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Current Status of High Power RF Sources

Buncher Inj-1 Inj-2 Inj-3 ML-1 ML-2
Cavity NC 2cell-SC 2cell-SC 2cell-SC 9cell-SC 9cell-SC
Cavity Woltage 114 kV 0.7 MV 0.7 MV 0.7 MV 8.6 MV 8.6 MV
- : 3 MV/m 3MV/m 3MV/m 8.6 MV/m 8.6 MV/m
(F[')ee'gg%r)ad'e”t 75MVIm) | (7.5MVim) | (7.5 MV/m) (i5MV/m) |  (15BMV/m)
QL 1.1x 10° 1.2 x 106 5.8 x 10° 4.8 x 10° 1.3 x 107 1.0 x 107
Cavity Length 0.068 m 0.23m 0.23m 0.23m 1.036 m 1.036 m
o Vel rent 3kW | 0.53kw 2.6 kW 1.6 kW 2 KW
— -
Inj2 Inj3 > 1 ML1 ML2|*

The "vector-sum" operation
in low energy region, <1,

has some difficulties.
-> transit time change
-> RF phase change

_ X 16 kW SSA 8 kW SSA
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300 kW CW Klystron A EER
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16 kW CW X EHF 7T

R&K 16kW3E{K 7> T (CA1300BW10-6372R)

tHAE AN 16 kW CW
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300kWZS5 4 ARA(INJ2, INI3FR)DEFE R

1JSC2  1JSC3

Phase Shifter

N ra’iﬂl_‘?-ﬂ i o

l g

Phase Adjustment
between 1JSC2 and 1JSC3

BHRERA +30mmZEE A BE

WG650E % (0.1651 m x 0.08255 m)
EMNEE \g=0.322217302 m
ERE1ImmddT=Y. 1.117 deg./mm

300 kW Klystron

Circulators(100kW )
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Inductive Output Tube (IOT)

30 kW CW 10T (CPI) EFFICIENCY VERSUS OUTPUT POWER

| ===GridVoltage =-110v |

100.0 -
RF Input 90.0 == if.Z"L ooy i.et.,::ik:mv ------------ -: ............. + ............ .,. ............. ,. .............
800 | Gain > 20.5:18 H
RF Output 70.0 -
£ 5001
Output Cavity ué 2001 _
40,0 1
Collector 300
200 7
Photo of the CPI 30kW IOT(VKL-9130). 100 J : : ; ; :
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_ \ A
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EENSERE KR (LLRF)
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Mechanical tuner : coarse tuning Frequency Tuner

Digital LLRF System

0~ 500V Piezo Tuner : fine tuning

P

C
LO — LO
IF

Cavity pick-up signal

%,

N

v

[+

Tuner board

DAC

Digital I/O

-250V~250V

(CW/CCW pulse output)

Offset
+250V

Piezo driver

2017/10/27 cERLEMEEFIZE S
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A

®<—LO (1.3GHz(1+1/128)~1310MHz)

IF (=<10MHz)

par

Fast Interlock
(Arc, Pref, etc.)

1.3 GHz

A

RF SW

-
L/

A

MO(1.3 GHz)

Requirements of RF stabilities:
0.1%rms,0.1deg.rms for cERL
0.01%rms,0.01deg.rms for 3GeV-ERL
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Digital LLRF System

16-bit ADC x4 16-bit DACx 4
EPGA (LTC2208)  (AD9783)

RF FB
Virtex5-EX Tuner Control

Control /

1/O

MicroTCA

AMC(Advanced Mezzanine Card)
(Mitsubishi Electric TOKKI Systems Co.,Ltd.)
Total 11 boards are used for operation.

BUN Inj1 Inj2 Inj3 ML1 ML2 B Embedded Linux is working in the

PowerPC on FPGA.
REFBboard | FBO | FB1 | FB2 (Vecsum) | FB4 | FBS | o oo o'poard acts as an EPICS 10C.

Tuner board = TNO = TN1 TN2 TN3  TN4  TN5 B Data acquisition is performed
FPGAD N AR AT T 2114 T RFIA—K/\wh & through GbE bus on the backplane.

Fa—F—HEHAR—FOMmAIZ{FE R §E EPICS IOCO4H 73 7>
(ERET TR TERADFIEHEZ B iELTL ) (SKEK/NAYI K + = Z B H451%)

2017/10/27 cERLEHMEZEFAEZE S =F 18



J4—ILF 24—k /\yHarkA—)L

[
o | MPS |
% * Intedock
c
g
= [ RF ON/OFF
IF=10MHz — 1300 MHz External Interlock
e M 1300 MHs
: MO
80MHz L CLK A cosd sind ¢
—-sin@ cosd v
Correction AD9783 | | .
v s | “lmaol - 2
I | o ! [ g
Q Q 5
Cav 1 E 1 ~ A —= | @
L »
i Q Q -
) ‘>_| | W
Pf Q Q Internal Interlock -
— — High Limit
n n Low Limit CPU PPC440
. - Jud ement —
mo 7 lq Q & Linux -
Q \Waveform data
Ring Buffer
RAM RAM EPICS
N0 | 40MHz | 56 256 MB s
Gb Ethernet -
1 < 1 < EPICS is used for
= ZZ 2” V(") Q= ZZ V(") Wave Forms | parameter set | CONtrol communication.
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Fa—)—flEHAR—FDITOvoH

[ Feedback Control: A8 = 6;(Pf) — 6, (cav) =>0 ]

BB 2R dPiezofZ [T
DAC |mmp| Piezo Tuner %g’%‘ﬁbmip'ﬂd PR
B

cw

Digital 1/0 » Mechanical Tuner
CCwW

J_|_|_|_ Stepper motor ﬁ{iﬁglﬁ[i*&ma‘-l—f—fﬁlﬁﬁﬂ

FPGA Board
. Amplitude P
80MHz» CLK (“59 _Sma) Level judge offset FB on/off Offset
sin  cos0 l Bffset o
Pf ADC | Ki 1 1 for protection
— Y Q —» ROT1 LPF > v ' ;>_/_ » @ ®—| DAC
A6 Ab
c - W
L apc | | | ROT2 LPF —@—[ > 0¢ > Digital I/0
Q _ Polarity ~ g 0> »>
/ fc=20Hz change p CCW
L

s / -
#Zf=0(on resonance) DIKEETIEB D
MBFITL—3avEiTd
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Performance of INJ2 & INJ3 vector-sum feedback

RFJ4—K/\wH

AA/A=0.97% rms
A = 3.39 deg rms

¥

RFZ4—K/\wHEH

AAIA=0.012% rms
AO =0.022 deg rms

Amplitude
I
o

1.562

1.5615

1561 |

1.5605

1.56

Amplitude

1.5595

1559 L

MELIZE

=, 980

=

#1/100 E CHIH

1.558

15585 L

KlystronTiR') v T ILICK D EE]

Amplitude |

104 Cavity 97%rms

A

X

0 10 20 30 40
ms
104 Cav|ty 0118%rms
X
- with FB
0 10 20 30 40
ms
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Phase(deg.)

Phase(deg.)

-100.1 |

145

140

135

130

-99.6

-99.7 |

-99.8 |

-99.9 |

-100 F

-100.2

Phase

Cavity 39deg.rms

o1}
[}
©
I LN
i
A 4
10 20 30 40
ms
Cavity 0221deg.rms
oo
[}
©
b
o

Ripple: 300 Hz

10 20 30 40

LPF:100kHz: FB i
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Waveforms of ML Cavities

T. Miura, IPAC2014 @Dresden

Amplitude Phase
M L1 x 10° 0.012302%rms 0.013717degrms

AA =0.012% rms 0 ;
A@=0.014° rms 62 — o2 roon |4
1661 FaON | o4t i 4
AA =0.035% rms ? ERY ' o0
AB@=0.3°rms T;l 1659 L | % o i H m %
“ il x - T :
16 s ; ]‘ ; E
1657 28 8 14 1 4
Vc: w RF Feedback 1,656 e ! v
165 50 100 150 200 250 300 350 400 B '80 50 100 150 200 250 300 350 400
Vc: W/O RF Feedback Time (ms) Time (ms)
1ea 10 0.012572%rms . 0.014572degrms
ML2 ' oo =
AA =0.013% rms | , . .
ABO=0.015° rms De N ; ﬂ “ H F l H aa 50 f Microphonics )
z:L 1632 “ ;g -3 l: h A A A { ﬂ ~~~~~~~~ (oY)
AA=05% s i JARLEAEAALARLRARLAR | 3
| ML PRI
T
1626 i -6 j i v

Time (ms) Time (ms)

Field fluctuation by Michrophonics is stabilized by RF Feedback
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Phase Noise Jitter Measurement

%2 Fpick-up{S B D4R/ A X BI5E M Egi, PASI2016 (MOPO25)
(Signal Source Analyzer : E5052B)

FB5-PT-HGFB-1.5kW—-8.6MV-ssa—20140521-2.csv
HRRREH I 1

Vibrational state of "floor" around Main Linac

Pf: w/o FB .

Pt w/o FB || 60 RP: Rotally pump
Pt w FB . _Rp/0|:|:

-70 '\ —RP/ON

B

~ 50Hz

MO -65

dBc/Hz
Magnitude [dB]

-140

-160

ML2 | fmas - JIZIZ] -100

0 50 100 150 200
Frequency [Hz]

-180 5 1
10 10

! 10° 10° 10* 10°

Hz
Vc Phase Noise with RF FB (10Hz-1MHz)=0.017deg

Vc Phase Noise w/o RF FB (10Hz- 1MHz)=0.73 deg

10°

Microphonics is observed at 10 Hz - 500 Hz.

Phase noise by Microphonics was suppressed well by RF FB.
Phase noise of Vc with FB was almost the same as that of Master Oscillator.
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22 i Grpl < & 5 R Bl %t 5K Rij % D Microphonics

N AT
9-cell SC cavity: Q=10 Cavity field for constant input RF power.

50 Hz | vibration by scroll pumps
101

15 Y l i :
1.005 / He M | ] I‘ 1 A s
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=
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—— ]
——
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—
—
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-— ]

Field gradient
8.3 MV/m : Operation point
(15 MV/m : Design)

| b
—_
T

0.995

-
L —
-

ﬂ
-
b —
-~
-
-
=
L —=
-
L
E—
-
-:
-
-
-
Phase(deg.)
&
[4;] o
—

Amplitude/mean(Amplitude)

0.99 -2
0

100 200 300 400 0 100 200 300 400
After Time (ms) Time (ms)
—~ 101 2
(0]
3 15
2
2 1005 1
E /;0 I 1.l 1
< Y SO R S T N NN W A—
c 3
S AN WY 5 o
\E 8 o5
< . ] v
) o
S 0995 1
2
o -15
€
. < 099 -2
The rubber sheet was inserted 0 100 200 300 400 0 100 200 300 400
under the scroll pump. Time (ms) Time (ms)

The 50 Hz vibration is improved. 2017/10/27 EREFEZFIEE S =55 ”



RF Stabilities

Amplitude

1571

1.5705

157

1.5695

1.569

Inj1 Inj2 & Inj3 ML1 ML2
Amplitude = 0.010% rms 0.007% rms  0.003% rms 0.003% rms
Phase 0.018° rms 0.025° rms 0.010°rms  0.009° rms

WEZIZIZINJLID R EEA0.006%, 0.009° rms&LT=hY,
20kHzDER) W T ILIZxE L. Monitor BERZI1Z5kHz LPFE M FTLE-TULV =,

FB1 (INJ1) FB5 (ML2)
Amplitude Phase Amplitude Phase
4 0
><1o4 FIL: 0.010388%rms . FIL: 0.01807deg.rms 1,6439)( 10 0.003349%rms 2300 00085591degrms N
16438} ' ~ B0t [
0 B ol o
- 7 S 16437 o0 B 5
8 £ O 2299 <
® oo & 16436 =¥ )
g% : o8 2298 o
o H
16435 Yy Lh Al LI TLILIE
T s i s 15434 b 29— v
o 1 ;Z 00w o fﬂ‘; o9 S0 1000 200 300 400 Y0 100 200 300 400
. . msec msec

AF B/ TIEEFHENDELN, FUV=TF VI TIE
3 GeVD BIZET#H50.01% rms, 0.01deg rmsZ =L TLVA.
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Measurement of Beam Momentum Jitter

RFEEEDEEMERIT 5= E—LDEHED VI—BIEZIToT=,

Screen Monitor Injector

Dispersion :

=0.487m &
Change | SCMIFO1 [cam14] 63.7

Y = =tk = W o o
Beam: 5Hz, 3ps rms, 23 fC, total Energy=20 MeV

_63.7um/pixel | dP/P=0.013115 %rms
0.06
3 >
0.04 ssie 30.min. . .
22E4- . p— 1'p|XEI
! SR 0.02 [ i e et e -0y 129/
E gl 0-013%
N .—
o 0 = : :
; -
0 510‘16;51 ;na e s 5e0 ; &0 839 0.04
0 500 1000 1500 2000 2500
Measurement of the time(sec)

jitter of peak point. e ) i
J beakp Momentum drift in the period of ~¥15 minutes was observed.
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What causes Energy Drift ?

Time interval of detuning is similar to the interval of energy drift.

1_

Isd

Inji2  Inj3 ~15 min. Large ripple depends on valve control
for liquid N,.

=

Input-couplers of injector are cooled
by liquid N,.

o

Detuning phase
A6 (deg.)

CERL:LLRF:TN2: LW DLTS |
ERL:LLRF: TN1:LW DLT

Inj1
A U b o e L Tuu U v
2015-02-13 13:00 13:20 13:40

Time

Cavity Phase
| ML2 1 x

- <RF source : cavity =1:1 >
ML1 Cavity phase is stabilized by RF FB.

'
L
ra

w
i
i
]
1
]
1
[
E

Inj2

<Vector-sum operation>
1> ol *‘.”’ 4 Vector-sum is constant,
| Inj3
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Vector-sum Error

Possibility of momentum drift caused by vector-sum error

(1) Vector-sum calibration error
Amplitude & Phase calibration error

(2) For low beam energy (B < 1),
transit time is affected by cavity field.

Injection energy : 1.63MeV@Inj2, 2.36 MeV@Inj3

Cavity fields changes => Beam phase changes.

In order to minimize the momentum fluctuation due to
the vector-sum error,
“detuning” should be stabilized.

2017/10/27 cERLEHMAEFEZEE S =@ 28



Result of Resonance FB Control Improvement

Higher FB gain in resonance control is adopted for small detuning.

Detuning Phase

g =] &S 1.5 D.s \ f | i CaV Ae deg Af HZ
S’) B_I! -"Iz -_u'| S1a “l
< ;@'?’ qg 5 INJT  0.23 2.2
B ek INJ2  0.10 2.0
SS 8 8 & B
g 1 o : 0.54 ~ -1.54 -2 INJ3 0.09 2.1
o = ML1  0.09 0.08

:“m 2 ML2 0.16 0.18

Detuning due to liquid N, flow has been compensated.

Cavity Phase
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dP/P(%)

Result of Resonance FB Control Improvement

Measurement after modification of tuner feedback gain

Inj2 & Inj3 only changed
dP/P= 0.0063913 %rms

Momentum Jitter= 0.0064% rms
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nin.

A

v

500

1000
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Large momentum drift disappeared.
=> Beam momentum jitter AP/P =0.003% is achieved.

dP/P(%)

0.04

003

0.02

-002
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FB gain is optimized
dP/P=10.0033939 %rms

Thge latest result

AP/P =0.003% rms

30 min.
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Disturbance Observer (DOB) + PI Control

Disturbance M # TE Micr ophonics o FaoREH
PS Ripple + Beam i nti-causal Model
o Cav / G, (s5)= 22 D = E B 5K
—’?‘9_ A G, (s) / - i s+a
- AY x s —
0(s) - ; G,!(s)=214| ZRDEEEHD
i b |
] + Inv.
Removing d - BT_Q(S)*' G_I(S)
d n
O(s)=——  «2RDLPF
(rs+1)
d=(s+d)G,(s) G, (s)0(s)-€0(s)=d 67 (5)0(s) =24
b(rs+1)2
LLRF15, Nov. 03-07, Shanghai, China - Cgusal
I, : Z 1- icrrophonics
[ PIHIEICDOBEMA I=ED g nen Y N\
. Crrl. s R +id Cav .
%— PI(s) ¥_ o) Gy (5)
-+ Inv.
PI ctrl + DOB ctrl. e ()0
d

LLRF15, Nov. 03-07, Shanghai, China
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Application of DOB for Ripples of 300kW Kly PS

FaOKER

10000 2000 3000 4000 3000 O 1000 2000 3000 2000 3000

freq [Hz] treq [Hz]
The 300 Hz ripples 1s disappeared

LLRF15, Nov. 03-07, Shanghai, China
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300kWOSARMAVIGE RENDHERLED . RFEV AT LEFEELT-,
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0TIX, ZARTHA = ZRDENGIITORYFLHLELVENRLHS.
I—CUTBF AR T =P oKYENT—5 LIFALENSHLT=6H. TRE(?)

FERTUTF. RETERICENPTLY,
REERICIEIREDTILEND D FENRIEADEFALLINEHERE,

LLRFTIX. TORILTL—R NI AT LEEELT-,
3 GeV ERLAD BIE{E 0.01% rms, 0.01 deg rms(Z1B 5 REZZER TETLVA,
TA—R NI INGA=ADED FZEEE Y=\,

B<1DE —LEEIZHL, RIA—H LEBAT DL E—LOIHRLE—RFELH
8 <D, TENE. BREICHETEAARETHD,

DOBIVhA—/LGEFT-LEHIEHF EZLHBRSN  RIFGIEREZE TS,

BEICXTEHNRIEEOTWLSA . IBEICKSF) IO EENREEH RSN TS,
FUTRERCHEDM, FUTREX v EILT HHHZEALIZL.
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