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CONTEXT

CEA IRFU Involved in the control system of the following projects :

B |IFMIF : Injector, diagnostics, cavities.

B ESS : Injector, cavities couplers conditioning, test cavities demonstrator
B SARAF: Injector, cavities couplers conditioning, test cavities, rebuncher...
B
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CONTEXT

Similar needs :

B Analysis of the RF signal
B Automatic RF conditioning sequence.
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CONTEXT

Similar needs :

B Analysis of the RF signal
B Automatic RF conditioning sequence.
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C2A  CONTEXT

Conditioning concept

« All existing high power couplers exhibit severe outgassing and multipacting
barriers of vacuum and RF exposed surfaces, as a result of geometrical configurations and
surface conditions (material, contaminants, finishing).”

These problems can be overcome by design and different procedures like
cleaning, baking followed by RF Conditioning -application of RF power under various
conditions and in various configurations:

« Pulsing the RF with different duty factors

* In continuous wave mode (CW)

« as traveling wave mode

« as standing wave mode

«  Sweeping of frequency or RF power amplitude

Objective: to clean the surfaces from contaminants (molecular or particulate) and
minimize conditions for multipacting. During this process the QA of different coupler
components and associated instrumentation is obtained. »

Mircea Stirbet (Jefferson Lab)

RF Conditioning: Systems and Procedures | PAGE S



Cea CONTEXT
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CONTEXT

CEA IRFU standard method.

A conditioning sequence is composed of a set of cycles with the RF pulse
width increased at each cycle.

A cycle is defined by a RF pulse width and is composed of a RF power ramp
terminated by a plateau.

A RF power ramp is composed of a set of steps with the RF power increased at
each step.

A step is defined by a RF power value and a number of RF pulses.

A plateau is defined by a RF power value and a number of RF pulses.

N Cyc\e'____...-—-..._

o Platean, If the vaccum/temperature/leak
(PM/Pue-) defect happen we

 insist on the zone, by pausing

- the RF power or decreasing it

Y | PAGE 7
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ced CONTEXT

Example

30s 1m 5m 15m 30m 1h 4h B8h 1d 2d 1w 2w 1M 6M YID 1Y Live

1200 — PF704-RF:RFS-Kly-01:IncPwr-Cal:AVG -
—— PF704-EVRO:Pul1-Width-SP
—— PF704-EVR1:Pul1-Width-SP
1000 (]
800
S
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400 l‘"‘)
200
o L
12:00 15:00 18:00 21:00 00:00 03:00 0
Apr 5, 2019 Apr 6, 2019
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ced CONTEXT

Example
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EPICS MODULES TOOLKIT

CalibrationApp : is a support application module that allows to convert signal
data contained in waveform.

« Breakpoint table EPICS (non linear conversion)
« Standard

« Apply to RF power signal conversion
* Apply to Cavity field
» Polynomial function

file calibBPTPwr.template

{
pattern
{SIGNAL,
{"PF352-RF:RFS-KCirc-01l:IncPwr"
{"PF352-RF:RFS-KCirc-01:RefPwr"
{"PF352-RF:RFS-Kload-01l:IncPwr"

, NELM, RAWL, RAWH, EGU, PREC, BPT}

,16000,0,10, kW, 3, typeVtoDbmPCIRDIR}
,16000,0,10, kW, 3, typeVtoDbmPCIRREF}
,16000,0,10, kW, 3, typeVtoDbmPLOCDIR}

« $(SIGNAL)-Cal : waveform calibrated

« Records to configure signal (attenuation, field cavity,
polynomial degree...etc)



EPICS MODULES TOOLKIT

SignalProcessing : is a support application module that computes statistics
on a signal waveform. It manages cursors to delimit a pulse, uses thresholds
to delimit the area of interest and creates a compressed signal for GUIs.

file signalProcessing.template
{ 414
I o] 5| || ]| m[def= & |a]@| k]|
pattern 35
{ SIGNAL, NELM, LTHR, HTHR, EGU, SRATE}
{"PF352-RF:RFS-KCirc-01:IncPwr", 16384, 20, 200, mW, 250000 34

]| @

E33 g
* Records light waveform for GUI P e e e
« Records to configure cursors/treshold et cursor —Rught cursor —High shreshold —Low treshetd

» Records of statistics (max, avg, min, count of pulse)

» Some defaults detection (truncated pulse, wanted >t =it ot ek e
width, wanted power... etc)




EPICS MODULES TOOLKIT

ConditioningSeq : is a support application module that allows to execute a
sequence of RF conditioning.

C ("power", "PF704-RF:RFS-KAtt-01:kW")
("count","PF704-RF:RFS-Kly-01:IncPwr-Cal:Trig")
("width","PF704-EVRO:Pull-Width-SP")
("major","PF704-Cpl:DefaultMajor")
("minor","PF704-Cpl:DefaultMinor™)

("CIlth" "PF704-Cpl:DefaultCritic")

C ("exp","PF704-Cpl:Conditionning-01")

seq ConditionningWF "power=$ (power), countPulse=$ (count), width=$(width),
defaultMajor=$ (major), defaultMinor=$ (minor), defaultCritic=$(critic), Experiment=S$ (exp)"

dbLoadRecords ("SegConditionning.template", "EXPERIMENT=PF704-Cpl:Conditionning-01")

* Records to configure and monitor the sequence
« Handle generic defaults :

* Minor : pause the RF.

« Major : decreasing the RF

» Critical : Stop the all sequence
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EPICS MODULES TOOLKIT

ConditioningSeq : is a support application module that allows to execute a

sequence of RF conditioning.

epicsEnvSet ("power", "PF704-RF:RFS-KAtt-01:kW")
epicsEnvSet (

epicsEnvSet ("width","PF704-EVRO:Pull-Width-SP")
epicsEnvSet ("major", "PF704-Cpl:DefaultMajor™)
epicsEnvSet ("minor", "PF704-Cpl:DefaultMinor™)
epicsEnvSet ("critic","PF704-Cpl:DefaultCritic™")
epicsEnvSet ("exp","PF704-Cpl:Conditionning-01")
seq ConditionningWF "power=S$ (nnwer)

defaultMajor=$ (major), defaul

~rAint Pl ea=S (~rriint)

"count","PF7/04-RF:RFS-K1ly-01l:IncPwr-Cal:Trig")

widA+th=8 (wid+h)

record(calc,"$ (SECTION) -$ (SUBRSECTION) :DefaultMajor") {

field (INPA,"S (SECTION)
field (INPB, "S$ (SECTION)
field (INPC, "$ (SECTION)
field (INPD,"$ (SECTION)
field (INPE, "$ (SECTION)
field (INPF,"S$ (SECTION)
( ( )
( ( )
( ( )
( ( )

dbLoadRecords ("SeqgConditionni

Records to configure a
Handle generic default
Minor : pause the
Major : decreasing
Critical : Stop the 1

field (INPG, "$ (SECTION
field (INPH,"$ (SECTION
field (INPI,"S
field (INPJ,"S$S

[ ]
ECTION

ECTION

Q
(=]
Q
o (=]

field (PINI,"YES")

SUBSECTION
SUBSECTION
SUBSECTION

SUBSECTION
SUBSECTION
SUBSECTION

UBSECTION
UBSECTION

S

( )
( )
( )
(SUBSECTION)
(SUBSECTION)
( )
( )
( )
( )
( )

-9
-5
-9
-9
-5
-9
-9
-5
-$
-9

Q
(=]
Q
(=]

field (CALC," (! (A && B && C && D && E

:VAC-PwrC-01
:VAC-PwrC-02:
:VAC-PwrC-03
:VAC-PwrC-04
:VAC-Ves-01:
:VAC-Cav-01:
:VAC-Cpl-01:
:VAC-Cpl-02:
:VAC-Cpl-03:
:VAC-Cpl-04:

&& F)) [

:PresDefault
PresDefault
:PresDefault
:PresDefault
PresDefault CPP")
PresDefault CPP")
.SEVR CPP")
Pres.SEVR CPP")
.SEVR CPP")
SEVR CPP")

Pres

Pres
Pres.

(G + H+ I +J)>0?21:0)

H)




EPICS MODULES TOOLKIT

SaveRestoreApp : is a support application module that allows to save or
restore the current state of a list of PVs.
« Based on autosave file format (and code)
« *sav file
« *reqfile
» save/restore operations performed by I0OC records
» Restore SNL sequence for sub-sequence

Beginning
"defect" ,"PF704-Cpl:DefaultCritic") 1
"loadFile","PF704-Cpl:Conditionning-01:PathSav") e o |
"start","PF704-Cpl:Conditionning-01:Rdy—-Seq") L J
"exp","PF704-Cpl:Conditionning-01")
b 4
g ™
seq SequencelLoad f/ﬁx Load file I )
"defect=$ (defect), loadFile=$ (loadFile),isSeqgStarted=$ (start),Experiment=$ (exp)" / ::::[:::
|

[ ' ) ™
| Wait5seconds |

'SaveRestoreC.template", PREFIX=PF704-Cpl:Conditionning-01) | 1

'Segload.template", EXPERIMENT=PF704-Cpl:Conditionning-01) g ™
| | Execute sequence |
hN

* Records to configure and execute the sequence \_ [ Enassauence )
TN vy

M= Mumber of fil

{

End
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EPICS MODULES TOOLKIT

SaveRestoreApp + ConditioningSeq

M==MNumber of files

| Beginninc |

Load file I

Wait 5 seconds

Execute sequence

End séguence
! M+1

M= MNumber of fil

| wiath

power=Pmin
sar=0 |

A

Defaut critig

width=widths[a]
countCycle=0 )l

Ilanual stop|

countCycle++ N
=widths[countCycle: |

Manua

stop|

defect criticimajorminol

v

plateau

power=0

{ power=power-Step \
| if (power=plancher) power=planche "l

\’ nominal

| power=power+Steg \‘|

hen count pulse OK



EPICS MODULES TOOLKIT

SaveRestoreApp + ConditioningSeq

30s 1m 5m 15m 30m th 4h 8h 1d 2d 1w 2w 1M 6M YTD 1Y Live

1200 — PF704-RF:RFS-Kly-01:IncPwr-Cal:AVG
——— PF704-EVRO:Pull-Width-SP
—— PF704-EVR1:Pull-Width-SP
1000 ]
800
4
Z 600

K | | —
| | :
w / |

0

12:00 15:00 18:00 21:00 00:00 03:00 o
Apr5, 2019 Apr 6, 2019
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file1.sav file2.sav file3.sav file4.sav file5.sav etc...
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Ce APPLICATIONS

Slow acquisition ‘ datas

execution

Y

Save/Restore

A

execution

=tatistics

Specificic process

waveform seq configuration

Driver Card X

statistics defauts

waveform
execution

\d
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ESS
test stands

SARAF
test stands

APPLICATIONS

‘ datas

‘\_SIEMENSJ
"BEGKHOFF'}

Modules datas

_Ether€AT ‘

QEIXCIE‘; |-

TECHMUOLOGIES
waveform

FCTFAG™ ™
ADC3111

VMEbus

Yy

waveform

Tocraghgr

waveform

‘ datas

statistics

statistics

‘:_SIEI\P;ENSJ

Modules datas

BECKHOFF |
%ﬂodbué

EIXEIS

FELCHMNO LU GIE S
121‘0’“F€1\4‘1‘0
ADC3111 /| ADC3INMT

waveform

Yy

waveform

VMEbus

Tachmalage

waveform

uTCA®

statistics

statistics

Specificic process

Specificic process

execution

Save/Restore

seq configuration

defauts

execution

execution

Save/Restore

seq configuration

defauts

execution

execution

execution
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Ced APPLICATIONS

1o
o
H datas
(=]
g
: —_ Y
g =ik tion
} execu
PLC SavelRestore
_ADAS' execution
I F M I F .......... statistics o
Specificic process
Cryomodule (V108178 ‘ seq configuration
waveform statistics defauts
VMEbus i
- Trarapgr - execution N
» Ll
N—
LLRF ‘ Power

= Solulions



~~>>  SPECIAL CASE

B IFMIF:
B Coupler 7 can’t handle some power area

power
Plateau

ERR<7/

Ry -

time

v" Monitor the power in the sequence -> can apply some external rules (calcout,
aSub, other clients...)
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Demo (if gif can be displayed...)

o - - 3004
Configuration cycle Simu o]
Min 15 kW Power [15 0 260
Max 120 kW 240
220
20 kW
Plancher Samples lroo 2003
Step up 10 kW Pretrig |7-100 Zaso
Step down 10 kW 2100
. WidthRB  [300 10
Widths 50 . . e E 1]
minor  major critic <
Max width 1000 ps 1004
@ & @ E
Step time 1,00 z —
Plateau time 1,00 s 242 0 ]
L Frequency [l 0 R =
Inflnlte :ycle OFF‘ G 1 I{_ T T T T T _—1 T T T T T T T T T T T 1
0 50 100 150 200 250 30D 350 40D 450 500 550 60D 650 70D 750 BOD GBS0 SO0 950 599
Primary X Axis [0)
A ™ En cours : 0.0 | Labo-Simudisc -device:signal |
70
50

Iif 0 [2_SeqSW2Hz.sav ﬂ

3_SeqSWiaHz.sav
4_SeqSWeHz.sav

‘ 5_SeqSWI14Hz.sav -

|.’hc-mefagaget."SequencesDemoﬁSequenceﬂ g

L
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ECCTD ESS

Will be introduced at ICALEPCS

Conditionnement Coupleur

Conditionnement
Test cavité
Configuration
Scope numérique
Timing
RawWValue

Vide iso
Vide cavité
Cryo
Porte
Rayon X
Coupleur 1
Coupleur 2
Coupleur 3

e EEEEe

Coupleur 4

MEUTRON 00010 pSwh

CAVITE  ©0.1003 pSwh

HRAY 00994 pSv/h

Synthe RF L
Acquittement
BAIE ECCTD
Acquittement
BARGE 704

Pilotage RF |Distributien RF

Coupleurl |Coupleur2 |Coupleur3 |Coupleurd

Graphiques
Fubsances inc / ref
Tension Cavité

PickLp/PM

Affichage

Détache

Cavité 2

]

Il

[® tempruBez |[sssss« |.‘_;‘I

PUEZ
1.00E-6 mBar
5 W YACZ | 0,00E0
4 PMAZ

0.02 MV/m

ECAV2
——B=pyRF2

4 pmMmy2

0.00 kW 0.00 kW
PIDIR PIREF

1 E

&

@ Enucrz

¥ - Vide lso-— DEQ mBar
TEMF2 292,45 K

L ycay C.00ED mBar

CAVITE ¥ 0,1000 pSvh

Interlocks
PUE
PMV
PMA
Vide coupleur
Vide iso

Vide cavité

PKREF
Eau

Porte

CeeeeEEOCELG O

Rayon X

Seuils sécurité

PUE E.oooo v
PMV  [2.9900 v
PMA o, 0900 v

Sauvegarde séquence

Sauver Charger

i’optfepics.fmodulestCCTD_ContrDLu’l.E. =15

l’optfsharedfdatafECCTl: =]

Actualisar

Y

1_5eq5W1Hz.sav
2_5eqSW2Hz.sav

3 _SeqSW4aHz.sav
4_Seq5WaHz.sav
S5_Seq5W1ldHz sav
6_S5eqSW14Hz_300kW.

A

Sequence conditionnement
Min |10 kKW
Max 100 kW
Plancher [20 kW
Pas montée |10 kW
Pas descente |10 kW
Steps
Durée palier |0,00 s

Durée Plateau (0,00 s

Sl HGRER

Dernier cycle
infini
Fréquence de
répétition

=
o
o
ac
i

Frecizion

Puissance 10 kW IW
Largeur 50,000 ui20 %
0,0000EQ ms

i

Frequence

Tronqué PLue

Type Séguence

Avancée v

Arrété.
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SARAF Rebuncher Test Stand (F. Gohier, Y. Lussignol)

£4 SL-MBT-RBN1 £

SARAF Rebuncher Test Stand

Configuration
RF Control
Tuner Control
Data Acquisition |
RF Conditioning
A A\
Interlock | uincstat | URefStat
Q @

Defects
Alarms

Interlocks -

RF Power / Pickup Plots

il Data Acquisition 33| @ ©, 100% v &

Data Acquisition

2,50E5 samp/s

Sample rate 2,50E5
16384
N samples 16384 65,536 ms

Pre-trigger 0 0 OO% ms

Master signal compression Factor 16
Slave signals decimation Factor 1
Slave signals compression Factor 1

RUNNING

_ON | _RUN |

Trigger counter 1503

v [

SARAF

o

Rebuncher

C

Q (&)
i~ Pulse Width
From | 10,0 ms

To [ 400ms
Arithmetic Progression 5,0 ms

Arithmetic
Geometric Progression 1,50

— RF Power

From ’m

To [30,000kW_

Floor ’m

Arithmetic Progression ’W
Geometric Progression ]T
Decrement ’W
steplengthinpulses [ 1
Plateau lengthinpulses [ 1

Arithmetic

B |i# RF Power Plots %

Width

Pulse

& =008 v = = 8

RF Power Plots

Effective width Left cursor Right cursor

@ @10x v |& v >

0,02 - 309

0,018 ®
= .20
EU‘ULD g

] 215 -
S0014]& J;HJ I F——
o 10 60 65,54
129 ¢
001 4 04 T T T T T
0 10 20 30 40 50 60 70

Defects

Alarms

Pulses count
Continuous mode | NO

State

STOP
START
PAUSE

Exit status STOP.

Remaining time

Data File Vdata/conditioning

RUN ‘

{8 Configuration

Vac,

Vvolts

:
Average Average
1582 & k
Max Max K
| oomw ] (S1e2 ] 559V ] > 4
Min Min
0,00 i s 550V 2 1
High thr High thr
200,00 mW [/ 1,0038E- T T T T T Al 800V -0 T T T T 1
o 0 10 20 30 40 50 606554 | Lowthr 0 10 20 30 4 S0 606554
30,00 MW ms 4,00V ms
Average
15822 ]
Max
oo ] 12 ]
Min

Configuration

/Temp/Water | RF Power Calibration |Save/Restore
5,54

Te——————
e ———————
5 1

05 4

12 RF Control 58 = B

v &

©100% v & ©

RF Control

RF Output
RF ON

Frequency | 0,009 MHz
Level [ 0,000 kw

0,009 MHz
-120,00 dBm

Pulse
Pulse Modulation ON
Pulse Generator ON

Frequency | 10,000 Hz
Pulse Width 0,020 s

0,100 s
20,00 %

§& Interlock 82

@ @ |100% v

0,

A A A AR L LR e Aaaa A Laa s A as Aans )
0E0 1E3 2E3 3E3 4E3 SE3 6E3 7E3 8E3 OE3 1E4 1,1E412E413E4

iceives W utries

vfull [10000 | [10000 | [10,000
Voffset[ 0100 [ 0300 [ 0000
Average

T
1,5E4 1,6383E4
URefStat

(g Flowi |
(g Flow2 |
(G Flows |
(Gl Flows |
(g Flowa |
C ETE
(o8 Door |
(g uTrsstat |
(G Uincstac |
(Gl URefstat |
(G PuEstat |
(G Vacstat |




ESS :

B Coupler Cavities Test stand (x2)

B RFQ couplers

B ECCTD : Elliptical Cavities and Cryomodule Test stand Demonstrator
B RFQ Conditioning (sequence used by E. Trachanas)

Saraf:

B C2TS : Coupler cavities Test Stand
B ECTS : Equiped Cavities Test Stand
B RBTS: Rebuncher Test stand

B Cryomodules (future)

IFMIF LIPAC:

B Sathori : Equiped Cavities test stand
B SRF : Cryomodule conditioning on site



Thanks for your attention

alexis.gaget@cea.fr




