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p a4 Abstract

The RF systemof the PohangLight Sourcell (PLS 1) storage
ring is installedand operatingat the 3.0 GeV/300 mA with three
superconductingRF (SRF) cavities PLS Il RF systemwas
upgradedo 3.0 GeV/400 mA(max) beamstoragefrom 2.5 GeV/
200mA of PLS. Eachhigh powerRF (HPRF)stationis composed
of a 300 kW klystron with power supply unit, transmission
componentancluding a 350 kW circulater and load, and water
cooling system Also threedigital type LLRFs, threecryomoedules
with SRF cavities, and a cryogenic system are operating with
HPRF systemfor the PLS I storagering. This paperdescribeshe
presenbperationstatusof 300 kW HPRF systemand experiences

of the former PLS 75 kW HPRF system



PAL D

i PAL site & Brief History of PLS & PLS -l

. Project started Apr. 1 1988

. Ground-breaking Apr. 1 1991

. 2-GeV Linac commissioning Jun. 30 1994

., Storage ring commissioning Dec. 24 1994
,Userd0s servi ceSed.t1d99% ec
. Energy ramping to 2.5 GeV  Sept. 1 2000

Seguls_

oone 2 © Joreg . 2.5GeV injection, Operation  Nov. 1 2002
L . 3.0 GeVPLS -ll Upgrade Project 2009 ~ 2011
+"Gyeongju «pohang _
S | & —sUisan . PLS operation ended (2.5GeV) Dec. 2010
iy Ly .
J *Busan . PLS-ll upgrade completed (3GeV) Dec. 2011
| operation to 250mA(3GeV) ~May 2014
Jeju—e
Japan 30 beamlines in operation

. PAL-XFEL Started construction May 2013~



Pohang AcceleratoriLaboratory; PLS
(3" Generation Light Source3GeV/400mAiin 2012)




PAL site w/ PAL XFEL &Pohang city
(w/ 4™ Generation Light Source IPAL-XFEL 10GeV/60Kz iin22014)




227 Kolean 4th generation Light Source: IPAL-XFEL

0.1-nm Hard X -ray 10-GeV XFEL E  Wavelength
: : A Soft x-ray: 10 nm ~ 1 nm
A Project Period: 2011 ~ 2015 A Hard X-ray: 1.0 ~ 0.1 nm

A Total Budget: 400 M-US$ A Extendable to 0.06 nm
E  Undulator Beamline

: 3 Hard X-ray / 2 Soft X-ray lines

A Accelerator Length: 1.1 km
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L Block diagram of PAL-XFEL. (10 GeV / 60Hz)
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PAL2  Qutlook of PLS-lliwithiLight Source: Facility,

The upgradeprogram(PLS1) hasbeen
officially launchedwith a project period
of three yearsfrom 2009 to 2011 The
main goalsof PLS I are the increaseof
straight sections for more insertion
devices, the energy increasefrom 2.5
GeV to 3.0 GeV, a storedbeamcurrent
from 200 mA to 400 mA, arelatively low
emittanceof 5.9 n mA raaddnore stable
beam conditions On 2011 of project
periods, the old PLS facility was shut-
downed and components were built,
and then the first stagecommissioning
of 100 mA with 3.0 GeV was finalized.
New beamlinesand experimentalstations
were also relocated with newly
establishedinsertion devices (undulators
andwigglers),while the existinginsertion
device beamlines were preserved The
PLSII is to open for user experiments
from 2012 after the internationalreview
for assessmerdf the PLS |l performance
andreadiness
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PALD PLS-IlIl Linearraccelerator

1.0
Dispersion function _ﬁ_\_,_
QT QT2 QT3 QT4 QT= QTa oT™ _\/ - oe
MESSE AMEIVE  MELIB MILIE o 0 E HOVE g @ VB OER o

lL\*“%\lj — : x,a n J
n . e . .
Kﬁength 29164m (Llnac)+§'5'Fﬁ (BTL) AThermionic Eleé®n Gun
1“’23.OGeV, full energy injegjc_ic_)g Beta f}'"""ﬁ(‘lG Pulse I\/Iodulators (200M
2,8 A1 Aus): 3712

A10Hz 1.5 ns, 1A pulsed beam A15 Energy Doublers (G=1. 5)
ANormal Emittance: 120umrad A46 Acceleratlng Sectlons




PALZ PLS-1ll Sterage Ring

U EmE e A Beam Energy  3.0GeV

18 - BN Bend W Quadrupole B Sextupole 7 0.50

; A Beam Current  400mA

£ Ll A Lattice DBA

é :: % A Superperiods 12

§ ::: g A Emittance 5.8 nmAr ad
loas 3 A Tune 15.245/9.18

40.10

5 A RF Frequency  499.97 MHz
0.00 A Energy spread  0.1%
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FALZ  Parameters of IRFSystemPPES & RIS

Specification PLS (1994~2010) PLS-1I (2012~14)
Energy/current 2.5GeV/200mA 3.0GeV/400mA
RF frequency 500.082MHz 499.654MHz

Circumference 280.56m 281.82m
Losses with IDs ~620keV 1,658keV
Beam Power 124kW 670kW
RF Cavity NC x 4(5) SC x 3EA
RF Source power /5kW x 4(5) 300kW x 3EA
Total RF power 300(375)kW 900kW (SC)




JALZ2 Parametersof PLS-Ill RFE System (progress detailer)

Parameters Commissioning PLS-II
(2011/9~2012/7) (2012/9~ )
Energy [GeV] 3.0 3.0
Current [mA] ~100, decay ~400 Topup
Emittance [nm-rad] - 5.9
Harmonic number 470 470
No. of Insertion Devices 14 20
Electron energy loss / turn
- Dipoles [keV] 1042 1042
- Insertion devices [keV] 140 200
Beam loss power by synchrotron radiation [KW] 145 500
RF frequency [MHZz] 499.973 499.973
Cavity type NC (PF type) SC (CESR-III)
No. of RF cavities 4 1A 2A 3
Accelerating Voltage [MV] 1.8 4.5
RF Voltage per cavity [MV] 0.4~0.5 1.5

Klystron amplifier

75 KW amps x 2

300 kW amps x 1

300 kW amp x 3

Cryogenic Cooling Capacity @4.5 K [W]

700




JA%7 Parameters GompafisoncofiHRRE-System

Specification PLS (1994~2010) PLS-II (2012~14)
Klystron Modified UHF Transmitter KSU (HVPS:55kV/12A)
Amplifier (HVPS:25kV/6AA 27kV/TA) (Klystron Supply Unit)

Klystron Tubes

e2vK3773BCD (75kW)
(YK1265 & K3762: 60kW)

ThalesTH2161B
(300kW /500MHz: 2012~)

Circulator (Load)

(80kW, 125kW Water Load)

. . 6-1/ 80 Coaxi al L WRE00WG
Transmission Line 75 KW max (dielectric, Spinner) (MEGA & Korean Company)
High power ATF6-1/ 80 Coaxilal ( RTKBMWEW

(350kW Ferrite Load)

RF Cavity

Singlecell PF type NC
70 kW max.(Toshiba)

250kW (RI Superonducting;
at Cryomodulew/Cryogenic)

Input Coupler

WR 1500 to Coaxial type
100 kW max.

Half WR1800
250kW max.




Master
Ciscillator

o—

S00MHz

300kW

@) —

FPAL2  Configuration of PLS-IIRE" System((201422- 5 )

350kW

Circulator
—
[
WRT800 ~_ . Wa1800

Components Characteristics / Spec.
# RF station 3
RF cavity superconducting , CESR-B type

RF Control (LLRF)

Digital type

Amplifier

Klystron , 300 kW

Waveguide

WR1800

Circulator

~350kW




Layout of PLS-IlIRF System((20142.~ )

PAL D
( HPRF, LLRF &CryomodulefRlI], CyrogenicdAir-Liquid])

SRF Phase 1-2
Two SRF cryomodules SRF Phase 1-1
MCTL Jan. ~Febh. 201 y AUG~Sep. 2012

. at #12 Long straight section
uncramel” (ggae® T/ enomotie

Transmission

Lines WR1800
One SRF cryomodule

at #11 Long straight section,
with sharing a short ID

SRF Phase 2
Aug.~Sep. 2014
. (Cryomodule #1)
Cold Box

2

Cryomodule test f;acility &
He refrigerator

HPRF system: 300kW Klystron (Thales' TH2161B) & KSIhomsomdy Ampegor),
WR1800 Transmission (Mega & Korean), 350kW Circulator, Load (AFT)



PALY Pictures of KSU & 300kW Klystron

KSU(Klystron power Supply Unit) 55kV/12A TH2161B Klystron& 1906 Rac
Maker: Thomson A Ampegon Maker: Thales

17



bis-of Block Diagram (THOMSON)

l |
CUSTOMER I Kiystron Assembly (TED) I CUSTOMER
: 7
. 3
|
.
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|
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Mains %
ov |
I
f
|
|
Control  *
T R "
—

! Klystron Supply Unit (TB&M)

Thomson Broadcast & Multimedia
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B Klystron range for use in
synchrotrons and slorage rings
B Three power lavels: 180, 250

and 300 kw CW

B Minimum gain: 40 dB min
B High effidency: 40 % min
B High reliability, long life

B Modulating anode

[E ACCELERATORS

Thales Klystron (180,250, 310kW)

TH 2161
TH 2161 A
TH 21618

High power CW kiystrons
Up fo 300 kW CW at 500 MHz

THALES

PARTICLE ACCELERATORS

™26

The TH 2161’ family is the latest generation

of CW Klystrons specially designed by

Thales Electron Devices as RF amplifiers for
synchrotrons and storage rings. Operating at 500
MHz, they may deliver up to 300 kW CW (TH

2161 B version).

These five-cavity klystrons are fitted with o
modulating anode to adapt operation to specific

RF performance

TH 2161
TH 2161 A
TH 21618

applications. They operate in vertical posifion.
lector and body are water-cooled, window

and gun are air cooled.

These products are designed, developed
and manufoctured at an 1SO 9001 registered

production site.

TH2161 TH2161A TH2161B

Frequency 500 500
RF output power (CW) 180 250
Peak RF drive power 18 25
Instantaneous bandwidth (-1 dB) 2 2
Gain 40 40
Perveance 0.75 0.75
Efficiency 60 63
Electrical characteristics
Heater voltage, ac or dc (1) 10 10
Heater current (1) 30 30
Peak beam voltage (1) 46 50
Peak cathode current (1) 75 85
Anode voltage 28 30
lon pump voltage 5 5
Electromagnet (built in)
2 power supplies:
* dc voitage 100 100
« direct current per coil (1) 12 12
"
Mechanical characteristics
Tube electromagnet and cart weight 1250
Tube height 3100
RF input N type 50
RF output WR 1800 waveguide
This document connat be considared fo be a nonrhomfo
product improvement or further dmlqmnl Comh Thales Elmon Devices

For further information, please contact:

THALES ELECTRON DEVICES
2 bis, rue Latécoere - 78941 Vélizy Cedex - France
Tel: + 33 1 30 70 35 00 - Fax: + 33 1 30 70 35 35
wwaw.thalesgroup.com/electrondevices

-

500 MHz
300 kw min.
W w max.
2 MHz  min,
40 dB min.
075 pAVv-32
63 % typ.
10 vV max.
30 A max.
54 kv max.
95 A max.
32 kv max.
5 kv
100 Vv max.
12 A
kg approx.
mm
Q

gigen hevsin moy be modified witiut rofico dos o
o g iy o e scer L

Al

PA8312001 04 - Potos - Thles ctrcn Devicss.



PALY Remote Operation for three KSUs

NEEEY EENNET T

-

ey Y )

AMPEGIS Naymarzx Normal #1

|

Dwvice  sat Curent | voltags RE-Power  Piwd Prey
Flamert: [I A  2668A | 855V | |oOriver 837 W 491W
Foast [105 4  1049A | 10701V | |Kiysron:  BOO3KW  O0BKW
Foas2 [108 A  1082A | 10164v | |Load 945kW  DOOKW  10.19kW -
Md: [243 kv 0s11mA| 24.75kv| [Klysiron Condtions Pery Poiss
Hos:  [440 kv 640A | 44.10kv| |Body 06akw [ REDower Dfved Drey o
lon Pump 1 0.00 pA 496 kY Collector: 19377 kW Driver: 7.06W 156 W
lon Pump 2 000 pA 4d3kv| |Output Cavity 1.37 kW ¥lvetror 92.3kW 0.17 kW
Perveance 164 pPerv Load QE0KW  0A0KW  11.76kW
Klystron Conditions Pary Ediss 20 Oper, Mode: 302 ’ t
OFF ALIX FiL STBY HV I BEAM ’ - Collector 195.08 kw RE-Power Dfvet Prev B
Output Cavity 1.11 kw Oriver 11.02W 378 W JLYA
EereecTor oL Klyetron 85.1kw 0.02 kw "
— _ Load: 1092 kW 047 kw 1004 kW
o l AOY l T l 5TBY HV BEAM ‘ - 0.30 kW
| 186.57 kW
Quiput Canty 054 kW
Pervearce 1 54 | Pery
>
OFF ALLIX FiL STBY ’ HV EEAM

# iy 2D atrobm reade 2 PLE-H 10C We 9w Y wiavhC ) LA & KSU014-eger.

52 )
B msunss

o3 Gruptécal.Us

J/BE 221
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PAL D Similar SR HPRF system for Light Sources
o http://www.lightsources.org/lighdourcefacility-information 2014. 5. 13.
L ——
SR/ Lab. Eenrgy RF Sources RF & P/S Transmission | Circulator Cavity
PLS-II 3GeV TH2161B 55kV/12A WR1800 350kw SC(RI)x 3
/ PAL 400mA 300kW(3EA) (Thomson) (AFT) (CESR Btype)
(PLS) (~2011) ~2.5GeV K3672 (60kW) UHF 6-1/ 80 75kwW NC x5
/ PAL 400mA K3773 (75kW) Transmitter coaxial (AFT) (KEK PF type)
SSRF 3.5GeV TH2161B 55kV/12A WR1800 350kw SC(RI)x 3
| SINAP 400mA 300kW(3EA) (Thomson) (AFT) (CESR Btype)
TPS (2015~) ~3.3GeV TH2161B 55kV/12A WR1800 350kwW SCx3
/ NSRRC 400mA (2EA) (Thomson) (AFT) (KEK type)
TLS ~1.5GeV VKB -7953 & -B Klystron HV 6-1/ 80 150kW NC(Doris)
/ NSRRC 200mA (70~100kW)(CPI) power supply coaxial (AFT) to SC(Accel) x 1
CLS 1.9GeV TH2161A 55kV/12A WR1800 350kwW SC(RD)x1
Saskatchewan 200mA 250kW(2EA) (Thomson) (AFT) (CESR Btype)
NSLS-1I (2015~) 3.5GeV TH2161B 55kV/12A WR1800 350kwW SC (USA) x 3
/ BNL 400mA 300kW(3EA) (Ampegon) (AFT) (CESR Btype)
SLS 2.4GeV TH2161 50kV/10A WR1800 250kW NC
/ PSI 400mA 180kW(5EA) (Thomson) (AFT) (Elettra type)
BSRF 2.5GeV TH2161 50kV/10A WR1500 250kW SCx?2
/ IHEP 200mA 250kW(2EA) (Thomson) (AFT) (KEK type)
Elettra 2.02.4GeV | YK1265, K3672 (60kW) UHF & IOT 6-1/ 8 0| 75, 200kW NC
Sincro. Trieste 200mA & IOT TH793 (80kW) Transmitter coaxial (AFT) (Elettra type)
DIAMOND 3.0GeV IOT (80kW) IOT (e2v) 6-1/ 80 200kw SC(RI)x 2
UK 400mA 2x410Ts Power Supply & WR1800 (AFT) (CESR Btype)
ALBA 3.0GeV TH793LS (80kW) HVPS (Thomson) 61/ 80 Cavity NC-DAMPY
Spain 400mA 6 x210Ts Power Supply & WR1800 Combiner (BessyEC type)




paL» Froposal ofCollaboration for Similar SR HPRF system
— of Light Sourcesand Accelerators

A CWRF workshop: Good example fo€EW HPRF experts
A Closely Collaboratioffior information, RF technology, mawowers

A Mini-workshop group$or similar HPRF system: half day, informa
1) 300kW Klystron w/ KSU & SC : PLS-II, NSLS-II, CLS, SSRF, TPS
2) ThalesKlystron and Thomson KSU : PLSII, NSLS-II, CLS, SSRF, TPS, SLS,BSRF
3) Klystrons : almostLight Sources and Accelerators Laboratory
4) 10Ts : DIAMOND, ALBA, ELETTRA, NSLS -lI(Booster) etc.
5) SSPA : SOLEIL, ESRF, PSI, ILSF(Iran), IBS(Korea) etc.
6) Vacuum Tubes (Triode,Tetrode) : CERN, IHEP, etc.
7) HPRF system with NC or SC Cavity Technology

A Workshop withSponsor ofuppliers forservice, repair, spares
A Exchanges foexpensive spare parts and emergency recovery

22



JAL2 Installation, 15t Module @ SR Tunnel




Portable Clean Room, class 10
for connecting two cavities




SRF module #3 &




pay  SChematicdiagramofGryogenic system
— 700 Wrefrigeration capacity a&.5K

Helium warm piping

. _
i Maln::.,,, ool e e g - Y

kCémpr%ssor

!- »\w,\._rl
]

WO N St rad -
) !
1 0 Ly e |
e aey VISISEIVHITN. Wi IS g - |
- f

BRCY T e ; sl || BUFFERS |

. RR=t _ , ] |
Recovery -1 £ | - 'y

| f Compressgim' il Helium storge |
Ll | 1

, — | tank g

| p—— ——. .| §|

L 3l

| !
|
= e = I

[ R S - . PR | !
S K

U || - . > |

External Purifier




Layout & pictures; of Cryogenic system

— |

Compressor ORS(Oil Remove System

P |
Installation of the building and tanks Cold Box & Control Rack



PAL 0

499.973MHz RF Generator

499 97IMHz Ref,

10MHz Ref.
RF Signals Generator
(10MHz, 444.973MHz LO)

10MHz
+13dBm

Uitra Low Noise
Precision
Rieference
(501-07128,
Werzel}

Station Phase adjug

Field Controller(from JLAB)

Main Line RF Processing

PHy

439.973MHz,

Slow ADC & Digital I'0

EPICS I0C
(Single Board Computer)

LLRF Board

Down Converler

LV & HV POWER SUPPLIES

>

RS

Ethernat H

Do [ > e

PLC Controller Or Equivalent

HIGH POWER AMPLIFIER SYSTEM

Low Level RF SystemiBlockddiagram
( Digital type : cooperation with Jefferson Lab)

Cryogenics System

Forward RF .
Field Probe ¢
<= Forward RF Power
RF Signals -a}— Reflected RF Power Tuner
ictribiti Control
Distribution  JESEEIRR =
-l Electron Beam ‘ fLe |
RF Cavity ‘ RF Palih Passl |
Electronics(for SRF)

y ‘ Power Supedies |
‘ Wacuum Gauge Contraller |
N [t

Cryomodule Control Rack

To Step motor

Stepper Chassis

(Resonance Control)




Faults Statusof PLS-Ill with SRF System

PAL
o in the 1st half year 2013
Faults Number Faults Time (hour)
. Utility,
Utm 2, Ef/; 2, 1.83, 3%
Control, 3, Control,
6% 1.68, 3% _«

30, A

Beam line,

4.70, 9%
Operation,

2.95, 6%

A Mean Time Between Failure : 16urs (7.3 days)
A Fault times of SRF system : 21.2 ho{88%)
A Fault number of SRF system : tihes(24%)



PAL
— (operation & planing)

Operation Status of Yeatly BeamCurient

Current

400mA

300mA

200mA

May 13, 2013

May 13, 2014

400mA top-up

prg

>

\

y

// Machine currept capacity
SRF 3

Remark | 1 SC cavity 2 SC cavities w/3Sc | 3SCcavities
User User User User User User 400mA
beam:100mA beam:150mA beam:200mA beam:~250mA beam:300mA beam:350mA
Touch: 200mA Touch: 300mA Touch: 400mA
RF 2.0 MV 3.3 MV 3.3 MV 3.3 MV 4.5 MV 4.5 MV 4.5
voltage MV
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T e Date & Time: 2014/05/09 03:17:30

(£ RFMain-20140331-1.0pi &3

RF station #1

Gap voltage : 1501.39 kV

Gap phase :  -144.43

Detune Phase : 3.1
a4

RF Ready Set Step Read
1.352 0.01 1.352
4 _
MIS PsI LLRF1 | (. Fault
Reset 4809 kv
Interlock ;57 5
~ Fault
Klystron 200___ Y977 Load
power 1gp: power
89.65 3 13.04

Beam
Current
200354 mi" TR EEY EalE .. .
71.96 kW
~ Fault
LHe level (%) 64.98
Presure (mbar)
- Venturi flow 11.79
- He Vessel 1190.28
- LN2 supply 1743.06
Vacuum (mbar)
- Window 1.064E-9
- Upstream (FBT) 1.064E-9
- Dnstream (RBT) 1.389E-9
- Insulation 1.233E-7

Total gap voltage : 4.50 MV

RF station #2

Gap voltage :  1499.09 kV
Gap phase : 0.01
Detune Phase : .0.19

Set Step Read
1.412 0.01 1.412
LLRF2 | Fault
4427 K
6.48 A

200-—
Klystron

power
87.99

100-

8.25
1189.81
1748.26

7.215E-10
6.602E-10
7.056E-10
3.759E-8

RF frequency :

Operation Status @f PLSIIRE" 05/092014 @200mA

499963094 Hz

[409963004 Hz

RF station #3

Gap voltage : 1499.74 kV
Gap phase : -23.96
Detune Phase : (0.6
Set Step Read
1.602 0.01 1.602
LLRF3 | Fault
44.59 k
6.01 A

200-—
Klystron

power
89.06

100-

121
1189.81
1746.53

5.346E-10
5.406E-10
5.908E-10
3.327E-8
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RF Spectrum KSU-klystrom output RF Speatrum KSU1,2-klystron (Mains & LLRE" noise) @0mA
PAL ? w/ Load 300kWmax @SAT ((2013102) (mains: 60Hz-60dBc /120Hz-56dBc/ 180Hz-65dBc)
‘__‘ﬁ.r (mains: 60Hz-69dBc / 120Hz63dBc / 180Hz-64dBc) (LLRF : 10Hz -58dBc / 30Hz-50dBc /50Hz -46dBc/ 100Hz-56dBc)

SKSU noises 5.17kHz -62dBc / 10.3kHz-70dBcz (KSU switching noises 10.3kHz-60dBc@ 200mA)

.
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P2

PLS: 75kW Klystron Amplifier- R&D

Three 75kW Klystron Amplifiers (mainly power supplies) were
R&D and fabricated , operated at PAL for PLS RF power upgrade.

Klystron 75kW / 500MHz (~2011)

Amplifier (300kW /500MHz: 2012~)
High Voltage 27KVIBA  (52KV/12A)
Power Supply

Klystron Tubes

(75kW) (Thales TH2612B)

Philips YK1265 & E2V K3773] _

Transmission

61/ 80 OBkWwkmaa ||

Line @500MHz(WR1800 W/G)
High power ATF61/ 80 Coaxi
Circulator (AFT 350kW & Load)
: 70kWmax (Normal Cavity)
RF Cavity

250kW (Superconducting)

75kW Klystron Amplifier for PLS
(PAL RF Test Lab)
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p a4 PLS 75kW RF System Layout 2 (~2010)

A The RF system for the PLS storage ring was operated at tota
maximum RF power a375kW with five 75kW Kklystron
amplifiers and five PRype normal conductivity (NC) RF
cavities for 200mA at 2.5GeV until year 2010 as PLS status.
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PLS 75kW RF System Layout 1 (=2008)

Cavity #1
Cavity #2
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Cavity #3

Cavity #4

6~1/8" Coaxial Line
1 -

SECTION VIEW

S,
—r—esl) P

— — - .
%-S t.l'*- =

Circulator
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22 PLS 75kW RF System Layout2 (~2010)

RF System Layout (5 cavities)
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3 Dummy load ' | _»O S =

4 Coaxial switch

5 Circulator

6 Klystron amp. ——r -
Sl R XX AE EE Em A AR  § X = ,,lg
3

T cw ‘ ~ [‘ﬂ :‘—- - Vu«l :
é l bl ’ 3 "_,.;—" L__l. 1
P! gl s 3 & | ] -




PAL D

Operation Example of the 75kW Klystrons

- -
Klystron Amp. KA#1 KA#2 KA#3 KA#4 KA#5
Maker /Model Marconi E2V E2V E2V E2V
(S/N) K3773 IK3773 IK3773 IK3773 IK3773
(160-0222) | (1640230) | (169-0347) | (1600121) | (171-0349)
Operation hours(tube)) hrs | 22,500 16,343 10,457 13,303 325(5/12)
K|ystr0n amp”fier hrs 51,250 62,044 62,260 59,624 682
Pmax. spec.(oper.) | kW | 75.4(68)| 76.5(65) | 76.6(65) | 75.6(65) | 75.6(65)
max. power (194kW) | kW 47.9 48.4 43.6 53.8
@190mA/2.5Ge12/12)

Beam V(spec/oper) | kV | 27.6/25.3| 26.7/24.5 | 27.0/25.2 27.5/26.4 27.3/26.0
Beam | (spec/oper) | A | 5.62/5.44| 6.21/5.45 5.9/5.98 5.93/5.98 5.85/6.0
micro-perveance 1.97 1.88 1.94 1.84 2.00
Efficiency(max.) % 51.9 50.6 48.1 46.4 46.4

/ 2006. 5. 17.




View of Klystron (60kW vs 75kW)

Three K3773BCD klystron were replaced with YK1265 to increase the RF
power from 60 to 75kW(25% up) with same power supplies.

. - R -
<— Coll
| ecto g
mn'w‘ ‘ T S
2{(1%0 % e
=
‘ ~Eé§‘ g
= |
1m3r?; i | § :
‘4— Drift
160.0 — Tube
max ]
=—— <+ An
= Cf?:ﬂﬁodé
> /Heaterg
-/f‘ . Pllj)r:p — y
Figl. Before replacement of 60kW Fig2. After installation K3773BCD(75kW)
( maker: EEVA Marconi A e2v)

(Phillips YK1265 or K3672BCD)
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Tuning & Measurement of 7Z5kW IKlystron

K3773BCD (alsoYK1265 or K3672BCD)klystrons were developed

for UHF Transmitters from 470 to 860MHz with same power supplies.

4 -6.794 d&

£.2.24 [ 500.000 000 MH2

|1 -8.6069 oB
501 [MHz
24~3.3198-dR
459 MHz
37 -30.822¢ oB

:
- 3 . * *
| t - S0

Cavity adjustment for Tuning

Output power(kW)

KA#1 75kW RF power test SM160-0121
80
- /l
_a—n
70 |- ._’-,,.—-.—*"’. ” -
- ./.
./
60 - i 1
F o
50 |- W A
L o “*
40 . ‘/ ././ -
e
30 . / '/./ "
= / /./ A/A—A -
/ P A—
E A—A
20 ~ /. ./ A/A, —
Y e A
/ - -
- ‘/ ‘/A
10 |- ./ A/A/ -
./ o a4 8~ Output power(kW) i
A —o— Dnve power_forward
0 //!/A L 1 1 P d repower reverse
0 . 4 6 8 10
Signal generator(mW) 2002227

Klystron transfer characteristic curve

24

21

18

o
Drive power(W)



PALY Upgrade Progress History ofPLS

I
Total RF power with klystrons was upgraded from180kW(1994)t03725kW(200p

to increase the energy and current of PLS storage ring.

Upgrade Total RF Power BeamCurrent (nax)
Progress &Results (maximum) (operation)

100mA (@2.0GeV)
200 mA (@2.0GeV)

400 mA (@2.0GeV)
180 mA (@2.5GeV)

First RF (1994~) | 180KW (60 kW x3)

RF (1998~2001) | 240 kW (60 kW x 4)

RF Power upgrade 255 kW 450 mA (@2.0GeV)
Phaseéd (2002~) | (60 kW x3+7%Wx1)| 200mA (@2.55eV)
270 kW 450 mA (@2.0GeV)

Ph 2003.8 -
asd (20038-) | Gouwx 2 + 75kW x 2)| 200 mA (@2.56eV)

500 mA (@2.0GeV)
250 mA (@2.5GeV)

500 mA (@2.0GeV)
280 mA (@2.5GeV)

Phase Il (2004.-9 | 300 kKW (75 kW x 4)

Phase 111 2005~2010) 375 kKW (75 kW x 5)




PAL 2 23 years Experience of CW Klystrons at'PAL
I
Klystron Operation KIvstron Cathode | Operation Lifetime
model Frequency & Cyavi ¢ \Voltage & Year (hours) Remark
(Po_max Application y Current (Qox vy (Faults)
Phillips 500MHz External oy 1992 ~34,000 | original version
YK1265 (3MHz) Tuning BA ~2001 (emission For UHF TV
(60 kWmax) UHF TV (4 EA) (6 EA) (for PLS)
decreased)
EEV 500MHz External 25kV 1997 ~1,400 Second versior
K3672BCD (3MHz) Tuning 6A ~2003 (drift tube from YK1265
(60 kWmax) UHF TV (4 EA) (2 EA) Broken) (for PLS)
EEV 500MHz External 27KV 2003 >30,000 RF power
K3773BCD (3MH2z) Tuning 2A ~2012 (emission upgraded
(75 kWmax) UHF TV (4 EA) (5 EA) & to PLS-II) (for PLS)
Thales 500MHz Internal 50KV 2011 (o~1e?é1?i?10) for CESR-B
TH2161B (2MHz) cavity 1A ~2014 fso oog SC cavity
(310kWmax) Accelerator (5 EA) (4 EA) ’ (PLS-11)
(expect)

K3773BCD (alsoYK1265 or K3672BCD)klystrons were developed for UHF TV
Transmitters, and used for RF sources for Accelerator application at Elettra and PLS.

Therefore, ~30,000 hours lifetime was shorter than CW klystrons for Accelerators
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100

PLS 12 years(OperationsStatisties 1(1/2)

PLS operation availability and MTBT was gradually increased
to 98% and 75 hours (3.1 days). Also energy and current were increase
from 2GeV/100mA to 2.5GeV/200mA during 16 years period.

As of 2009
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PAL D

i PLS 12 years(OperationsStatistics (2/2)

Year Assigned Time| User time | Availability Dov-l\-/(r)ﬁlime No. of Faults Tol';]atllez?;ilm MTBF |[MTTR Eii?{]ny
1996 3236 3034 93.8 202 387.0 2
1997 3960 3618 91.4 342 500.2 2
1998 4272 3784 88.6 488 428 545.2 8.8 1.1 2
1999 4224 3934 93.1 290 617 548.7 6.4 0.5 2-2.5
2000 4272 3884 90.9 388 484 593.2 8.0 0.8 2.5
2001 4056 3806 93.8 250 266 626.5 14.3 0.9 2.5
2002 4404 4119 93.5 285 319 706.4 12.9 0.9 2.5
2003 4440 3959 89.2 481 166 703.0 23.8 2.9 2.5
2004 4440 4386 98.8 54 105 730.6 41.8 0.5 2.5
2005 4584 4341 94.7 243 184 804.0 23.6 1.3 2.5
2006 4545 4450 97.9 95 120 812.9 37.1 0.8 2.5
2007 4694 4617 98.4 77 80 840.8 57.7 1.0 2.5
2008 4781 4635 96.9 146 80 857.1 57.9 1.8 2.5
2009 4700 4633 98.6 67 62 854.5 74.7 1.1 2.5

| 2010 | 3420.5 3283 96.0 137.5 71 497.3 46.2 | 1.9 2.5
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JAL7  PLS Faults Breakdowin of RLSSSR (>2010)

Fault Number

700
Total fault numbers of PLS machine operatsnvell as RF system
<00 were gradually decreased until 20110.
etc
MIS
300 PS Interlock
© Photon Stop
100 [ ® Beamline
H Operator
¥ Timing
300 = LCW
B TInknown
200 ® Electric Power
B Linac
B Vacuum
100 H Control
m LIPS
0 B RF System

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year
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165MHz
Sig-Gen

ol

From
165MHz
Sig-Gen.

100kW High Power RF Amplifier

125kW
Circulator
100kW (N

by

—{ RFQ
\\I/Zoaxial

Tetrode 6-1/8" EIA -1/8" EIA
Coaxial
Load
125kW
PLC HVPS(10kV/12A)
controller & 3 Power Supply LLRF & Interlock

100kW High Power RF Amplifier (80dBm)
(Drive 40dB + IPA 28dB + FPA 14dB)

6-1/8" EIA}
Coaxial

6-1/8" EIA
Coaxial

30 AFQ cavity denign

—
Sesslation! COST MW S B

LLRF & Interlock

Monitoring
l:t‘;ﬁ o‘i‘k HVPS(10kV/12A) Load
Controller & 3 Power Supply 125kW
Water Cooling

(total 160 l/min)

100kW/165MHz RF Amplifier for RFQ (KBSI project)

Quadrupole mode froquency . 164.931 M
Dipole mode frequency | 166 514 MKz
===l

b

Lt _—

= X =
=) i

: :

= 3

= = ==

= :__ — - - - =..:. = -—
M feld datnbuton n 3D Crons section of M feld datribution
1 =

'E
g.'

o == :

A 1InaHengﬂ1:250cn1orbss

A Crosssectional area :
50x50 cmior less

A Power : 100 kW or more, CW

A Frequency : 165.0 MHz

A Duty cycle : 20% or more

A  RFpeak :150KkW orless

A Coupling loop connector : standard EIA
6. 125n

A RF signal pickup probes

A Mains Power requirement : 3phase, 380V,

60Hz



JA%Z TH 781 for 100kW/165MHz RF Amplifier (KBSI project)

1) Anode Power Supply: 10kV/15A(min.) DC, controlled TH 781 High power Tetrode
2) Screen Grid P/S  :1200V/0.7A(min.) DC, SMPS type  Up to 300kW CW (~200MHz)
3) Control Grid P/S  -350V/0.9A(min.) DC, SMPS type Up to S00kW pulses (~250MHz)
4) Filament Power Supply: 10V/375A(max.) AC, controlled High gain: >14dB



