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= Layout of Acc. Cavity Location
( Design for SuperKEKB )
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sections for acceleration. LER: 18 x NC (ARES)
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One klystron drives one cavity
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#—— KEKB-LLRF System (Present) -

from RF
reference line Phase Lock Loop

combiner Klystron cjrculator
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The KEKB has been operated until

i == 2 2010, by using this system.

KEKB LLRF systems are composed of

p— [ combination of analog NIM modules.
Tuner & Sequence

_ Controllers These were controlled remotely by
using CAMAC systems with EPICS-IOC
from central control room.



@
LLRF Upgrade for SuperKEKB
Replace all preset analog systems to
new digital LLRF Systems.

o with y TCA-based FPGA boards& PLC.
e performs as EPICS-IOC.

KEKB SuperKEKB : Lower emittance ,
& Higher beam current ;sz

LLRF system | More accurate, More stable
& More flexible!

for acc. gradient

Required Stability | 1% in Amp. , 1 deg. in Phase

Our target value of the stability

for LLRF System |  0.3% in Amp., 0.3 deg. in Phase




Prototype of New LLRF System

for the SuperKEKB
A prototype of new digital LLRF system was P
produced for the SuperKEKB in this year. L

It is now under evaluation to fix the design New LLRF System for one klystron _ /
for the quantity-production. ¢ ~ (EIA-19” rack) i
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| — @ . |
“ Linux-OS PC’s with EPICS @
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Operated via CA gy
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:: GUl is composed by using EDM.

RF-Output Unit (IQ-Modulator & RF-SW) . les

UTCA-based Digital FB unit =i

Down Converter Unit (IF out) ... <

RF Interlock Unit __; &

Distribution Unit
(LO & CLK generation and dlstrlbutlon) ’




uTCA-based Digital FB Unit <
It consists of 3 FPGA boards.

It is common with the STF.

PM (Power Module) Board - (A)
AC/DC CPU MMC-DFB02-B Board - (B) Board - (C)

MMC-DFB03-B = MMC-MONO02-B

FPA/'I'i‘—

ks

7 16-bit DAC x 4ch
o —= § i w § Each board has a CPU (PPC),
A) 3 \ and the Linux-OS is installed.
o m——— usse s .« lt behaves as EPICS-IOC.
Digital FB Control

1 Board - (C)
Board - (B) VSWR Monitor for I/L
Tuner Control




RF Monitor Signals
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Basic Technique of digital FB Cont. S
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Evaluation of FB Control C

FB control performance was evaluated
by using a simulant cavity

Pgain=2, lgain=2.6x104 RF

FPGA
FB Cont

DY

DAC Sromen

a '
o
] -
.
. ‘ z
!

... Simulant Cav.

Slmu!ant 1 dBm +26dBm
B Cavity Q. ~3000
: (C°axgl~§%%%"at°r) This evaluation condition is more adverse than the

real operation for the stability.

KEKB ARES Cavity (Normal cond. ): Q.~24000
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FB Control Result
( Monitored Data by FPGA acting FB cont. )
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Very good stability was obtained.
The amplitude and phase stabilities are 0.03% and 0.02 deg., respectively.

The FB control performance satisfy the requirements very well in short term
stability.
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Temperature Dependency Eval. C
( Measuring of Long Term Stability )

SG @ """"""""" T Sy
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.". . ADC * Cont.

e Temperature dependency of the total system was evaluated.
e Output signal was directly returned to make FB closed loop with a digital filter.
e Output amplitude and phase was monitored by using a Vector Volt Meter (VVM) .
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Monitoring Result for 4 Days
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4} Not negligible!
Mixer amp. change LO phase drift

Temperature dependency of the mixer is This origins are RF devices in the LO
most effective. generation and distribution, such as a

band-pass filter, a balun, and so on.
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Record Results for 4 Days <
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Countermeasure for &

Temperature Dependency
( in near future ) @

LLRF System | .
LO & CLK Distributor | |

(ch1) - Q -Mod.

Ref

FB
Cont

Out

cav -_‘,’~_,:

For the amplitude stability, “Thermal Variable
Attenuators (TVA)” will be inserted to
compensate the mixer temperature dependency.
Then it should be evaluated again.

For the phase stability, the FB-control will be
calibrated with the reference in the FPGA. It will
be implemented in this year and evaluated again.
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KekKs
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Harmonics of AC power line S

<< Nol tage Spectrum .o SHIZK] HM3400)
10113 11019
Vs 105 V) T .0 vl ™: 0.9 [Z)

(2]} ¥ R R T
T ..t o, ‘ A S ST I
| S 1'Itis considered that the 650-Hz beat
' o | " is caused by 13th harmonic of the
“”g e s e AC power line.
13th SRR
m: harmonic | This effect is not so problem,
1F: . but, if possible, the countermeasure
1} (650 HZ) ~ - for suppression has to be studied.

Harmonic # of AC power line



Tuner Control Function on FPGA <

( Implementing now )
Board-(A)

~<¢(anc| FB Cont.

|IQ-Mod.

For SCC, also piezo will
be controlled together by

outputting analog voltage
I F Boa I'd '( B) signal from DAC.

PTG: Pulse Train Generator

Tuner-Control

Piezo .
Controller  §

* Motor Driver

CaVity Tuner




<

Summary

Prototype of the digital LLRF system for the SuperKEKB was developed, and
Its performance was evaluated.

Very good stability of 0.03% in amplitude and 0.02 deg. in phase is obtained
in FB control.

But, temperature dependency is not negligible: the temperature coefficients
are 0.6%/deg. C in amplitude and 0.3 deg. /deg. C in phase.

Future Issues

In order to reduce the temperature dependency, some countermeasures will
be implemented.

Tuner Control function in the FPGA is now under implementation. Its control
performance should be evaluated soon.

For very high current beam, beam loading compensation and detuning
control should be verified.
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ARES Cavity

3-cavity system stabilized with thetr/2-mode operation|

R *
W

Storage Cav.

Coupling
(}av.

-
~ v
9
>

HOM Damper

e Large stored energy (ARES, SCC)
e Suppress the CBIl associated with the accelerating mode.
e Bunch gap transient effect is reduced.

e Heavily-damped structure
e Suppress the CBIl due to HOMs

 High stored energy in the storage cavity operating at TE013 mode.
e Three modes for the three-cavity system

23



Super Conducting Cavity

Superconducting Damped Cavity for KEKB

DOOR KNOB TRANSFORMER GATE VALVE
INPUT COUPLER
H H LHe
GATE VALVE J
FREQUENCY
HOM DAMPER TUNER
(SBP)

HOM DAMPER
. ! /(LBP)

N2 SHIELD ION PUMP

0 05 Im
I T I I Y T I |

 Features
— Single-cell HOM damped cavity.

— Lower R/Q value and higher voltage than NC cavity: the CBI due to the
accelerating mode can be suppressed.

— Ferrite is attached inside the beam pipe by Hot Isostatic Press method.
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A
RG(Z//)

growth

<

'CBI due to the accelerating mode

Afy .»"'j;'e v

Detuning in storage rings,

- Resonant frequency of the accelerating mode
should be detuned to match to beam (optimum
tuning)

Af __1,sing, X(R)x !, I
2V, 0 4rU
In a large circumference ring with high
beam current,
- Large detuning due to high beam current
— Small revolution frequency
- High impedance of the accelerating mode

CBIl of -1, -2, etc. modes can arise,
growth rate can be very high.

To reduce the detuning frequency,
— Operate with high RF voltage
- High stored energy in cavity
- Reduce R/Q value of cavity
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The -1 mode feedback

e Beam current was limited due to the -1 mode S . ——
instability at 1 A in LER and 1.2 A in HER, much e i s '
lower current than expected. L X / ;

e The -1 mode digital feedback selectively reduces o wl [ Tl L Fediken
iImpedance at the driving frequency. 0360 DM o

ate

o After the -1 mode feedback was installed, the
beam current could be successfully increased.

FB OFF
— 40 fetm Frev fetimSrovtTsfa)
g I { /\ (@)
RF reference Klystron Circulator Cavity —_ = '60_/\ H _
- ( 'j s' | E »loom/ WMW WWW Wmm
s - N/ I 95 09 K097 09 095
' .Frequ.enc .f/frev. .

iw Phase shifter \
FB ON -1 mode sideband
) LPF | () e /
K i Pickup g T (b)
0 0 0 0 0 0° Electrode 'y 0 / \ Frtr frev + £
B Digitad =1 ERE
0 OF+0 5] 0 «-00 R e
. ’ ” . < ,s B | 1 1 1 1
0 -90 -90 -90 -0 v -1 -099 -098 -097 -096 -095
4 v Frequency Af/f,.,
) LPF @
Up conv. Down conv.

SSB filter Beam



e At the beginning we observed zero-mode synchrotron oscillation even
at a low beam current.
— The amplitude was about 0.5 degree p-p.

Zero-mode oscillation

— It is probably caused by noise in the RF reference line system.

e The amplitude is reduced by 15dB by the zero-mode damper.

-

Zero-mode damper
(analog)

Beam phase
detect @5SMHz

|

Filters & amps

|

Ring phase shifter

~

Sideband @fs

|

HER (damper OFF

SRR

SA851 'ill.Ll

!

HER (damper ON)

<
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Amplitude [dB]
10
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Pgain=2, lgain=2.6x1 04

Q.=3000] Aw=0

0

10k 100k

| ] F H
UM iow reaueney Hel

Delay:700ns
| T; Loop Delay = 700ns|

Gain|

-20

Delay:400ns'

X Latency in the FPGA :

-30

40

55 clock

Closed Loopl

Loop Delay :

Phase[deg.]
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180

Phase

Frequency [Hz
ot y [Hz]

Gain Mergin :

~13dB

-90

—180

Pmax ~2.2
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Pgain=2, lgain=2x1 0°

| ‘ . Frequency [Hz]
(P L L
iR Closed Loop| Q. =20000] Aw=0

Loop Delay = 3us

Gain Mergin :
~18dB

Pmax ~4




LO signal phase noise C

Agilent E8663D #UNY

LO & CLK Distribution Unit

7508.9 MHz

AD8345
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