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Overview

QELETTRA is the Italian third generation light source iIn
operation smce October 1993 in Trieste.

aThe machlne tes roughlyr6500 hours/year pro,wdlng
more than 500£i£ﬂeu R

oTypical operating energies for users are 2 and 2.4 GeV

s'of Ifgh“t 10 the. USers. e

=

aUsers’ operation:
a2 GeV, 330 ‘m
multibunch

n2.4 GeV, 150 mA,
multibunch

02 GeV, 40 mA,
four bunches
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Overview

aFrom the first run of 2008, injection is performed by a new full energy
iInjector.

0O0ld linac is being upgraded and it will be used for FERMI, a single-pass
FEL user facility.

T s,
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Overview

OORIGINAL RF SYSTEM:

aFour 500 MHz 60 kW plants, using a UHF TV klystron as the main amplifying
stage. -

aEach plant feeds an ELETTRA type cavity.

QLIMITS OF THE ORIGINAL RF SYSTEM: 14 \M ‘
oThe demand of RF power has substantially . ]"“I i
increased during the years (121 kW for 330 "‘
mA at 2 GeV when the superconducting FJ“ \\\\
wiggler will be fully operational).

aDuring the years this has Dbeen
compensated by decreasing the gap voltage.

\\

—
aThe higher RF power requirements also N "__
have reduced the safety margins on RF

system operation. Ay

i
-
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Design

OTARGET OF THE RF UPGRADE PROJECT:

0 Provide the RF system with the necessary operating margins, when all IDs
are operational.

alncrease available RF power in view of possible increase of beam current and
energy.

ODESIGN STRATEGY:
nConsistency with other upgrades of the facility.
aMinimum interference with machine operation.
aGradual approach.
aNo increase of the space for RF components in the machine.
alncrease in three steps the available RF power from 4x60 to 4x150 kW.
OPhase A: 1x150 kW + 3 x60 kW
OPhase B: 2x150 kW + 2x60 kW
aPhase C: 4x150 kW
oTake benefit of working in the UHF band.
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Design
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Design

ATECHNICAL CHOICES FOR PHASE A:

aTarget power : 150 kW cw at 500 MHz.

aReplace plant in section 9.

aRestore and widen the safety margin of the storage ring RF system.
aBuild the amplifier combining two 80 kW 10Ts.

aUse 60 kW power plant for the new booster RF system.

aLook for turn-key solutions to minimise internal work.

alnstallation activities must be concentrated in the machine
shutdowns.

OTry to adapt the layout to the existing boundary conditions:
aFit the amplifier between storage ring building columns.
aoWaveguide run suspended in order to save space.

aUpgrades of cooling and electrical plants to be done considering the
requirements of four 150 kW plants.
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Design

- PHASE A
POWER PLANT
Driving __-
sipnal | I
" Power '.,el
amplifies
\"."L Ir"rll
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Design

2005 2006

2007

Launch of amplifier tender.

Amplifier order

Power plant orders

Preparatory activities

Amplifier FAT
Installation
SAT

Tests on dummy loads

Connection to the cavity

Machine operation

Old plant to booster

Final cavity conditioning

L
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Components

aThe cavity in section 9 was replaced.

alnternal shape similar to the original
ones.

oUpgraded cooling efficiency to operate at
higher power (120 kW through the coupler,

aln parallel with power plant activities:
almprovements to coupler diagnostics.

aDesign of an optimized door-knob
waveguide to coaxial transition.
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Components

aThe 150 kW power amplifier is made
combining two 80 kW transmitters.

aThe final stage of each transmitter
iIs a 80 kW 10T.

OEach transmitter is completely
independent to allow standalone
operation.

aThe output of the two transmitters is
combined by means of a switchless
combiner.

alt has been acquired as a turn-key
system from industry (ELECTROSYS,
Orvieto, ltaly).
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Components
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Components

oRF CHAIN
OThe tube installed is Thales TH 793.
ORF drive is a 400 W solid state LDMOS amplifier.

e qe o=
Power 80 kW 1 |
High Voltage Supply 37kV,38A| | ' "
Heater supply 12V 40 A
lon Pump Supply 4kV, 3 mA
Grid Supply -150V, + 130 mA
Focus Supply 12V,30A

Electrical Consumption (onetube)

Solid state 1.5 kW

| |OT amplifier 123 KW

: Cooling unit 2.5 kW

’ o | Blowers 35
Ei’ Ancillaries 3 kW
TOTAL 133.5 kW

Power factor >0.9
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mponents

oHV POWER SUPPLY:
037 kV, 3.8 A (for each transmitter)
0 Switched mode power supply.
oCompactness.
aLow residual ripple.

aoBeam voltage is stabilised independently
of:

oOutput power variations.
aMains input variations.

aSwitching frequency: 17 kHz

the range 16 to 21 kHz.

aNo crowbar tube.
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aNo oil capacitors or transformers are used.
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Components

-
ASWITCHLESS COMBINER

aFour ports device made up from two hybrids and a variable phase shifter.
aoDepending on the phase shifter position one has four modes of operation.

DAdvantages:

= L =% _ 03 dB power loss when

S Phage shifter — one transmitter is out of
“hybrid | C e obrid T O service

: = oMaintenance of one

transmitter can be made

while the other is in
service

DAlready on the market
oDisadvantages:

aDimensions
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Components

oOther components:
0200 kW circulator from AFT (Germany)
0200 kW Loads from S.P.A. Ferrite (Russia)
aoWaveguide components from MEGA (USA) 1
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Components

oCombiner, circulator and waveguide run are suspended
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Output power

150 kW

Total output (kW)
==TXA (KW)

Frequency

499.654 MHz

Bandwidth (= 0.5 dB)

> + 2MHz

Total gain

69.3 dB

Gain IOT A

24 dB

Gain IOT B

24.1 dB

I.L. Combining system

<0.1 dB

Total phase variation
(0 to 150 kw)

11 degrees

Harmonics

< 41 dB

Signal to noise

<71 dB
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Results

Phase (deg) vs Output Power (kW)

Phase (degrees)

IOT A vs INPUT POWER (W) IOT B vs INPUT POWER (W)

gain (dB)

gain (dB)
Power (kW)

20 48 79 111 139 168 203 228 266 294 333 20 46 76 107 137 163 192 216 255 285 320

&% CWRF 2008, Geneva, 25-28 March, 2008
ELETTRA RF SYSTEM UPGRADE - A. Fabris

Power (kW)

19



Results

aLONG TERM DUMMY LOADS TEST

aoBefore connecting the new system to the cavity,
the amplifier was let in operation connected
to the circulator and two dummy loads 24
hours/day at different power levels from 100 to
150 kW in parallel with machine operation
(almost 2000 hours).

aThe purpose of this text was to debug the new
plant before starting operation on the storage
ring.

aMAIN IMPROVEMENTS FOLLOWING THE TEST (performed by the tube and/or
the amplifier manufacturers):

almprovement to input cavity to improve behaviour at high beam current.
almprovement to arc detectors to have more light intensity on the photo resistor.

almprovement to coax line just after the tube, to avoid effects due to heat load.
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Results

oOperation on the machine started in January 2007.

DA standard WG to coaxial transition has been used for the first year of operation.

aSince the cavity was not yet been conditioned at full power, input power was
limited to 60 kW.
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Results

OFIRST YEAR EXPERIENCE
OoThe change of the power source was very smooth.

aOperation of the new system has been very reliable (no faults) till middle
September 2007 (i.e. roughly 5000 hours of machine operation).

aln September TXA had few trips (four trips totally).

aTrips were related to a dl,/Zdt increase.

0At the second trip in one day, since it was not possible to investigate
the problem with the machine on and the shutdown was near, we took
benefit of the flexibility of the system:

aTXA switched to the combiner load.
aCavity powered by TXB only.

aFlexibility of the layout has greatly helped in minimising downtime.
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Results
||

OTRIPS INVESTIGATION
OThe tests showed that the trips were related to tube A.

aDuring the autumn shutdown a high voltage reconditioning on tube A was
performed which solved the problem.

aOHowever during the maintenance of the system, tube B needed to be replaced.

oReplacement of the tube was very fast and operation at 150 kW was re-
established.

aNow working on understanding of the fault and measures to avoid it.
alnterlocks have been added to limit output power and exclude automatic re-start.
QTUBE STATISTICS:

OTXA: same tube till the beginning (now 9700 hours)

aTXB: tube now has 3100 hours (in two periods: 2500+600 hours)

aUp to now no faults in 2008.
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Results

P —
aCompletion of cavity conditioning at full power.

ORequires the machine tunnel closed and searched.

DAllowed to do it only in December 07.

alnstalled the new waveguide to coaxial transition.
DAmplitude modulation

OoReached 65 kW cw (wasted
power).

OPressure at 65 kW after 2 days of
conditioning = 1 e-9 mbar.

aFrequency modulation:

0150 kHz depth, 150 Hz mod
frequency.

060 kW reached in one day.

aFinal pressure=3 e-9 mbar.
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Conclusions

I ——
oCompletion of the conditioning concludes the first phase of the Elettra

storage ring RF upgrade.
0At this point:

0A 25 %06 increase of the total available RF power for cavity and beam
Is available.

O0The gap voltage in one cavity can be increased by a factor 1.4.

0A 20%0 increase of the total RF voltage is possible.

aSafety margin to the Elettra RF system has been restored.

aln addition removed power plant is in operation in the booster.
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Conclusions

AOTASKS FOR 2008:

aolnvestigate and define new operative conditions for the machine to exploit
the increase in available power (also in relation with the new injector):

aDifferent cavity temperatures.

oMaximization of total RF voltage.
aTest with beam of the WG to coaxial transition.

alncrease of power.

aTest of all diagnostic and interlock devices added to the coupler.
almplement HOM board.

alnvestigate reliability aspects in collaboration with the manufacturers.

aSince now RF in not the limiting factor to higher currents,
examine upgrade of the remaining plants in relation with:

OThe other upgrades of the facility.

aOThe possibility of providing a spare plant for the booster.
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Conclusions
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