting the
noxt 31o b years to determine the rr.-.wbllny forspace
based applications  There will undoubtedly be several
devlopments that could have major impact on present
accelerator upgrades and new accelerator designs
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