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Linac4 LowLevel RF

Longitudinal painting : Chopper-PIMS-Debuncher
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Linac4 LowlLevel RF

Longitudinal painting “actors”

45 keV 3 MeV 50 MeV 102 MeV 160 MeV

352.2 MHz

Chopping pattern

Voltage modulation
(PIMS11, PIMS12)

Phase modulation
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Linac4 Chopper - CTU

“Chopper Trigger Unit”
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- 2F Veto | ——@——» LLRF Veto ~———_ Monitor 1 —
’7 ; Monitor 2 Oasis+——
S o —— StartChopper ADC  pronit 3 | -30d8
= £ 5 2 2 Hor dle
b 2 E&' §' § —» StartChopper Monitor |
¥...=3 0O O |
INJ RF REF 2 2 = &£ £ Power VETO+— Puise i
(~1MHz) 4 ¥ - i i — Amplifier |
BI4X.SCHOPPER | =~~~ 4L
—_— o] Pulse
z 2 :(_' 9 Ampilifier
o : El E El £
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Linac4 Chopper - CTU

Simple chopping pattern algorithm (periodic)
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Linac4 Chopper — CTU

Simple chopping pattern algorithm
- LN4:CHOPPER Working set (Chopping pattern)

D1 - (INCA)
E View References Archives Commands Control Programs Help
S+ & 01 Jul 2016 17:26:31 LN4 - 02 Mg} | olga_cycle_V1 ¥ RBA: no token 0 -
wig OIR T A
JAPC view
ALLLACTURiIng Time O0ffset Time On Time OFF Inhibit Forc...Inhibit Forc... Inhibit Opti... Inhibited
. L4L.CTU. CHOPCAGE . RTHG1 1000 1000 98000 false true true true
Oppl ng pattern el | 4L . CTU. CHOPCAGE . RING2 10000 10000 80000 false true true true
L4L.CTU. CHOPCAGE. RING3 1000 1000 98000 true false true false
L4L.CTU. CHOPCAGE. RTNG4 10000 10000 BOO00 false true true true
LTIM Pulse Event Start Delay Clock Str. AgqnUTC AqniC AgnCNano
L& WCHOPPER Enable BIX.W10-CT 28000 10MHz 14673867828 274 274800000
La4X.STARTCHOPPER Enable BIX.W10-CT 98500 10MH=z 1467386789 274 274850000
- - L4x.SR4CHOPPER Enable BIX.W10-CT 100000 10MHz 1457386789 275 275000000
‘ h O e r tl m I n S —— || L4 SRICHOPPER. Enable L4X.R4NT-5UM 100000 10MHz 1467386785 275 275100000
L4X.5R2CHOPPER Enable L4X.R3NT-5UM 100000 10MH=z 1467386789 275 275200000
L4X.SR1CHOPPER Enable L4X.RZNT-5UM 100000 10MHz 1457386789 275 275300000
L4x. STOPCHOPPER Enable BIX.W10-CT 104500 10MHz 1467386785 2¥5 275450000
LTIM Pulse Start Delay Clock Str. AgnUTC AgnC AgnCNano
. . L4X. CHOP-TRIG Enable BIX.W10-CT 10 1KHz 1467386789 275 275000000
Obsolete timings ———— oo
L4x. CHOPON_CHALL -
Rl
4] [*]
=i
No Exception to display...
| ‘

=> Simple chopping pattern algorithm (working set)
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Linac4 Chopper - CTU

Complex chopping pattern algorithm
Direct access to the Chopping pattern tables (FESA class property)

RING#START ::|
1

RF

RF DIV

Need higher level application to compute the chopping pattern
Resolution: 1bits = 1/352.2MHz
LSB first
Last bit shall bit “1’

1/Fgre

Chopping pattern

tables (4x)
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o Ton

TDFF
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0 00 0 O
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110 0 O

Ring # pattern
1% raw (8bits)

Ring #

27/10/2016

2™ raw (8bits)
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Linac4 Chopper - CTU

Complex chopping pattern algorithm
- FESA class spec on EDMS (doc n° 1729215)
- FESAclass ALLLACTURINgG

- 4 devices (1 per ring)

Mode — Custom

ALLL4CTURing version 1.2.1

ALLL4CTURingl.2.1 r Global

Navigation Tool 2016-SEPTTS(v3.0.140)

Launcher Load WatchDir

Device Selection

9 [ ALLLACTULDU. cfv-400-allchopcage
X [BY L4L CTU CHOPCAGE RING2
] ‘ CHOPCAGE RING
8 [BY L4L CTU CHOPCAGE RINGS
[BY L4L CTU CHOPCAGE RING4
L) [BY L4L CTU CHOPCAGE RINGI
2

Cycle Selection

® | N4 USERLHC SU_A
® N4 USER.LHC SU_E
® N4 USER.MD1

® | N4 USER.MD2

® | N4 USER.MD3

® | N4 USER.MD4

® | N4 USER.MDS

| »

[

4]

Property Selection (dbl-clk = new)
® Acquisition

4l ® AlarmDetails
z

IC

2| = PanernCustom
® PatternCenerated

-

Class ALLLACTURIng
Version 1.2.1
FEC ALLI4CTU_DU.cfv-400-allchopcage

Device L4LCTU.CHOPCAGERING1
Cycle LN4.USER.MD1
Property PatternCustom

¥ RBA: no token

Navigation Context

L4L.CTU.CHOPCAGERING1 MD1 L4LCTU.CHOPCAGERING1 MD1 ‘

PatternMode PatternCustom

Property Value

fhi [] cycleName

& [] mode Generated |v
Generated
Custom

Viewers srch

| Get | | et Next publishea Set -

| T T T e e e T

There are no active viewers

No help available

history
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Linac4 Chopper - CTU

Complex chopping pattern algorithm

CERN

FESA class spec on EDMS (doc n°...)

FESA class ALLLACTURINg

4 devices (1 per ring)

Integer array
(4096 x 16bits)

Max ring length 186us

ALLL4CTURing version 1.2.1
ALLL4CTURing1.2.1 rGInDaI

Navigation Tool 2

Launcher

Load

WatchDir

Device Selection

¢ (23 ALLL4CTU_DU. crv-400-alichopcage
E [BY L4L CTU. CHOFCAGE RING2
G OFC,
|5) L4L CTU. CHOPCAGE RING3
|5) L4L CTU. CHOPCAGE RING4
|0) L4L €TU. CHOPCAGE RINGI

Cycle Selection
L4 USER.LHC _SU_A =
L4 USER.LHC _SU_E
L4 USER.MD1
LMN4.USER.MD2
L4 USER.MD3
LMN4 USER.MD4
L4 USER.MDS

[
LR

1]

Property Selection (dbl-clk = new)
Acquisition

[»

4l AlarmDetails
“Te marm
® Diagnos ng =
* Inhibit
4| = PatternCustom ||
® PanernCenerated =
Class ALLL4CTURing
Version 121
FEC ALLLY4CTU_DU.cfv-400-allchopcage
Device L4LCTU.CHOPCAGERING1
Cyde LN4. USER.MD1
Propery PatternCustom

¥ RBA: no token

27/10/2016

Navigation Context

!_ L4LCTU.CHOPCAGERING1 MD1
PatternMode

L4LCTU.CHOPCAGERING1 MD1
FatternCustom

Property Value (3,204 b)- Wed Oct 26 17:32:41 CEST 2016

i []oydeName  [LN4.USER.MD1

i [v]table array-int16_t

Viewers

Srch

e[|

| Get

| | Getnextpublishea | |

Subscribe |

Table view on L4LCTU.CHOPCAGERING1 @LN4.USERMD 1:Pattern Customiable

(11

3

FEEEEEEEEEE

-

4]

|»

history

LLRF Longitudinal Painting

9




Linac4 Chopper - CTU

Ring Inhibit

1 asy

nchronous interlock per PSB ring (optical fiber)

Ring sequence not affected

«START CHOPPER» «STOP CHOPPER»
«Ring 3 Start» «Ring 1 Start» |
CYCLE START [ «Ring 4 Start» «Ring 2 Start» «TAILCLIPPER» | Inhibits
A | | | clear
| [ |
Beam | | |
(pre-chopper) [ Head Ring 4 Ring 3 Ring 2 Ring1 | Tail [
| | |
J | | >
| . R [ [ Time
| Ring 4 inhibit | !
A I / I | |
| I !
0K -
Ring4Inibit | | |
o ol AN I T
, - OK f i | :
Ring3Inibit { oK | | / [ |
nOOK 7777777777 R R r 4 - 1= T T ) ) o
Ring2Inibit ' ' / \ : JR Ring 2 inhibit
notOK | |l Lr_f__ _ | ____L | —
Ringtinibit O i : : (next cycle)
notOK . A/ _ - _
] | [ |
. R | |
Ring 1 inhibit | !
| — |
oN [T T T T T T T T -
o (chopping) |
opper Lo |
(beam) | .
| |
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Linac4 Chopper - CTU

Ring Blanking (nb turns=0)

BEAM

Chopper

From timing

Ring sequence affected

Tlmlng prioritization: TailClipper — Ring 1 Start — Ring 2 Start — Ring 3 Start — Ring 4 Start

CYCLE START

ON
(chopping)

OFF
(beam)

A

A

«Ring 3 Start»  «Ring 1 Start»

Ring 2 blanking
Ring 1 advanced

«START CHOPPER» «STOP CHOPPER»
«Ring 4 Start» «Ring 2 Start»  «T, LIPPER»
| | |
| : : :
| [ | [
| | | [
| | | |
| | | |
| I | I
| | | | _
| | | | Time
A l : ! PSB ring:
: | : change
| _"—‘*
Time
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Linac4 Cavity controller
Voltage modulation (CavityLoops)

Will be available for

‘ Beam any cavity!
Scalar or vectors (IQ) Cavity transient y y
Filling compensation
Ramp
| l AFF
Filling Adaptive
Voltage functions Feedforward Feed-Forward
1-4 x
Antenae J\ lIF
Phase 14 o|  vector [—— .Jl_'_l F
Rotater [ Ant Sum Integrator \\?}} 71 Modulatar Baseband- (LA el L OoDR
t‘ b )
Phase Linear Quadratic fullsting
reference . Febk
Gaussian
regulator (LQG) ? Klystron
Polar Loop
| Kl
Predictor [
Y
; Gai
find . Phase | Polar L
From measurement coupler in Rotator chrtecp | Phase
waveguide, before main coupler
Phase offset
CERN . . .-
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Linac4 Cavity controller

Cartesians or polar coordinates

Q
(Quarature)

Q functions
(%

Phase
5 function

| functions

CE/RW
\
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LLRF Longitudinal Painting

13



Linac4 Cavity controller

Voltage modulation (amplitude or phase)

Functions (1Q) for Voltage Setpoint (fesa)
Functions (amplitude/phase) in INCA

To be driven by higher level application
Make rule needed to convert from amplitude/phase to 1Q

RF feedback will make the cavity field follow these functions
Playback at RF on (100us before BIX.W10-CT)

2048 cells arrays (one for I, one for Q)
Samping rate RF/4 = 88.05MHz
Interpolation by 64 => function resolution = 256/RF = ~727ns (1.37MH2z)
Function length ~1.5ms (OK?)

Boolean (in INCA) to select scalars or functions

CERN
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Linac4 Cavity controller

RF on — Beam pulse

RF ON
v DTL1 Field
10¢ |
§ =1250
— B8F -
= =
‘é‘ B :200§
2 | | 1150 %
g [T DT Magnitude] -
. | | | . DTL1VPhase | {100
0 100 200 300 400 500 600
Time [uS]
\ | J
| V
RFon Beam pulse (voltage modulation)
transient
| Y J

Functions for voltage setpoint
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Linac4 Summary

- 4 functions for chopping pattern (1 per ring)
- Start playback at PSB Ring start timings
« Resolution: 1/RF

. 2 functions per cavity for voltage set points
(amplitude/phase)

- Start playback at RF ON timing (currently 100us
before BIX.W10-CT)

« Resolution: 256/RF

CERN
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