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e LLRF Component Count

e LCLS —Il'is composed of 35 superconducting cryomodules each with eight 1.3 GHz

* Single Source Single Cavity architecture chose for precision field control in CW mode operation

» SSSC enables precise field control per cavity, but dramatically increases RF system component count
* One 186 MHz RF Gun — 1 normal conducting cavity with 2 SSAs and 2 RF controllers

i

:

‘ * One 1300 MHz Buncher — 2 normal conducting cavities with 4 SSAs and 4 RF controllers
f 3 e 280 1300 MHz Superconducting Cavities each with 1 SSA and 1 RF Controller

e 16 3.9 GHz Superconducting Cavities each with 1 SSA and 1 RF Controller

» 77 total LLRF racks, each rack contains entire field control system for 4 superconducting cavities (half

cryomodule)

e 236 RF field control chassis (RFS or PRC)

e 74 cryomodule cavity resonance control chassis

78 power distribution chassis

his poster picks up where a 2019 LLRF Workshop poster left off
7 LLRF racks had been installed in the klystron gallery

4 of them were waiting for AC power

he LLRF checkout process was about to begin...

84 LO timing distribution chassis

3,850 fiber optic connections (in the

1) L
LLRF racks alone) //
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i itializati LLRF Hardware Checkout : : :
ey el < [RE6.C CECout S —— 3 things discovered during checkout that cause problems:
. After en(?rgization, before RF hardware checks every rack must <MPS/BSA> After the Rack Control System is ready, a combination of EPICS 1. Better water temperature stabilization is
undergo: Software T and custom test boxes were used for testing all LLRF hardware ;
. . : : | . : nee , :
NetworkiconfgirauenieieailEiectiais | & > Channel Access ¢ Long haul cable controls checks into test box %ater doesn’t stay warm enough on cold nights to stay
+ Automated rack checkout process Hardware checkout . Piezo control with capacitive load within regulation
. Loads latest stable firmware over network Automated Scripts « Stepper control with test motor This may affect RF phase measurements
« Checks standard board level diagnostics | L : :
Check chassi cat J i | t , : « Stepper tuner limit interlocks with test switches o
. eck chassis communication routin g RF Stati ; _ _ 2800
J otk ‘ . Temperature interlocks with RTD loads 2775
. | R Control —_ Precision Recei G : : : 2750
REID Chec_kout Ste_ps It Clngehe ettt A Waveguide Signals Al iaaiiii] « RF calibration with using EPICS interface (ensures proper 2725
. Configure QF2 oscillators with frequency 1300/7 MHz Pikza Turer Caniol ¢——| L . G ey wmepre 1575
. Check QSFP mapping and status | Stepper Tuner Control Phase Reference « ADC calibration in back of eac| e s 26.50 |
] | Interlock Processing FV VY i | ‘ ' 26.25 1
« Program kintex 7 ; . Heliax cable calibration 2500
« Configuring Kintex fiber network connection SO —— 5 & 5751
= = < T 2550 1
. Beginning IcIsZ_rack__h_eIper.py for Rack A ~ LLRE RACK g el
« RFS/PRC Setup: Initialize RFS and PRC 5 2500
« SEL_WAVE_BEG: Initialize DSP registers : S 3 -2 . | - T iy
. ICC LOCK: RFS <-> PRC (ICC) link configuration ‘ E Sy T | Bt
« CRC_CHECKN: RFS <-> PRC (ICC) link CRC check g WEEEa gl T 200
. LINK_MAP: RFS <-> PRC (ICC) link map Galley | | ] | U B 25251 25251 4
. DAC BIST: RFS DAC data integrity check | _____ 1 | __ _ __ | I IO il e P P 25 i o 1251
. STATION_CHECK: RFS output check Tunnel Phase Reference Line Aegsancs _ | ST | | . . .
g | Control _ 2413 L 10-03-22 00k 10-03-2212h 10-04-22 00k 10-04-2212h 10-05-22 00k 10-05-2212h
- SEL WAVE TEST: Chassis 2 4io s Main Time Axis
- SEL_WAVES: RFS waveform readout test — 5. 2
- GET_RAW_ADCS: Raw ADC readout - | ol X 2. Waveguide pressure digital readbacks would save time
. CC: RFS <-> RES (Chitchat) link configuration | = e [ ‘B
T . 50 - 23.50
- SEL_ENABLE: Initialize SEL registers o B O o s i o B O b i l ;
« Beginning Timing Check time [s] time [s] .
« Check Forward PRL input signal — T S S i e o - Wh -
. . en RF trips, we
« Check Reverse PRL input signal : .»l- > : it
. Lock to PRL Rack Checkout # of times ! '/...\\ often have to drive
. Rack checkout complete! Result I\ 2 miles to look at
T PASS 168441 analoge waveguide
Hardware initialization control screen -
o | pressure panels
Rack Initialization FAIL 90750 -
Perfortn these d steps. Wait for each to complete before proceeding to the next Total 259191 ‘ .. :of
e | o | [ T 2T = =
Failure mode Error count Issue |
—>
GUELI0E) G - L / SEL_ENABLE 48084 firmware development issue :
. _"‘;':"n\
Optional: i SEL_WAVE_TES 14859 firmware development issue — "f‘ AL ) .. i ) )
________________________________ n Yy, 3. LLRF Chassis wire insulation began degrading in
3. Kintex fiber | - fimeout 6189 T ——— w more than 50% of LL.R.F cha§S|s
l Suspected counterfeit insulation

STATION_CHECK 4141 firmware development issue All chassis had to be pulled from installation and

SW-FW Communication Common problems discovered during Number found/reason rewired
CRC_CHECKN 2657 Inter-chassis fiber network problem hardware checkout m—
Halt SW Camm Reset SW Com Setup 2621 network timeout during setup Heliax swapped Too many to count
frequency p— wrong timing frequency Heliax through the wrong penetration 15 (bad documentation)
Poor multi-pin termination > 100
LINK_MAP 2016 Inter-chassis fiber network probl . L .
« From August 2021 to October 2022, rack checkout was run ~ - ETENAsSs ST NEMOTE PIEbEM Poor heliax termination Dozens and counting
260 thousand times over 74 LLRF racks IEATERLT e Il P Eroslem Piezo tuner disengaged in CM 3 completely (5 single)
. 8 times per night for every available LLRF rack oscillators 634 problem setting board oscillator Stepper tuner problem in CM 1 motor heats with no tuning
. Failure modes were counted and analyzed for improvements BUFR 502 problem reading bufer Himit Switches stuck open in CM 1 (suspected)
f d | d k h k t d d Kintex 420 Problem with Kintex configuration RTD bad in CM 4
- AS new teatures were developed, rack Checkout was update Failed rack checkout — poor fiber connection  Too many to count
: : mmcm 281 firmware clocking issue _ o _
« Automated rack checkout extremely valuable to determine failure Disconnected cable inside chassis 7
modes HO_LEVEL 138 clock too fow Low LO Failed LO couplers
Qe = celioL el Vel s e e sElyes PRL signal unstable > 20 and still investigating
GET_RAW_ADCS 32 problem reading ADC buffer Poor LLRF chassis linearity 8 — failing amplifiers
Failed fiber patch panels 5
Rl o (1155 = 1 TG (NP elecls ET—— Number found . LLRF System Checkout finished in April 2022, but LLRF system
Swapped SSApermit Cables! [78lcases development continued leading to more troubleshooting
. ' ' « HPRF test :
During summeRz02LievebiRigs At i SIS _ , o _ . 100% ready status for hardware was achieved 10/04/2022
to test RF integration  LLRF drives SSAs at 400 W to warm CM Swapped RF heliax Many (fixed immediately)
+ Possibly the only time personnel can access the accelerator cavities | o N Low RF drive 28 chassis . LCLS2 RF Hardware Regdy, Statls . ...
with HPRF energized « Waveguide non-ionizing radiation (NIR) o] S _ DYV PSP () (o, (o, () (Gl (SO, (50, (e, (o (ol o (o (o
. Calculated normal conducting cavity voltage of about < 10 kV SUNVEYS alle Seenics 1¢ ffjlu 3 Cmt?r CI)CU i Source: 1 1C 8 SC_ Destinations: = =zl 2 =l R R = e e R = = Y= =
|n thlS mOde ® POWGI’ meaSUI’ementS al’e made a.t the al e On ro nl All GLOBAL GUNB | LOB | L1B | L28 | L3B *Iil *Iﬂ *EI *EI *Iﬂ F@ * * Flﬂ FE bEI
irecti 2 Failed Amplifier modules | =m=e TR0 s = & & &) 5 = = = & 8 ) -
. Full end-to-end test of LLRF, HPRF, Controls, Cabllng directional couplers P oo DI | o[ | A 2 TIETIETIETIET YT
« SSAs are briefly (<200 ps) chirped to 4 kV Calibration error > 5% >50 cases -
Solid Stte and the SSA healihis sharaalanzeds  poor water flow often :g g a= MM te - Haa
o e — Successful HPRF test outcomes worth " e ot o0 | - |
Directional 0] — ss2.siope =043 SSA at CM29, cavity 5 is _noting: - o ll ll FENEENET T

Coupler —

g P healthy -+ SSApermit to LLRF is functional - -
c 0.6 1 . : acks Overview
s Peak RF power: 4.2 kW ~* SSAdrive cable is correctly mapped paes e ' '
e Total Ph_lalse slew: OO-IZ_ rad ~* LLRF drive signal is correct p—
é bl LLRF will not over drive SSA ° LLRF _ EPICS mapplng iS CorreCt ;epr:perature |:ma| ‘:MIQ‘ ‘:E' tﬁ;|
< : . L
| ) Calibration error of reverse SSA - EPICS mapping is correct = (e o | ) 2 e o
RF Drive 095 1 signal at CM29, cavity 6 is * RF Heliax cable mapping to CM s o) (i (0 (|
) : X-Ray/Misc
LLRF S § 0s0] greater than 5% g Iandlng is correct w— u W) W) b W) W) ) W W 6§ )
Pt : I - [ 2 23 @ -TAET -TAEE - TAEE
£ %81 | e
© 0.80
I S [ [ (| | | | | | | | | |
- R ) (ot o o ot o
o NE SR > 2l Sl || | | | [t () |2 | | (3
< S — | o ]| | ]| ) e (e ) (S e () ()|
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FWD measiired (ADC normalized)

I Resonance Control CM29 Tone DAC SSA DCFWD DCREV LLRFFWD LLRF REV FWD Error  REV Error -

1 5790 404 394 397 389 387 1.27 2.52 Racks Overview |i |i |i |i |i |i i |i |i |i i |i |i i i i |i i
P 2 5490 402 380 363 370 358 2.63 1.38
Precision Receiver h 3 6100 400 389 387 386 380 0.77 181 P
4 5700 400 360 362 353 344 1.94 497 Nt
Cavity Pick-Up Signal 5 5675 402 395 374 387 370 2.03 1.07 —r= U.5. DEPARTMENT OF Office of " _ i
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