ESS Klystron Modulator Workshop

CERN experience

David Nisbet
CERN
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m Past and present

m CERN accelerator complex
m LINACs @ CERN

m Present . LINAC4
m Future : CLIC

m Strategy

m Conclusion

CERN
Z
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@‘ The CERN-accelerators =-past

m LINAC1 and LINAC2

m Cockcroft-walton generators

m Used for CERN
proton physics until
1993

m (not recommended for
new projects)

=

1959: [520KV, 135mA]

1973: [750kV, 150mA]
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@‘ The CERN-accelerators =today

CMS

ﬁ ‘\
2008 27 k) |

ALICE LHCb

m LINAC2 (triode)(1976)(x2)
m LINACS3 (tetrode)(1994)(x2)
m CTF3 (klystron)(1981)(x11)

m Pulsed RF power has a modest
(but important) presence

)

m Also several teststands "\
= LINAC4 e A
| CTF3 H:‘ : /( ‘ . Leir

005 (78 m)

PS

1959 {628 m)
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@‘ The CERN accelerators today

m LINACZ2, CTF3

/\M Y Y Y L ... —_— Y Y Y\
— _/
PFN
DC C) / Thyr
[40kV, 2MW, 120us, 1HZz]
= %
L] 1 § coLc 07uH
S
“ | L1 T’m
| § 5 ohms
+ TAILGLI'PER% l
1 10 ochms FRONT END
High Voltz_age D'Quing comparator T SNUBBER
Power Unit trigger system Reference |
Voltage Input o / Pulse Tx
[300kV, 90MW, 4.5us, 100HZ]
CERN Modulator Experience, Lund, April 2012
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@)L INACA

m Due to the age of LINAC2
m Replace with an H- ‘LINAC4’

m Higher energy and beam
Intensity

0 Currently under construction

[ LINACA
{h Lelr

3 MeV 50 MeV 102 MeV 160 MeV
H-source RFQ chopper DTL CCDTL PIMS
36:2.2 MHz
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O L INACA

m Status Jan 2012
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O 1 INACA

m 14 klystron modulators
m 19 klystrons (13 ‘LEP’ klystrons, 6 new klystrons)
m 25 accelerating cavities

3 MeV 50 MeV 100 MeV 160 MeV
~ RFQ | DL | CCDTL | PIMS |
RS ) el e e e JEE o
038805 0p8pbs o6 8
LEF Kivstron | 2.8 {aw-Kiystion LEJK’@'SIIG’ Z.E-L‘IF-KFEH‘\F |
| | - -
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O 1 INACA

m CERN Modulator Strategy

m LINAC will be part of critical accelerator infrastructure
m Need internal competence in HV pulsed technology

m CERN chose to make the modulator design with support
of industry for the series manufacture
« 800us prototype for RFQ teststand operational in 2008

« 800us prototype for cavity teststand operational in 2010
(collaboration with RRCAT)

« 1.8ms prototype for LINAC4 operational in 2011

« Production contract awarded in February 2012

C,}HN CERN Modulator Experience, Lund, April 2012
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@)L INACA

m Capacitor discharge with bouncer droop compensation

m Switch: [4kV, 1.8kA] from ABB.
m Pulse transformer: [110kV, 50A, 1.8ms, 2Hz] from Stangenes Industries inc.

AIR INSULATED CABINET :
HV SOLID STATE SW‘T.CN ~ PT OIL TANK KLYSTRON OIL TANK

KLYSTRON

CAPACITOR CHARGER
£
\\/’

CAP. BANK
i

R | vy

:

|

|

|

|

|

_DEMAG. -
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O 1 INACA

m Capacitor discharge with bouncer droop compensation
Advantages

m The power circuit is simple and reliable.

m No voltage ripple on the flat-top

m All electronic active devices are at medium voltage level
Disadvantages

m Large pulse transformer and LC resonant bouncer for long pulses
m Limited number of suppliers for pulse transformer

m Not a ‘modular’ topology |

@ CERN Modulator Experience, Lund, April 2012 11
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m Modulator prototype
m [110kV, 50A, 1.8ms, 2HZ]

Tek Run | it ] Trig'd

"= 110KV

T

ch2 | Tk (10V=50A)

& 1oomv | M 200ps] A Ch2 S 780mV]
Ch3[ 200mv_ & 13 May 2011
1[0.000 % 10:33:40
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@‘ SPL Testhench

=
m CERN R&D in superconducting 704MHz cavities

m Synergy with ESS requirements

m ESS is contributing the modulator to the teststand
* Industrial supply according to ESS/CERN specification

m Contract awarded in Jan 2012 for supply of modulator
« Capacitor discharge with bouncer droop compensation topology
e [115kV, 25A, 2.8ms ,20Hz]
« Specified to operate at [1.1ms ,50Hz] (constant average power)
» Detailed design study ongoing

« Delivery and commissioning expected in 2013
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@ CERN Future projects - CLIC

m CLIC : Drive Beam modulators

797 klystrons 797 klystrons

ismw,39ps | | | ~1600 RF modulators | | | 15MW139ps
drivzggzgva::gzlszator requ”-ed for DB CompleX | drive beam accelerator

2.5 km 2.5 km g
delay loop » < delay loop
@ @ decelerator, 24 sectors of 876 m

TA r=120m € main linac, 12 GHz 100 MV/m, 21.02 km e* main Imac TA radms%
™\ 7

- >

48.3 km
CR combiner ring
TA  turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system
IP  interaction point
B dump

i e~ injector, et injector,
e PDR/DR kicker .86 GeV e 2.86 GeV
PDR \|
398 m )"

I booster linac, 6.14 GeV
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@‘ CERN Future projects - CLIC

m Drive Beam RF requirements

Peak power/klystron 15 MW
Train length after injection | 140 us
Repetition rate 50 Hz

Klystrons efficiency

65% (70% target)

Phase precision

0.05° @ 1 GHz (first 10% of the DB linac)
0.2° @ 1 GHz (next 90% of the DB linac)

Nb of klystrons (DB linac)

2X 797 = 1594

m Leads to demanding modulator requirements

m pulse reproducibility (<10ppm) and its measurement

m efficiency and low pulse rise time (>300MW total power in best case)
m reliability (modular topologies with redundancy and low MTTR)

m R&D program to demonstrate technical solutions

CERN
\
<L

CERN Modulator Experience, Lund, April 2012
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@‘ CERN Future projects - CLIC

)

m Features of CLIC R&D program
m [nitiating collaboration with several institutions
m Intend to build 2 full scale prototypes for 2017
m The prototypes will use different modulator topologies

Modulator’s output pulse specification

Nominal pulse voltage Vien 150 EV
H Important to have the Nominal pulse current I 160 A
. . Pulse peak power Prod our 24 MW
right to use intellectual Rise & fall imes brise tyan 3 s
Settling time feer 5 s
property for subsequent Flat-top length e 140 ps
. Repetition rate REPR 30 Hz
production for CERN use _voluge overshoot Vour | %
Precisions
Flat-Top Stability FTS 0.85 %
Reproducibility (6kHz-4MHz) FPR 10 ppm
Efficiencies
Charger electrical efficiency Neh 96 %
PFS electrical efficiency TMpfs 98 %
Pulse efficiency Npulse 93 %
Modulator global efficiency Mmod global 90 %

@ CERN Modulator Experience, Lund, April 2012
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@ Comparison-of Modulators

m ESS requirements v CERN long-pulse requirements

-
l’I P

5 MW 2.9 MW 5.5 MW 23 MW
270 kW 180 kW 20 kW 200 kW
100 kV 115 kV 110 kV >150 kV
3.5ms 2.8 ms 1.8 ms 0.15 ms
(1.1ms)
14 Hz 20 Hz 2 Hz 50 Hz
(50 Hz)
1% 3% 1% <1%
~110 1 14 ~1600

CERN Modulator Experience, Lund, April 2012

17



@‘ In-house vicommercial development

m In-house development allows CERN to confidently maintain and operate
equipment for the long term
m Enables personnel to be highly knowledgeable of technology in operation
m Requires investment in people and test facilities

m  When opting for industry solutions then important to be cautious of
intellectual property and ‘black box’ approach
m Can be problematic for long term operation of specialized equipment
m However allows optimization of design for cost and production facilities

m LHC R&D and production model
m Impose general topology
m Purchase prototypes developed according to guidelines
m Competitive tender on validated prototypes
m All design data made available to CERN for long term support
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Conclusion

)
m The ESS modulator requirements represents a similar financial
Investment as the power systems for the entire LHC!
m The LHC powering was a 10year project from conception to installation

m Due to good concept and design, excellent availability of power systems

m Experience both from CERN and other installations identify the
modulator as an important contributor to machine reliability/availability

m  Appropriate topology choice and design effort is a good investment

m CERN is reviving competence in the design and specification of high

voltage long-pulse modulators
m  LINAC4 facility will start beam commissioning in 2013
m CLIC R&D will push specification and measurement boundaries
m  We look forward to following and supporting the ESS adventure, which has synergies
with potential future projects (for example an SPL)

C,}HN CERN Modulator Experience, Lund, April 2012 19



