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LLRF system for XFEL based on xTCA for Physics

European

XFEL Requirements

(...)

Standard for new accelerator for ALL subsystems

Support moder algorithms (distributed computation power)
High data throughput (DAQ)

_ow latency links (control system)

-lexible configuration

Available for many years

Standard (hardware and software)
* Flexible configuration

* In-build crate/board management
* Modern protocols
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LLRF system for XFEL based on xTCA for Physics

European

XFEL XTCA for Physics

FIL =

Since xXTCA has all attributes as standard, the Physics
Community has initiated a Working Group to look at the

specific requirements — PICMG xTCA for Physics
Coordinating Committee

Goal: to develop specification for physics community
(instrumentation) and become a customer for industry (large
number of orders according to existing specification)
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LLRF system for XFEL based on xTCA for Physics
XTCA crate for Physics

European
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LLRF system for XFEL based on xTCA for Physics

European

XFEL| Upgrade of FLASHs LLRF System 2010

Previous LLRF rack layout Current LLRF rack layout

KLY2 KLY39 KLY3
RF Signal ACC39, RF Gun,
= RF Signal A ifrom cavity) MO MO
(to Klystron) | |
- |
o

RF Gun Contraller ACC1 Controller
SIMCON 3.1, SIMCON DSP,
Timing g % = ACCH Patch Panel | | | Accas Paten Panel, -
V Gatant u; (Attenuators) ACC38 Downcony Detecto:gox
eleclor Box and anid
l Calibration Box Calibration Box
RF Gun
MO Distribution ACC1 and RF Gun RF Gun analog |Q Detector,
(Power Amplifier Manitor (FastADC) analog 1Q Detector, AEg‘ Dowm?)nv.. ACC39 Actuator MO/LO Distribution
Timing MOILO Distribution 5 Ei‘;‘:‘;‘:‘,k‘;‘l;‘ (vector Modulator) (LLRF Eurocrate)
LLRF Ei t . (LLRF Eurocrate
Power Meter \ { urecrate) (LLRF Eurocrate) ) )
{ACCH1) - RF Gun Caontroller
\ ACC1 Manitor ACC3a §1MCON DSP)
; — ACC1 Downconv. . RF Gun Monitor
Power Meter J %1' o 4 (FastADC) LO Generation (FastADC)
(RF Gun) [ | At Sl on LO Driver (DACB)
Oscillator and Distribution Timing
{LLRF Eurccrate) ACC39

ACC1 and RF Gun Ref. Generation
Actuator

(Wector Modulator)

Power Meter

ACCA Gontroller ACCT (ACG)
ACC39 Controller Piezo System
ACC39 Monitor Power Meter
(SIMCON DSF) {RF Gun, ACC39)

Energy stability improved
by factor of 3 to dE/E=0.5E-4.

Christopher Gerth, et. al.

—
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LLRF system for XFEL based on xTCA for Physics

XFEL FLASH & XFEL - differences

Actual FLASHs LLRF limitations Roadmap for the XFEL LLRF

* Rack size is strongly limited (JO-16U, L1-26U) * VME -> uTCA (UAMC, uRTM) concept
compared to (ACC1-42U)

* LLRF system is outside the tunnel = LLRF system is in the tunnel

* Central FPGA concept (limited comp. power) = Distributed FPGA, DSP concept

= Process only 8x3 cavity signals (P,F,R) = Process 2 times more signals

= SimconDSP 14-bit ADC limitation = Lowest spectral density (16-bit ADCs)

" Baseband field detection = Non IQ sampling scheme (no PM->AM)

" No redundancy = Redundant systems in the injector

" Pluggable connectors are not drift = Rack will be fully drift compensated
compensated = Scaleable system

* No channel parallelization for more
performance R
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LLRF system for XFEL based on xTCA for Physics

XFEL LLRF for XFEL

2 semi-distributed uTCA stations supply 4 cavity modules

In the Tunnel

1
Cryo-module 1 Cryo-module 1 Cryo-module 1 Cryo-module 1
[ 1 l 11 1 [ [T
8 Cavities <|l 8 Cavities 8 Cavities 8 Cavities
5 G
— 7] —
8 Power Forward__ ¢ 2l & 8x Probes x Power Foward _ % 55 § 8x Probes
8x Klystron Chain & Reflected o 2ls g ® & Reflected B E I
Diagnostic % ﬁ O v E 8x Piezo Sensor “; ] 8 8x Piezo Sensor
@fii|® 2o & Control wi|d 2|5 & Control
P, 4 | Zlr
Clock Distribution Il » S| Ol
n < ®
MO «|5 ' s '

i Master/Slave &3
QL= (& A

B LLRF System -

Beam Diagnostics
Klystron Klystron Control —
Control | Low Latency Links (Fast Feedback)
Klystron Diagnostic >

Driving Argument Short pickup cables for low drifts (10fs/m/K)
and prevent crosstalk from high power cables
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LLRF system for XFEL

European

XFEL | Semi-Distribution

1 RF-station L1

3 RF-stations L2

21 RF-stations L3

Schematic view of accelerataros and LLRF Stations positioning

18.10.2010
INJECTOR
Gun 0.1 cryomiadiie. <12 m B cilise 3.9GI;Zc:r:§:;0duba

)y i R |

1 - LLRF station for GUN System - Main and Spare systems, type 1 (2 racks)
2 - LLRF station for JO cryomodule - Main and Spare systems, type 2 (3 racks)
3 - LLRF station for 3,9 GHz System cryomodule- Main and Spare systems, type 2 (3 racks)

Total 3 sets of racks, 16 U heights, 2 types

L1 accelerator - 1 RF Station (4 cryomodules), XTL Room 1&2

Cryomodule #3

1 = RF racks for cryomodule # 1 & 2 - Main & Spare Systam, 2 of LLRF Station

2 - RF racks for cryomodule # 3 &4 - Main & Spare System, 'z of LLRF Station
Total 4 sets of racks for LLRF, 26U (28U7) heights, 3 racks in set

O = Racks for other Systern components

RF - Racks for RF Group

L2 accelerator - 3 RF Stations (12 cryomodules), XTL Rooms 3 -6

|

RF Station # 1 (4 cryomodule) | | RF Station # 2 (4 cryomodule) | I

RF Station # 3 (4 cryomodule) |

Cryo #1 ‘G’ryoﬂ Cryo #3 | Cryo #4 Gryn'#f‘é'r_y_o-#zs Cryo #3 | Cryo #4

R
E

1- RF racks for cryomodules # 1 &2 - % of LLRF Station
2 - RF racks for cryomodules # 3& 4 - % of LLRF Station
Total 6 sets of racks for LLRF, 26U (2BU7) heights, 3 racks in set

L3 accelerator - 21 RF Stations, XTL Rooms 8 - 28

RF Station # 1 | RF Station # 2 | RF Station # 21 |
Cryo | Cryo | Cryo | Cryo [ Cryo | Cryo | Cryo | Cryo Cryo | Cryo | Cryo | Cryo
# : #3 | # | w # | # | #2 | #3 | #4

RFTech 2™ workshop, Dec.3,.2010
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B0 & 4

1| #2 : #2 #a
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/ © . B

1- RF racks for cryomodules #1&2 - % of LLRF Station

2 - RF racks for cryomodules # 3 & 4 - % of LLRF Station

Total 42 sets of racks for LLRF, 26U (28U7) heights, 3 racks in set




LLRF system for XFEL based on xTCA for Physics

European

XFEL

LLRF rack occupation

Injector (GUN, JO, 39) LLRF systems are completely redundant . . .

[ 18/10/2010 |

SYSTEM IN INJECTOR FOR JO -
uTCA DESIGN, 16_U RACKS
Two Redundant Systems

Crates in UG05/011

" Electronic racks for
J_ i i Main and Spare Systems
_ [—————| |
2U - Calibration box 2U - Callibration box
20 20
RF Reference Link 2u RF Reference Link SU ‘ Sp _
aU LO Generation & Interiock ;fjmh Panel 3U I_.O_Ge_neration & Clystron Driver Signal Clystron Driver Signal
glg| |1 Distribution Box Piezo Controller EEuhiiorbox a0 2U
=3 [20 - +12V, +15V, +48Y | i
S|z 6 POWER SUPPLY fredund) Freq. Tuning Motor Freq. Tuning Motor
® 8] 0 Driver (Cold) Driver (Cold)
O UTCA crate Piezo Controller G rtobing i
150mm card 20 - +12V +15v, +487 | 150mm card au au
POWER SUPPLY (redund) . Coupler Motor Driver Coupler Motor Driver
Front-Rear cooling T - Com Panel Front-Rear cooling (Warm) (Warm)
2U Spare
\— One block - can not be splitted —/
and moved Cou rtesy-

- RF Cables Patch Pane|
(on Top in calibration Box)

W. Wierba / IFJ

Redundancy, LLRF performance measurement

FLASH 21/04/09, Beam Stability at
FLASH - Update’, F.Ludwig et. al.

RFTech 2™ workshop, Dec.3,.2010 /EE‘S;\ ﬁ HELMHOLTZ
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European

LLRF system for XFEL based on xTCA for Physics

XFEL

... L1is also redundant, ...

SET OF RACKS FOR RF STATION SYSTEM FOR L1
U-TCA DESIGN HALF - DISTRIBUTED (four cryomodules)
Two Redundant Systems

IN XTL

FIRST SET OF RACKS

=
l _

LLRF rack occupation

18/10/2010

SECOND SET OF RACKS

—— l | ——
2U - Calibration box 2U - Calibration box 2U - Calibration box 2U - Calibration box
2U 2U 20 2U
| RF Reference Link | RF Reference Link | RF Reference Link | RF Reference Link
3U LO Generation & 3U LO Generation & 3U LO Generation & | Interlock Patch Panel | 3U LO Generation &
Distribution Box Distribution Box Distribution Box Distribution Box
9U uTCA crate 9U uTCA crate 9U uTCA crate 9U uTCA crate
o 150mm card ‘“:j 150mm card 150mm card 4u 150mm card
g 2 Freq. Tuning Motor 2 Freq. Tuning Motor
=] g Front-Rear cooling Driver (Cold) Front-Rear cooling S Front-Rear cooling Driver (Cold) Front-Rear cooling
ke 4u 4U
Coupler Motor Driver Coupler Motor Driver
. o (Warm) . 0 e (Warm) ’ 74
Piezo Controller Piezo Controller Piezo Controller Piezo Controller
2U - +12V, +15V, +48V 44 2U - +12V, +15V, +48V 2U - +12V, +15V, +48Y 4u 2U - +12V, +15V, +48V
POWER SUPPLY (redund, Freq. Tuning Motor POWER SUPPLY (redund POWER SUPPLY immda Freq. Tuning Motor POWER SUPPLY (redund
) Ll Driver (Cold) L -Com. P e ilel o Ty b ] Driver (Cold) !ﬂ L @ ﬂ
2U - Spare U 2U - Spare 2U - Spare U 2U - Spare
3uU Coupler Motor Driver 33U 3u Coupler Motor Driver 3uU
Clysirdg Driver Signal (Warm) Clystron Driver Bignal Clystron Driver Signal (Warm) Clystron Driver Signal

_

Courtesy:
W. Wierba / IFJ

and moved

RFTech 2™ workshop, Dec.3,.2010

One block - can not be splitted

- RF Cables Patch Panel

(on Top in calibration Box)

and moved

One block - can not be splitted

Frank Ludwig, Tomasz Jezynski, DESY




LLRF system for XFEL based on xTCA for Physics

XFEL LLRF rack occupation

... but L2, L3 are not redundant.

SET OF RACKS FOR RF STATION SYSTEM FOR L2 & L3 IN XTL 8072010
U-TCA DESIGN HALF - DISTRIBUTED

FIRST SET OF RACKS SECOND SET OF RACKS

/-Must be on top of the rack

lﬁH | —

PIEZO Patch Panel - 2U - Calibration box PIEZO Patch Panel 2U - Calibration box
20 20U 20 20
Interlock Patch Panel RF Reference Link Interlock Patch Panel RF Reference Link
3U LO Generation & 3U LO Generation &
Distribution Box Distribution Box
9U uTCA crate 9U uTCA crate
= 150mm card 150mm card
=1 2 2
= -
3 EI Front-Rear cooling GU Front-Rear cooling
2U 20
Piezo Controller Piezo Controller
4u 4y 2U -+12V, +15V, +48V 4y 4au 2U - +12V, +15V, +48V
Freg. Tuning Motor Freq. Tuning Motor POWER SUPPLY (redund Freq. Tuning Motor Freg. Tuning Motor POWER SUPPLY (redund
Driver (Cold) Driver (Cold) 11U -Com. Panel W Driver (Cold) Driver (Cold) | - Com. Panel
au 4u 2H SRR 4U 4U 2V - Spare
Coupler Motor Driver Coupler Motor Driver 3u Coupler Motor Driver Coupler Motor Driver 3u
(Warm) (Warm) Clystron Driver Signal (Warm) (Warm) Clystron Driver Signal

- RF Cables Patch Pane|  Emmmm
(on Top in calibration Box)

One block - can not be splitted Cou rtesy
and moved W. Wierba / IFJ

RFTech 2™ workshop, Dec.3,.2010 e (2@ ﬁ HELMHOLTZ
Frank Ludwig, Tomasz Jezynski, DESY ~ US€) e ‘ﬁf? \Cev/ | ASSOCIATION



LLRF system for XFEL based on xTCA for Physics

European

XFEL Experience form ATCA system

Lessons learned from the ATCA ACC456 tests

* Moreless portable firmware between ATCA and uTCA

* Common Low Latency distributed FPGA concept

* Common IPMI handling

* Decoupling of PM to AM using the non-ig modulation scheme
* Fully modularity caused too complex system

* No sharing of 2 sized AMC modules with ATCA

... the xXTCA crate is important, but only one part of the whole LLRF system . . .

RFTech 2™ workshop, Dec.3,.2010
Frank Ludwig, Tomasz Jezynski, DESY
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LLRF system for XFEL based on xTCA for Physics

European

XFEL uTCA Progress Status

Sharing resources within DESY and industry (status 10/2010)

Klystron SIS8300 8 Rfreceivers, 2 diff in

1.3GHz monitoring SIS8300 9 RF receivers @ 1.3GHz

DAMC2 ---

Beam Loss Monitor DAMC2 ADCs

MCS,
MSK,
FEB,

FLC,

FLA,

MDI,

MIN,
MHF-SL,
EXP-DAQ,
SLAC,
TDS, RAEGAE, AMTF

Beam Arrtval Monitor SIS8300 Optical m

Fs LASER sync SIS8300 Optical in EL A‘R’K‘”“

Spectrometer DAMC2 32 ch ADC TEWS <

Kicker DAMCI CI’:VOBIECTI’ a
RFTech 2 workshop, Dec.3,.2010 A9\ weLmmovrz
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LLRF system for XFEL based on xTCA for Physics
XFEL Slow I/O

TAMC 100
= 1 slot IP carrier
TAMC 200
= 3 slot IP carrier
Available from Tews

i
i

=
=i
=
£
=

RFTech 2™ workshop, Dec.3,.2010
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European

XFEL

AD /O

= 8 ch ADC 200kHz
= 2ch DAC

= 24 1/0

= 4 RS485

= 1 lane PCle

Available from ESD

Slow /O (2)

LLRF system for XFEL based on xTCA for Physics

=15\
D | 3avmp 3.3VMP
o}
PL P2, P3 IPMI
Controler
e 24 Digital 10 TTL [Atmel AVR) * |PMB IPMB »
QUT: +32/-64mA q
S— Microwire SP1
3 x har-linl F EEPROM EEPROM
Steckverbinder
P4 4
DiA- ) J Y
Zx Analog OUT =10V Wandier
o |
ko DACES50 o] 1N Gonty
200ksps
ot out @
1 x har-link o
Steckverbinder FPGA 5 b .l PEX8311 |, PClexl |
= - L % - L
PE, PG pac | Spanan.i g Bridge
AD- @
Bx Analog IN_+10W | Wandler gpu] ADC
differantial o [mexaisz i -
200ksps Timing
—
2 x har-lin| F Y
Steckverbinder
o
4x RS485 D L il D g LVDS o
R q =3 g q 3 o
) —
1 x har-linl uTCA
Steckverbinder Steckverbinder
RFTech 2™ workshop, Dec.3,.2010 <8l Desy | e emmeee e -
Frank Ludwig, Tomasz Jezynski, DESY ~ USEJ W% lig \Veo/ ASSOCIATION



LLRF system for XFEL based on xTCA for Physics
XFEI Fast 1/0: AMC Design

AMC_MEM
DESY-FEA
8186-01ML _ "

2| npojn
A009RHLY
s WANNLT S

T

R
. DESY AMC 1
= Virtex5. 256MB

I, S RN . " 2ch ADC, 125 MSPS, 2ch
i = |8 sk - | DAC

= Tested: BPM and Toroid
\ readout with 81 Mhz

sl AMC900 (Tews)

— g = 8ch ADC, 125MSPS
TEWS & = Tested: LLRF ATCA

TECHNOLOGIES

RFTech 2™ workshop, Dec.3,.2010
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LLRF system for XFEL based on xTCA for Physics

XFEL Fast 1/0: AMC Design

S innovative
systeme

Digitizer, Partial Vector Sum (SIS8300) (delivered, test state)

- 10 channel ADCs (125Msps, 16-Bits)
- FPGA partial cavity vector sum
- Low latency links via uTCA-backplane

2x DAC Outputs

SFP front I/O’s
Fiber or cable

ﬁ HELMHOLTZ
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European

XFEL Down-converter for XFEL

How to package all this ?

Distortions

Mechanical vibrations
Environment Temperatur, Humidity

Microwave Crosstalk

Packaging

- Short %* type pickup cables

- N-Type connectors -> PCBs

- Multi-Layer Rogers RF Boards
- Component Distribution ?

- IF separation recommended

- Active calibration methods

LLRF system for XFEL based on xTCA for Physics

2006 DESY / Passive 8-channel:

(+) Performance 0.003% (1MHz)

(+) 16-bit ADC

(--) ADC near to Receiver
Complicated design

2007 FermiLab / Passive 8-channel:

Ak AR

(+) Performance
(+) IF separation
(14-bit ADC limited — not this board)

2007 DESY / Active 8-channel:
— (+) Noisebalanced
Ve (+) IF separation
(--) VME based
(--) SimconDSP 14-bit limited

2009 PsI/DESY / Passive 6-Channel:

(+) Performance

(+) IF separation

(+) 19“ mech. package
(+) 16-bit ADC

2010 DESY/PsI/ Active (Passive) 8-channel:

(+) Noisebalanced, ACC39
(+) IF separation

(+) 19 mech. package

(--) SimconDSP 14-bit limited

RFTech 2™ workshop, Dec.3,.2010
Frank Ludwig, Tomasz Jezynski, DESY
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LLRF system for XFEL based on xTCA for Physics

European

XFEL Down-converter for XFEL

Multi-channel Down-Converter (DWC8300) (delivered, test state)

- 10 channel field detection
(1.3GHz ... 3.9GHz version)
- Rear / Backplane RF access

(1.3GHz...3,9GHz)

8+1 x RF Inputs

LO Input

Courtesy:
J.Piekarski / ISE
M.Hoffmann, D. Kuhn / DESY

A‘/‘;x ﬁHELMHOLTZ
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European

XFEL

crate & rack

LLRF system for XFEL based on xTCA for Physics

How will a LLRF System look like inside . .. 19 modules . ..

Inputs from
cavitis

 EENEN.
... .. .. ® ..
R N N /
Calbraion box - gy ADCModule (no drifts within the rack)
ISE, DMCS, MSK
O LO Generation Box =
[ = % )
2U - Calibration box < LOGModule (Local Oscillators)
70 . D/ ISE, MSK
RF Reference Link
3U LO Generation & 5 LO Distribution Box =
Distribution Box g ENS
= 9U uTCA crate p M
T 150mm card PU E E E E EIE E'E E h| o
) Front-Rear cooling clalalala ; | " |A| Al ‘ PU f-\ml_,l /l aystem
plo|o|olo|l|o) clay ! | 3=t b -
Driver MlvleleleleElclip=le i | Vo | . Sysiem
2J 230=12 | H | | o ) [ / /|
Piezo Controller varin | @ |@|o|e|c|o !; o alo i VAR 4 I BEF
2U - +12V, +15Y, +48Y MH|=E|o|o|o|o o] %0 Slave
Motor POWER SUPPLY (redund! 4 Station
d) U - Com. P /‘
Driver 30 7 PIEZO Cﬂﬂ"ﬂ"ﬂfmr'wh%-:/ PIEZOModule (Piezo driver) T
Clystron Driver jSignal = C
/ Power supply (redundagi-ad Power Supply (redundant)
/ = industry
RFTech 2 workshop, Dec.3,.2010 . A9\ weLmmovrz
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European

XFEL

... and the crate

AMC front occupation

\

Slot #01:
Slot #02:
Slot #03:
Slot #04:
Slot #05:
Slot #06:
Slot #07:
Slot #08:
Slot #009:
Slot #10:
Slot #11:
Slot #12:

A 2 3 4
PU EEE
1230->15V] (o T E
e [vl [
Pu | ¢ SIS
uTCA | &J
Ed

CPU

Interlock

Timing

LLRF Controller
ADC, Klystron Chain
ADC, VS Reflected
ADC, VS Reflected
ADC, VS Forward
ADC, VS Forward
ADC, VS Probe
ADC, VS Probe
free

oOH oo>r IOED |

(Industry)

(MCS)

(MCS)

(uTLC / DMCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)
(S1S8300 / Struck, MCS, MSK)

(e i M e i s s
AlAIAIAIAIA 230->15V|
DID|D(D|D|D ;
| C|Cle e |ie
0| oo | x| 0| o | o PU
o|lo|lofo|o]|o MTCA
O|O|O0|O|O|0O

LLRF system for XFEL based on xTCA for Physics

RTM rear occupation

et K I S = A b

7 6 5 4
O|O|O|O|O|O|O E
= o|lo|o|o|o|o|o
o O|Q|C|O|O|0O|O|0O
= 2] (] ] D o] (] ] o
o3 wlwlw|lw|w]lw|w|O
s & Lo C & Cc c
- AR
= o|Oo|Oo|Oo|O|O|O].
O|0|0|0O|0O|O|0O|ES
©c0o0 @ | o e | x| oo | oo | e 6 7
Slot #01: -
Slot #02: -
Slot #03: -
Slot #04: Klystron Driver (uTLC VM / DMCS, ISE)
Slot #05: DWC, Klystron Chain  (DWC8300 / ISE, MSK)
Slot #06: DWC, Reflected (DWCB8300 / ISE, MSK)
Slot #07: DWC, Reflected (DWCB8300 / ISE, MSK)
Slot #08: DWC, Forward (DWCB8300 / ISE, MSK)
Slot #09: DWC, Forward (DWCB8300 / ISE, MSK)
Slot #10: DWC, Probe (DWCB8300 / ISE, MSK)
Slot #11: DWC, Probe (DWCB8300 / ISE, MSK)
Slot #12: free
Slot #15: LO-Generation (uLOG / ISE, MSK)

RFTech 2™ workshop, Dec.3,.2010
Frank Ludwig, Tomasz Jezynski, DESY
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LLRF system for XFEL based on xTCA for Physics

European

XFELJUTCA Progress Status

LLRF system (Prototype test desired at FLASH 01/2011)

Inputs from
cavitis
00 000
p = 00 000
00 000 00 000
00 000 o0 0 000
00 000
O 00 0 00 7 e Calibration box
Calibration box o o _
B B [~ "T° "T" /O LO Generation Box
f LO eneratidn Box \0
A o «
(1 . 1.CPU = LO Distribution Box
N | 2. ADC - Pref &
& S 89 Lo S 3.ADC - Pref. -
00 jstribution Box | 4. ADC — Prob |
. 5.ADC-Prob | o 1
P 6. Contrl.+VM ﬂ.
- 7. ADC — Monitoring [ - s (54 | 5 ;
AMC . 8. Timing : : : BB Inte
9. ADC - Pfor. A l & N
RTM T 10.ADC - Pfor. D|D Tire
wlw| T w (o [w | 11. Interlock Sys
-t e = | 23012 ][ -
M ol Voltin OlC 5
3 8l k o olo]e Slav
= S | Static
= =
Jitorin __/ cu
P
cooooooo| oooooooo PIEZO Controller / Driver
oooo ocoo0 O(VOOOO
IEZO
Order of boards for low distortions - LLRF AMC backplane
concept
Complicated cable management - LLRF RTM backplane
concept
RFTech 2" workshop, Dec.3,.2010 — (28 wemnoLtz
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— | LLRF system for XFEL based on xTCA for Physics —
European - I 2
XFEL| Looking for free space in the crate |

Courtesy: ELMA

RFTech 2™ workshop, Dec.3,.2010 f8e) L
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LLRF system for XFEL based on xTCA for Physics

XFEL Backplanes ...

uRTM, uAMC and LLRF backplanes

-
a

Gl

J[ AMC -

1, Standard b

/ Backplane

CRATE BACK

00000000 AR

[ 00000000 RN

IEEHE@@HE@@HB@EEHHHHQEHB

RF Backplane p b MCH*
b E—'—IE
[
: uz, = =
E 2 [ = % E—ﬁ]
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Low jitter clock distribution < 200fs
(e.g. ADC-Clocks)

Independent redundant power supplies
(e.g. +15V, -15V)

Low jitter RF-signals <10fs
(e.g. LO-Distribution)
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XFEL Low Latency Links
/Two central slots

o
=]
a

D = |=&=@ e B B @ @
(mon] N
D s O s O Y Iy Ty Sy = g N N e N e
(e == | EHel B =3 =3 =—68
=D a4 ——a— O—S—at
@D C H—+—HH+
= 0O O ool o o o 0o 0O o 0O O
(wen | 0O O oOo;lo o o o o o o o
(vl I T e B e N Oy Oy POy O ey N e Sy Ny B
(w:0) O O ssHisdd o O O O O o Ol o
(2N O O :HIs O O O OO oo gllo) o
am 0O o |l o o o o ol ol|lol| o
D 0O O st o o o ol o ol ol e
| MCH 0O O |H | = ‘= —= CI‘@ = |'= = MCH*
(5 | o [ El—l_ == & rtzl B—s-e| =
D 0o o s [ =S] = = (|
e 0o o = =] gﬁ% = m\g\mg\g\m
(K1)
(v CO——fat e e— )
(e | C—eaetaHaa——t———t—t—
(KKl I e s e = s i et e e 5 et 55 e 55 et 555 e
CLED IHTCLKH
CLE 2] - TCLKE
[CLE 3] $ — FCIKA

/“A ﬁHELMHOLTZ

| DESY
o/ | ASSOCIATION

RFTech 2™ workshop, Dec.3,.2010
Frank Ludwig, Tomasz Jezynski, DESY




LLRF system for XFEL based on xTCA for Physics

XFEL LLRF System - prototype

LLRF system (Prototype XFEL desired at FLASH 06/2011)

Inputs from
cavitis
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Injector Stations — RF separation Main Stations - IF separation
Performance has to be characterized Very robust machine operation
Channel parallelization upgrade possible Low cost version
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LLRF system for XFEL based on xTCA for Physics

XFEL LLRF System - prototype

Inputs from
cavitis
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LLRF system for XFEL based on xTCA for Physics

xFeL| Contoller and vector-modulator

Klystron Driver (uTLC VM) LLRF Controller (uTLC) \1@
(Schematic state) (Routing state, 95%)
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SFP front I/O’s
Fiber or cable

SFP front I/O’s
Fiber or cable
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- 2 channel vector modulator - LLRF Controller, 6 Fiber Ports, 2 GB-Links
(108MHz, 216MHz, 1.3GHz...3.9GHz) - FPGA, DSP
- 16-bit DAC

Courtesy: D. Makowski / DMCS
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XFEL Summary

Summary of LLRF module and uTCA progress status:
/ = ADCM (Advanced Drift Calibration Module):

—— * REFM (Reference Module):
! 2U'mli;:ﬁ°n i = LOGM (LO-Generartion Module):
RE Reference Link :
Panel e = UTCA — Rack (LLRF boards): Delivered, test state

Distribution B .
ki DWC8300 (Down-Converter): Delivered, test state

9U uTCA crate S1S8300 (ADC Digitizer): Delivered, test state

Kt 150mm card TLC

d) FontRaarcooling u (LLRF Controller):

Driver - uTLC VM (LLRf Controller):

B _-Flezo Contoller URFB (RTM backplane):

Moto

d) : = PIEZOM (Piezo driver):

= /! \ = Power Supply
Clystron Driver gGignal
// | -w

Driver

Passie Referencs Disrbuton

|
s o - iz Fack s, Daemarmowe
& calBraien Madule Cortarer
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XFEL| Summary of the XFEL LLRF Roadmap

Installation and infrastructure decisions

= 2 uTCA stations, 1 klystron supply 4 cavity modules for the whole XFEL
» |njector systems are doubled for redundancy and crosschecks

LLRF rack decisions

= VME -> uTCA common shared crate standart

Support 12 slot standart double sized uUAMC and uRTM boards

Low latency LLRF AMC backplane, distributed FPGA & DSP support

10 channel, 16-bit ADC 130Msps support (SIS8300)

Customer backplane for 10fs RF-signals and 100fs low jitter clocks

Separate redundant power supplies for analog & digital boards

Ready for channel parallelization for future demands

Separation of algorithmic and hardware firmware for easy software support
= Multi-channel field detection

Non 1Q sampling method for easy servicing

1.3GHz, 3.0GHz and 3.9GHz operation for all customers

16x3 channels for Probe, Forward, Reflected signals

Multi-pluggable coax cables for RF-signals or IFs for easy maintenance
= Reference injection for a long-term stable machine operation

Fixed N-type 1/2” Heliax cables for Probe signals

Fixed N-type 3/8” Heliax cables for Forward, Refleced signals

0w @)
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XFEL[I Timeline

Time line
2010 2011 2012 2013 2014
< | 3 vears left | Ist. INJ Beam INJ :
. 1 N
| Inst. LINAC ] Beam LINAC

Operation
Design frozen
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Courtesy: H. Schlarb / DESY
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XFEL

Thank you for your attention
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