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YD G g s Coupler Summary

*No dipole kick as we desire, but a "quadrupole’
focusing exists, distorts beam at low energies.
*First pair of couplers must be after the first cavity
in the injector

*flange problem, fixed with new seal in next design
iteration

= = *inadequate cooling — tubing diameter mismatch
‘ # o | ' *Need to use the beam for conditioning at high
average powers

Coupler antennas only in x-direction!

=] IS Y — — :t -
Mo dipole kick, but we see ‘quadrupole’ fc-cusing_ Hﬁ*)] @jj VD [j:~ _F/)ILLEI] l~

Bruce Dunham, Comnell University EEE -d— /{%
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®\ Cornell Laboratory for

T Accelerator-based Sciences and C O I I I O d | e
oA . v/ Education (CLASSE) ry u

HGRP support post

Helium-gas return pipe _ .

Cryogenic

Beamline HOM control valves

Gatevalve  7-cell cavity absorber

* Acceleration gradient  16.2 MV/m
" Q. 6.5x107

= RF power per cavity 5 kW

* Amplitude stability 2x10* (rms)
* Phase stability 0.1° (rms)

STATUS

Design complete
Procuring parts
Construction starting
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Status of the CW ERL Cryomodule at .
Daresburyry « New ERL Linac

» The new ERL cavities were driven
with a CW wave from the digital
LLRF system. The cavity probe
signal is then mixed with the
forward RF signal and filtered by a

Shrikant Pattalwar low pass filter.
ASTeC, STFC, Daresbury Laboratory (UK . it
G, STF . Darestury Laboratory 0 The cavities have been analysed
in self excited loop and open loop
On behalf of Dperatlons_

ERL Cryomodule Collaboration
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ave been observed at:-

resonances

1Hz, 37.5Hz, 50Hz and its side

Loop closed, resonances remain at
bands.

48Hz, 68Hz, 71Hz, 78Hz, 82Hz,

=~ 1Hz, THz , 21.5Hz, 23.5Hz, 35Hz,
98Hz, etc.

3 40 480 30

Detuning peaks at 22Hz,

70Hz,63Hz,139Hz,386Hz.

Science & Technology

Facilities Council

e

20

Shrikant Pattalwar

ERL'13 September 89-13, 2013, BINP="Novosibirsk
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Brian Chase @ Fermi EERFLERTUTIZDNT

High Efficiency Solid State PA Development

HhEE~80% 100% 200%
GMER 325 MHz Klystron
GMRRIZTE X4 N
EFFICIENCY GMRER 650 MHz CONSUMED
SBIR with Green &oa iy et ,
i i Cinaar 100%
Mountain Radio Linear Linear
Research GNRR |
Klyatron Typical
. Gperation
Present focus is 0 — D - -

0 50% 100% 50% 100%
on GaN POWER OUTPUT POWER OUTPUT

High-Efficiency PA  Ur*:

controls power supply voltage

corrects for power supply induced phase push
optimizes for efficiency

Requires tight coupling between LLRF and HLRF
LLRF Class F,S PA

RF Reference

ENEOL AT TR
‘LLRFCN\D—7UTDERE
Larvka—iL

Cavity
Forward
Reverse
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Larry Doolittle @ LBNL \
1.3GHzDENENT—TF U THBRICTERIE =, EVa— /L ESN TS,

TUoTOHDEERIZIE

Ufﬁ%ﬂ@tmm
LLRF FBAR—KMWMSTF7 T D T4ILE—H A-TLVD
TR EE A I /

S Class—F
48VDC {g—p asse 1144V L-Band Y Cavity Drive
1908 T as5— E0_D00A Amplifier = e 6.4 KW max
Modulator
: 1.3 GHz BRI EFR

Analog | Setpoint

FEHKTT

Cooling =—

Water —— L Pf Pf Pr

_________________________________________________________________________________________________________________________________________

Local IE ; E [ E Field

Oscillator ; . Probe
1333.3 MHz i \ :
| eI Nee g Ne eNe | o
i 1111.1 MHz !
1: ! L : | | ]
Global Controls 7T OE i T HZEAL — ﬁ:a?;tectﬂr

ADCs, DACs, FPGA(s), CPU(s), other digital, small power supplies, etc.i T
i uner

Piezo

i

Machine Protection

LLRF Feedback Board



Larry Doolittle @ LBNL

Local Feedback Latency Account

50 ns
60 ns
180 ns
530 ns
70 ns
100 ns
100 ns
280 ns
100 ns
50 ns
80 ns
1600 ns

input analog BPF

ADC pipe (7.5 cycles at 125 MHz)

DSP, including Pl control (22 cycles at 125 MHz)
bandpass filter in DSP (300 kHz)

notch filter in DSP (800 kHz for TTF 87/9 mode)

compute amplitude with CORDIC (12 cycles at 125 MHz)
PWM generation (dual 2.6 MHz) pulse width modulation. PWM

class S modulator analog

high-power RF cavity filter (1.6 MHz bandwidth)
cables and waveguides

contingency

total
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Piezo characterization,
tests and operation at FLASH

M.Grecki, DESY, Hamburg
A. Bosotti, R. Paparella, INFN Milan, Lab. LASA
T.Pozniak, K.Przygoda, DMCS, TUL

NVVVVVVY
l l [ fluwlevu radio frequency
VAAANAAAN]

Piezo reliability

P voltage factor

MTTF=A *A *A

mean lifetime

A_— temperature factor (constant for cryho conditions)
A — humidity factor (constant for cryho conditions)

10 E+7 wropes

(MTTF: mean time to failure) qu-;-

1,0E+6 |m
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| With decreasing vn[tage the lifetime
| increases exponentially!
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Piezo driving

 We need for LFD compensation the peak-to-peak voltage.
For unipolar operation the maximum piezo voltage is ~2x
higher than for bipolar mode. That reduces reliability.

* Bipolar driving while piezo is worm is
dangerous. Piezo can be broken with
relatively low voltage. Therefore bipolar
driving must be done together with
tem perature\ checkout
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'ﬁﬁi"Wﬂ— LLRF13 Lake Tahoe, 1-4.10.2013 =———— \].Grecki, DESY ==



1.3 GHz Phase Averaging Reference Line ASTA Ed Cullerton, Brian Chase @FNAL

Master Oscillator

Isolator

118" RFS CellFlex Cable

PLL *l.lLo-ﬁ.L—| 20 dB Coupler

Input

Reverse signal
AR 55-& 308 | Ay zyﬁ e A .:g-:@-. AR .yuﬁn AV
Phase held constayi by PLL IS
Powier
Combiner
OUT = Forward + Reverse

—— = 2
CZ%0deg.LERE, LASER Electron Gun \ CC1/CC2 Instrumentation CM1/CM2/CM3
MO®PhaseZ @]9

* original design concept by J. Frisch, D. Brown, and E. Cisneros

* changes in cables lengths between tap positions due to temperature changes(L=L + AL)

the output becomes: out=A.cos (wt+ @ +A@ )+ A cos (wt+@.-AF,)

Forward Reverse

When the phase at the shorted end of the reference line is held constant, A ;ZiF =-Ad,

When Ag. =-Ag, ,
arg {A,cos (wt+ @ +A@ )+ A cos (wt+@.~Ad )} =arg {A cos (wt+@ )+ A, cos (wt+@,)




Interferometer Link

o I,

I L y=a+jp Ly=a+jf Ly y=c+ jfi
— '
- 4 ' 4
r=pi=1 RPN L~

= Idea of phase averaging reference line by Brian Chase and Ed Cullerton @FNAL

m Performance limited by cable loss and coupler directivity
m Feasible distribution distances up to

m 150m (7/8" cable, 1.3 GHz, 3 tap points)

m 250m (7/8" cable, 1.3 GHz, 1 tap point)

Krzysztof Czuba | XFEL MO and RF Phase Reference Distribution | 04.10.2013 | Page 16




Prototype Interferometer Link Tests

Tested on the bench, no temperature stabilization

Cable drifts up to 30 ps are compensated to 80 fs p-p over long term (suppression >300)
This can be improved by stable mechanical design and temperature regulation

Above 30 ps output phase drifts more (suppression 70 to 100), not well understood so far

s | nterferometer phase drift [ps] — =ss=Cable phase dnft [ps]
16

14

12

1

0,8

06

04

0,2

0

-0.2

0 U:E {]:4 {II,E- []:B 1 1:1
RARR Y 7 O RERHBIL NS Ao 5, Time (]

14
DR—F DA G S BN DO RHTEFEFLTOBELSE, [:] ﬂi}
- *ﬁIEﬁ§ﬁLL\ Krzysztof Czuba | XFEL MO and RF Phase Reference Distribution | 04.10.2013 | Page 17 lse ,\E‘,E‘E;;/



I Update on the LLRF system for the European XFEL

European —!
XFEL| The MTCA.4 LLRF system ;
_ BACK Zone 3 FRONT
AMC: Advanced Mezzanine Card e
RTM: Rear Transition Module RTM AMC
12 slots, hot swap
Redundant power supply Analogue /" Digital
: i R & RE /;, \x‘ AMC
KLY "'u PREF PFWD PROBE baCkFJ'ET"IC backplanf:
A LO CLK o Lok o %cm L0 ‘1,cu< St oA R T
______ VR T 2 L. | 38 y 48y

X
g uvM DWC
m

uDACQ
ROTIFILT ROTH FILT =0
~ FPGA FPGA FPGA R
-—- - Down Converter (uDWC) Digitizer (UADC)
LLRF 2013 — Oct 1-4, Lake Tahoe, USA LLE -gq:_uurm

Julien Branlard, MSK, DESY Tan ASSOCIATION



Work accomplished 2011-2013: XFEL LLRF System

HOMs FPREF PFWD

V cmMm2 CM3 cmMm4
. 1 i l‘-:- - r...ll LI Al A1 Al n AL 1L 1L AL E
= =
PxCingn. - I-1ll'l'ln - “‘”‘;’f‘;’r"m LUAF i Vazuum
LLRF magter KLYSTRON LLRF slave
BEAM I :-
< 28U Rack
: KLY grF Ri ol CM1 CM1 CM1
" oMZ M1 DRIVE from from ':,';VEE PREF  PFWD PRE
FIEZD RPIEZD " MLO MO C-M'I!-E M2 ChAZ Ch2

uRFB
RF back
pl.:lru_

MTCA.4 incl. complete sweet: LLRF/Diag./ Interlocks/HOM

Challenges:

Total: 27 RF station / 800 cavities / >3000 RF signals
Stability requirements < 0.01% & 0.01deg



SLACEHMicroTCAZ IR, 243V T O AT LHEVREIEE,

MicroTCA Crate and FPGA AMC Board

MicroTCA Crate (Front View
o = - m =
c % =E|1C |m3 b3 b -3 = e/
3 al®2|g3|m3 ol
=8| 2| < |35|%8| & HHHHEE 2128
LLRF -] § % 5 = § §
Private ol O 8 CA
Network L 5 D — B L R o (=21
CA Network q Network
IPMI Metwork 1 2 4 5 1|6 718 9 {10 | 11|12
. 1IPMI
Bl Network
Metwork MicroTCA Crate (Rear View]
—'
Lg-
w0
ac ) A A e A A
FHEEEEEE
3 313131313139
& = = - = = =
S - | w] & | @
Triggers < E
1 2] 3 4 5 |6 718 9 110 | 11 ]12

'i-mumu”

Struck SIS8300 AMC (Virtex 5 FPGA ; 4 lane PCI Express; 10

Channels 125 MS/s 16-bit ADC; Two 250 MS/s 16-bit DACs;
Overview of the LLRF Activities at SLAC—LLRF 2013

Twin SFP Card Cages)

amc_adc: SIS8300 + RTM
CHO: Reference IF
CH1: Up Converter OQutput IF
CH2: 5558 Output IF
CH3: Klystran Output IF
CH4: ACC Input IF
CHS: ACC Input Reflection IF
CHG: ACC Qutput IF
CH7: ACC Qutput Reflection IF
CHE: Klystron Beam Voltage

) 7\/adatech
3 MCH UTCO002
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