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LLRF.-System Performance
at S1-Global in KEK

Takako Miura (KEK)



S1-Global ir

S1-Global : International collaboration
to examine cavity performance for ILC.
Sep,2010 ~ Feb, 2011 @KEK-STF.

Total 8 SC cavities are installed into two half-size cryomodules,
which are similar to the planned setup at ILC.

S1-Global Cryomodule (8 cavities)
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g 5 () HLRF schemes for ILC u'.':

» RDR: Reference Design Report of ILC Layout in S1-Global
One klystron drives 26-cavities
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(10 MW, 1.6 ms)
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© DREFS: Distributed RF Scheme
Each klystron drives 2-cavities in circulator-less PDS
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1Klystron feeds power to
2 cavities.

(Back—up)

1 DG power supply and MA modulator
drive 13 klystrons.
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LLRF Studies in S1-Global ,",'.‘,‘

Contents
S1-Global (RDR)
E Diagnostics
— Fast quench protection

— Real time detuning monitor

B vector-sum performance for 8 cavities

S1-Global (DRFS)

E Diagnostics

- calculation . .
QU — without circulators

E vector-sum performance ]
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-"-T-f@ Photos of S1-Global (RDR-type) "'5

5 MW klystron
(1.3GHz, 5 Hz, 1.6ms)

LLRF
Tunner controllers digital FB system
& monitors (vac., power) & Interlock modules
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Klystron Hall Cryomodule & WG in the tunnel
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LLRF digital FB system it

cPCl digital FB board

FPGA board is a daughter card of a commercial DSP board.

ADC-inputs 1,Q DAC outputs
(Multi-connector) T T
K

CPU  Digital FPGA digital
10ch 16-bit ADC (LTC2208) 2ch 14-bit DACs (AD9764) board /O board FB board

FB calc. == FPGA

Complex calc. like derivation of Q,
Data communication

oo os
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735@ Loaded-Q interlock for quench protection ,','.':

Loaded Q (Q,) interlock system was installed to quit RF quickly in quench occurrence.

RF OFF
jex 10 cavity | l ~___— Qs calculated from decay curve.
| Filing/!  Flattop Tw
1 N : Sl _t
2.: ............... i ................... i .............. _ Vcav X e /T’ » QL = —
AR B T R
1_..I .............. I ............... ................... I .............. QL Of eaCh Cav'ty IS Calculated |n DSP On the
05 5msi ............ 1ms ........... e cPCIl FB board.
oL A i .'I
0 500 1000 1500 2000
Time {us)
o AR A 3
o QL Threshol d - sm;& When que_nch event is detected,
R é — by QLlnterlock ] RFI operation stops at the next
O P uise.

0'?41 1;42 143 144 145 1&6 1&7 148
Q, interlock worked well and contributed to the stable cryogenic operation.
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g (Q) Real time detuning monitor ,','C

Superconducting rf Test Facility

Correction of the dynamic detuning in real time is effective to good RF performance.

<Examples of detune curves>

Without correction by Piezo tuner With correction by Piezo tuner

N : : : : o ~ 200

T oo ... ] Dynamicdetuningis T

= b 5 // seen at flat-top region © 100 _ Dynamic detuning is
C ol .. S 0 well corrected.

3 =

3 LN / B 100 i

O ®r—m w we 0 1000 2000

lirng

time

Real time detuning monitor is quite helpful to adjust the Piezo tuners.

(Derivation of dynamic detuning ) Detuning is derived by _ QI=2.18 df=10Hz
using these 3 signals; £ o = -
Veav = Vfor + Vrefi . %
. Vcav. Cavity voltage = 10!
&Vcav = _((‘)1/2 - jAw(t))Vcav + 2w1 2 Veor Vior CaVity_ input voltage ) E 0 :
\ J Vref . reflection voltage from cavity (D 0 1000 2000

" : : time [us]
For 8 cavities, total 8cav x 3 = 24 signals are required.
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Data taking by IF-MIX

Advantage: 24 signals required for detuning monitor were taken
with only 8 ADCs by using IF-MIX

IF-MIX: method to input different IF-signals into one ADC

N
f”: = Z(MJ fSR (Sampling rate of ADC : fgg= 40.625 MHz)
N
IF1= 4.514MHz (N=1, M=9) _
IF2= 9.028MHz (N=2, M=9) =) |nput into the same ADC.
IF3=13.542MHz (N=3, M=9)
Results of 3 waveforms taken in

Each signal is derived by Fourier expansion one ADC by IF-MIX

20
2 ~ Vcav
| =— > X;(n)-cos( n)
P v 10 or
2 ~ _
Q=ﬁ2xi(n) sin( v -n) 0 ;
n= 0 1000 2000

time [us]
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Result of vector sum operation

Average acceleration field=25 MV/m
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These results satisfy the requirement of ILC, 0.07% and 0.24°.
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S1-Global (DRFS) ie

The first test of DRFS for ILC was conducted at the end of S1-Global.
o\ dity =N

MA modulator

B Two Kklystrons with modulation anodes(MA) were connected to a DC power supply and
an MA-modulator .

E Each klystron drove 2 cavities. (KLY#1—>C1+C2, KLY#2—>A2+A3)
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i 5 () WG system in DRFS u’f

Superconducting rf Test Facility

Circulator-less operation using Magic-T [

-
In DRFS, klystron \_.
reflections from 2 similar cav. are canceled by magic-T. :
Therefore circulator is possible to be omitted.

In the case of un-balanced reflection(amp.,
phase), reflection power go to the klystron.

Therefore performance should be checked. Dummy load

_ _ _ _ _ Phase T - Phase ? -
S1-Global examined this situation as described shifter shifter
later.

Phase-shifters are introduced to
evaluate the system. (not to be used
at ILC-DRFS
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Ir31f®

Superconducting rf Test Facility
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P LLRF rack is located near the
cryomodule.
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uTCA FB system

E  uTCAdigital feedback system are
used for DRFS.
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AMC(Advanced Mezzanine Card) ~ RF gate

The board has been developed for
cERL-project (CW operation) at KEK.

For DRFS, the logic was changed
for pulse operation.

Power Module MCH UuTCA1l UTCA2
(for KLY#1) (for KLY#2)

Data communication is performed through
Gb Ethernet bus at the backplane.

EPICS was installed in the digital board
for communication control.

EPICS: Experimental Physics and Industrial Control System
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Schematic diagram of LLRF system ,','.':

Superconducting rf Test Facility

Analog filter
I 10 MH X . -€—L0=1310 MHz 5 |€4— 1300MHz I
z S CAV1 S
M tle = g3
5 2 1300 MHz 3 Q
o § A =
— O mp.
] < CAV2 Klystron DIO (RF OFF)
. cos@(t) sine(t)
80MHz {-}t CLK A.(COSQ sing oot LFF A(t)<—sin<ﬂ(t) cosw(t))
—sind cosd Table Table Delay o Co
LT62208 _Correction _ Vgﬁ:r m Gorrectl(ﬂ v AD9783
cavt | ot e h— (AU o o P i — e
| ] e Delay
] ] o{}o —| '—’ —-| DAC >
AV2 I : D * Q Q =
C ADC Q Q Q D|g|tal Filter |_—|: + Limit
l | —
Q.FF
Kly Vie #1< ADC Q_Set Toble Power PC
Table - DAC
N IR Filter Linux
Kly Vs #1<ADC FPGA EPICS 10C
AMC Digital Feedback Card TG" Ethernet
Wave Forms v Set Parameters

lIR filter : 35kHz~150kHz LPF in normal operation

<Latency of FB board>
¥ 8/9nmode —> rejected ADC : 7.5 clock, DAC :15 clock @ 81.25MHz
F  noise in ADC-input IQ separation & Correction : 5 clock@40.625MHz

Calculation in FPGA : 23 clock @ 81.25MHz
Total 55.5 clock @ 81.25MHz (0.68 ps)
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713@ Sag-compensation "'.':

Since bouncer circuit was not installed klystron output for flat 1.6ms-width RF input
due to budget shortage, there are 8 % e
droop in HV. 195/ .
D b 19- o
< > Kly #1° Beam Current £ g
4 2ms 2 |
i o Kly#2 Beam Current ol U
175 -10
200 400 600 Tiﬁritle (‘:JSD)D 1200 1400 1600 200 400 600 TiE:qDe (‘I:ISEI;:J 1200 1400 1600
Anode Voltage Especially, phase rotation is too large to
suppress by feedback only.
o -
| =" A Cathode Voltage Correction Table
HV. ~8% droop 108 | | | ‘ | | | | ISTFu'I'ICP.2—I?'.-‘k\.-‘—?201—':‘Q—FF‘]DDUD.?SV |
| Amplitude |7
. 5 ST S A N S S A g
Sag compensation was performed S ik 5
at before the DAC-output YN T N S N £
A(t)( cos@(t) sin go(t)) N £
—sin@(t) cosp(t) T
200 400 ﬁDDTi:]S (LDSD)EI 1200 1400 1600 200 400 EDDTi:]S (LDSD)EI 1200 1400 1600
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AL Result for circulator-less operation il

L

(When reflection is not canceled or large, circulator-less system should be checked.)

Typical Operation

B Low reflection : VSWR~1.1

20

Operation under different detuning ~ Af1 > 42

~130Hz

B Large reflection: max VSWR~3

2 2

=10 ‘ Stability 5

s 0.015% rms, z

0 5 cavt 0.06deg.rms

cav2
—V8
0 ‘ ‘ ‘ .
0 500 1000 1500 2000 cavity eq.
time
2 2
Q, = wO(Vfor B Vref)
L=
Feb24-longcPCI-9000  Fjqy2 62decayQi268 d V|2

20 ‘ 5 : dt
3 B Lo e 4 7 —
£ s Qu by cavity eq. §
£ 10 : Both are same =
& sl . 8 |Q, by decay resullts. 5

1 4
! L 0 i
0 1000 200 200 300 40
time [us] time [us]

20 ;

—
on

on

|| ——cav
: cav2
1 vs

0 500

25

1000 1500
time

2000

Vector sum is still regulated
stably. (0.04%rms, 0.06deg.rms)

V;,, exists even after RF-off

Feb24-longcPCI1-7600

20

15}

10}

1000
time [us]

2000

Reasonable
FillQl:2.62decayQl:1.6 value

/

'Q_by cavity eq. , Wrong value

=~

g

=3

g

B 20

g Although simple Q,
"0, by decay calculationis

. | useful for interlock,
200 300 400 this is not sufficient
fime [us] for diagnostics.

Therefore, under circulator-less operation, vector sum operation and Q, diagnostics using cavity eq.

worked well.
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Ip519  Feedback Performance in DRFES u’u':

uperconducting rf Test Facility

uTCA2: HV=67kV, IIR=35kHz , Vector-sum Operation for Cavl,cav2
FB + FF Operation

« 10 DM7212% rms B200-1600 4 00293568deg rms @200 — 1600
28 S A S P il S S
26 ) U A A S S
o 234 e T
E a0
£ o I e o e e EEL e
£ o
=T a9 i I e
oon| I ‘-.-’ectl:urSl.IJm : | o] EECEEEEEES ----é---------;—---------i ----------
’ cavl ! ' ' ! ' '
206 Caw? : : B ) I E"'"""*.' b eemeeeeo : __________
a0 1000 1200 1400 1a00 o 300 1000 1200 1400 180r
Timelus) Timelus)
Stability : 0.017% rms in Amplitude 0.03 deg. rms in Phase

These results satisfy the requirement of ILC, 0.07% and 0.24°.

LLRF system worked well without trouble in this machine-time despite placed
in the tunnel.
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Summary u’f

S1-Global successfully completed operation in February, 2011.

Various diagnostics such as on-line quench pulse detector, dynamic detuning
monitor were also implemented.

The digital FB system using cPCI or uTCA are adopted for vector-sum field
regulation.

The vector-sum performance satisfied the ILC requirements.

Circulator-less system operated in good stability and
Q. diagnostics worked well even in the large reflection condition.

Following operations are planned in future

Beam Operation will start at STF in KEK.
B Quantum beam project will start from Jan.2012. (10 mA, 40 MeV)
B STF-2 project will start from April 2013. (8.7mA, 273 MeV)
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Thank you for your attention.
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Cavity equation il

B The cavity should satisfy the differential equation.
B In addition directivity (~20dB) of rf monitor-coupler should be concerned.
-> The directivity can be corrected using this formula.

V=-— (ool — jAoo) V + 201 Vo,
2 2

Veay — jA®Veay = 071/, Vgis
Vait = Veor — Vet

Veay — JA0Vegy = @1/, Vgt

Vce;v R TAWVy = Wy /2 Vdifr

Vcavl - A(’l)vcavR = W1/2 Vdiﬂ

2 a VP
W1 =5 2
2 Vfor _ Vref
Q = W (szor o Vrzef
1= d
il 2
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