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1 Experience with Noise and Signal Integrity within a uTCA crate

Xeei | Outline

Motivation / Requirements / Status

Noise, Drifts and Distortions in a LLRF system
Signal Integrity in the uTCA architecture
Beam Operation

Outlook
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Experience with Noise and Signal Integrity within a uTCA crate

European 1 1
XFpEL Motivation

Requirements for the cavity field stability (long- and short-term) :

Injector  3rd harmonic Booster Linac Main
Linac RF section with 3x4 Modules Linac Undulator

R56 = 100 my

R56 = 15-25mu

- [ -Band Module )
B : 3rd harmonic rf Module 0.4 -0.5 GeV

B: Bending Magnet

2.0 GeV

(at 15 MeV/m in booster)

17.5 GeV

1: Vertical Deflection Cavity\Section

B Wirc Scanner Section

Cavity field @ 1.3GHz : AAT A, =0.01%, AAT A, =0.03%, AAT A, =0.1%,
Amplitude and phase stability Ap,.. =0.01deg A, =0.03 deg A, =0.1deg
FLASH A cavity field fluctuation of 1% causes 6ps bunch arrival time: E-Lﬁhll_iantpticaﬂ SynCh-rt?]ninati?n ofa .
Lo 0.0016% required for 10fs (without feedbacks) Procision ", Hamburg 2000, Section 4.2
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European

XFEL Motivation

Field regulation and noise sources :

Experience with Noise and Signal Integrity within a uTCA crate

Beam energy jitter

} (simulated)
ystron Cavity
Reference + Error ; Total energy spread (Detector 1)
Input Controller —#={ Actuator mm > — = = Detector 2
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- ek
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_______ - w
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Master =
Reference

Main requirements for the field detector

- Shortterm amplitude/phase stability
- Longterm amplitude/phase stability
- Nonlinearity

- Channel crosstalk

- Overall latency

<0.01%,<0.01deg (10Hz-1MHz)
0.01%, 0.01 deg (forever-10Hz)

< -55dBc, 1% error Actuator
< -70dB .
<100ns phase noise

Field Detector
amplitude noise
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Experience with Noise and Signal Integrity within a uTCA crate

su(rE)Erl‘_ Noise: Single cavity resolution

Non-IQ sampling field detection : Noise balance

Receiver B
LO-Generation i N A S Y
I
. . . Egym_ 3 ¢ ST e L : : 4
ADC (limitation) : | AAIA=3.2E-5
0 02 04 06 08 1 12 14 16
time [ms]
-150dBc/Hz - el N S S S S T
= AP/P=0.0022°
0 D;Z U.Id U=E U.lﬂ 1I 1 I2 1 i4 1.i8
time [ms]
cavit;
1nn y/\N\m Single Channel Field Detector
VIV VIV \VVIVIVAV; | == === === eceeme e e e e e 1

-147dBc/Hz (16-Bit ADC)

A Ap

'
'y
'
BPF - CIC Filter ;! A, A{D
.| - _ . 1 N ‘
| % »| - Digital IQ' Detgctlon T >
| - Input Calibration : 1
e LA SUUP N S pupu Hy
! Intermediate frequency ADC clock :
: [10MHz-50MHz] i
Master- 1 1
OscillatorJ | _____Y _-150dBcHz E
11
. Sample frequency 1
[
@—.—@b}—:: LO and CLK Generation i [50MH2-130MHz] i
Reference L o e o o e o o e e e e !
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1 Experience with Noise and Signal Integrity within a uTCA crate

SU(E)E'I'_ Drifts: Single cavity resolution

Long-term instability of the field detection :

caviy Single Channel Field Detector
TAAAAATATATAYAY Tt LTIITITIIIITITIIIIIITIILUN
ViVV.VV.V.V.IVAV) k _ ' | _ _ _
Receiver 1 Sampling and Field Detection

= 2e-3/°C, 6,= 0.2°/°C

1
1 1
1 1
1
. :.
I 1 :
1 1
1
: - CIC Filter ; ! A,A(ﬂ
- : ADC - Digital 1Q-Detection - >
1
! - Input Calibration L
1 1 1
1 1
LO-Input

1

1

:

1

Master- :
Oscillator i ________________________ | !
] 1

! Sample frequency !

) 1

1

1

1

A

A Ap

0

R

1
1
1
1
1
RF-Input :
1
1
1
1
1

LO and CLK Generation n—qﬁ)—— [50MHz-130MHZ]

Reference

Amplitude drift of vector-sum in ACC436 for 10 deg. C temperature change of donwnconverter
Temperature sensitivity of downconverter for amplitude is approximately Ze-3

[Mev] TTF2.RF/ADC/VS_ACCS_G6.PROBE/AMPL_VS

L ' ] ...caused by temperatur and humidity act

466.

iy T on cables, dividers, amplifiers, filters...

462.

460+

N ‘ [, T T I, ...hopeless in a distributed system... @
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1 Experience with Noise and Signal Integrity within a uTCA crate

European Distortions: Mechanical vibrations

ACC1 pickup-cable vibrations : ACCA456 Ext. Hall 3 :

During night
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phase error [deg]
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1 Experience with Noise and Signal Integrity within a uTCA crate

European Status 2010: FLASHs LLRF system

XFEL

Upgrade of all injector RF stations
New cabling for RF-Gun, ACC1, ACC39
Enclosed racks for better temperature stability
Parallel cabling for development system
Careful noise investigation, documentation

Energy stability improved by
a factor of 3 to dE/E=5E-5.

Ny We'‘re done ? . ..

ACC39 DWC
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Experience with Noise and Signal Integrity within a uTCA crate

;u(rE»ErL Consequences from FLASH operation
Actual FLASHs LLRF limitations Roadmap for the 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 will be 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 redundancy » Redundant systems in the injector
= Pluggable connectors are not drift compensated = Rack will be fully drift compensated
= No channel parallelization for more performance = Scaleable system

| ¥ N\ | T W
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I - Experience with Noise and Signal Integrity within a uTCA crate

European Consequences from FLASH operation
XFEL

2 semi-distributed uTCA stations supply 4 cavity modules (JO,L1,L2,L3)

In the Tunnel

— — _—
_ |
Cryo-module 1 Cryo-module 1 Cryo-module 1 Cryo-module 1
l [ l l
L | | 1l | | —
8 Cavities 8 Cavities 8 Cavities 8 Cavities
é ° r— g O r—
8x Power Forward § 5lc & 8x Probes 8xPowerForward @ 5[5 @ 8x Probes
8x Klystron Chain & Reflected L &Refiected | § 4[E £[3
Diagnostic e—( ole & é 8x Piezo Sensor ‘2-( e & I 8x Piezo Sensor
mieg&, & Control eoii*g;a:'a & Control
» Clock Distribution 18] Sls S| Oly
MO <5 ! o5 -
3|3 Master/Slave = 3
] OlE
LLRF System a
Beam Diagnostics
Klystron Klystron Control —
Control | F Low Latency Links (Fast Feedback) F
Klystron Diagnostic > >

Driving Argument Short pickup cables for low drifts (10fs/m/K)
and prevent crosstalk from high power cables
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1 Experience with Noise and Signal Integrity within a uTCA crate

European =
XFpEL Packaging Balance for <-80dB Measurements

Orthogonal packaging balance:

Modular Crate System :
(+) Sharing resources with the market
(+) Compact design

( ) Channel parallelization limited 19“ Module Design :
(-) Not robust against distortions (-) Special Design
(--) GND imperfections (--) More space consuming

(+) Channel parallelization
(+) Robust against distortions
(+) No GND imperfection

FEFITTTEETS

Crate signal integrity - GND concept has to be revised (towards RF-housing)
- Inner distortions have to be reduced (Power Supplies)

- AMC, RTM board classification

Libera Workshop 2011, 30.09.11
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1 Experience with Noise and Signal Integrity within a uTCA crate

European uTCA LLRF hardware platform
XFEL

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

Inputs from
cavitis

00 000
00 000
00 000
o0 0 000
(= S =] . .
CAlbraionbox - gt DCModule (no drifts within the rack)
= -
ISE, DMCS, MSK
0O LO Generation Box []
— = .
2U - Calibration box < LOGModule (Local Oscillators)
20 0 E/ ISE, MSK
RF Reference Link
3U LO Generation & " LO Distribution Box | ,
Distribution Box o .

o [ 5 — \- 3
9U uTCA crate ﬁ |
150mm card 4 pu q : a % ; : RTM = | AMC

il I8 N | | iroc : i 1
d Front-Rear coolin BN ol [FAmC i RF Backplane —
: £lo(sla (s Blopiiat 1 rr T - e |
Driver Mlulc|c|c|c®lc el c i 7 o i 1 1 |
N volrTr=g : = = ==
2 O A = S = L a4 T =3 —_—
Piezo Controller d vorin [E=|c|o|o|0 g0 oo i . BBF™ 1 i I o
2U - +12V, +15V, +48V B |[B]e|cfofo o alo 4 Slave g Te] ¥ o vl
Motor POWER SUPPLY (redund & Station 2 g = s
d) U - Pan N 1 | e
2U - Spare Bf —= ] )
Driver 3U ' FISZ0 COMNORE | DYt} PIEZOModule (Piezo driver) o
Clystron DriverAgnal E -
/ j Power supply (red : Power Supply (redundant)
/ - industry
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European

XFEL

...and the crate.. ..

\

Experience with Noise and Signal Integrity within a uTCA crate

uTCA LLRF hardware platform

AMC front : (data pre-processing)

Low-latency links

(Partial vector-sums)

Slot #01.:
Slot #02:
Slot #03:
Slot #04:
Slot #05:
Slot #06:
Slot #07:
Slot #08:
Slot #09:
Slot #10:
Slot #11:
Slot #12:

7| PU 4 [ |
230->15V/ c| |T (M A
P v [B| D

o v Y c

PU [ S| [5[2]t
UTCA | [Ego

=]l [8%o

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

00 oo> @

1) 11 12

Oof oo> @
Oof oo> @

H00H no> E
{oof oo> TEEE
{O0OH 00> THEE

(Industry)

(MCS)

(MCS)

(uTC / DMCS, MSK)
(Industry, MCS, MSK)
(Industry , MCS, MSK)
(Industry , MCS, MSK)
(Industry , MCS, MSK)
(Industry , MCS, MSK)
(Industry , MCS, MSK)
(Industry , MCS, MSK)

PU
230->15V|
M .
ﬁ PU
WTCA

RTM rear: (signal conditioning)

12 11 1009 8 3 2 1

7 6 5 4

OOOOOOOB

L O|O|O|O|0O|O|O

35 O|0|O0|0O|O|0O|0O|0O

=) (o}

e alwlwle|wlelvRS

= clclclclc)c]c

(7]

0 PLELELE b

= O|0|O|0O|O|0O]|O )
O|O|0|0O|O|O|O|E

000 [::J(!::Jlaﬁ

O cu (coe) (]

ACh e

Slot #01:
Slot #02:
Slot #03:
Slot #04:
Slot #05:
Slot #06:
Slot #07:
Slot #08:
Slot #09:
Slot #10:
Slot #11:
Slot #12:

Klystron Driver
DWC, Klystron Chain
DWC, Reflected
DWC, Reflected
DWC, Forward

DWC, Forward

DWC, Probe

DWC, Probe
LO-Generation

(uTC VM / DMCS, ISE)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(DWC8300 / ISE, MSK)
(Instrumentation Technology)
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Experience with Noise and Signal Integrity within a uTCA crate

European uTCA LLRF hardware platform
XFEL

innovative
systeme

10-channel Down-Converter Digitizer, Partial Vector Sum g

o s
- RUEREI
- ; iFirfanLend '
o [} Mixers : .
= [ 10 Chanhels |
:\| : ; —
= 2 =
= '| .g s -g‘ll_—-
= " i : —
= (RAAAAA AN
= "J!i‘ifiii:w i I = ¥ —
B A g = ~
(i Il = e - |-
- ‘ “i‘l!j‘ i | | " 50 !.' -l ,CL
il i - 2
o N (HAHENREH S = ¥ ; e R » Ia ):
= A A B Ja b |4
— (T = : :
. =1,
- =

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

- 10 channel field detection
(1.3GHz, 3.0GHz, 3.9GH2z)
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1 Experience with Noise and Signal Integrity within a uTCA crate

European uTCA LLRF hardware platform
XFEL

Klystron Driver LLRF Controller

LYPO21 04000
CHDINNANEL 944

L AS6XSASOX

- 2 channel vector modulator
(108MHz, 216MHz, 1.3GHz...3.9GHz)
- 16-bit DAC

- LLRF Controller, 6 Fiber-Ports, 2 GB-Links
- FPGA(V5), DSP

Libera Workshop 2011, 30.09.11 i . T —
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1 Experience with Noise and Signal Integrity within a uTCA crate

European Status 2011: FLASH injector prototype system

FIL

uTCA Prototype Front view uTCA Prototype Rear view

LAY
i.'
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1 ] Experience with Noise and Signal Integrity within a uTCA crate

European

YEEL Signal integrity : Grounding concepts

Bypassing ... external distortions or grounding distortions :

Shared GND via ZONE3-connector

for AMC — RTM - AC coupled applications :

= Single-ended RTM input signals

Analog differential signal transport over ZONE3

Bypassing distortions into the chassis (controlled - TBD)
= Controll GND backcurrents

GND decoupling using diff. Inputs

for RTM — DC-coupled applications :
= Digital signal transport over ZONE3

... or combinations ...

Pseudo differential input

Libera Workshop 2011, 30.09.11
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I - Experience with Noise and Signal Integrity within a uTCA crate

tucpean | Signal integrity : Zone3 IF-Performance

Short-term stability in a uTCA crate (laboratory)

& Agilent ES052A Signal Source Analyzer

00dBJ Ref -20.00dBc/Hz
9.9940 dBm

Laboratory
Reference
1DUT

RMS Jitter:
Residual

IF Gain 2048 Freq Band [39M-101MHz] LO Opt [ =150kHz] 775pts
Phase Noise Start 10 Hz Stop 10 MHz IECTCH
Phase Noise: Meas (R [Sauind EENNEN OS] B B

150mVpp, +12V uTCA

XFEL field detection requirement of the
receivers short-term stability is fulfilled.
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I - Experience with Noise and Signal Integrity within a uTCA crate

su(rE)Erl‘_ Signal integrity: Single channel performance

Short-term stability in a uTCA crate (laboratory) :

w10t Channel 6 Channel 6
3.4086 : g . T . ; ; : 162.115 f . - , : : ; r
: . : : | 9 A AA= 280005 | : : : : : ; | + A¢>=D.004°|
3.4085F--------- RETRRRRRS ; .................. e s ,.3 ; : : : : f /
3 F : ' Y : 162.11 R RRETEE" EETRPRRE .......... .......... .......... FECERTRERE .......... R ¢
34084 pofh il BEE o B B B ¢ Bt RB ;o B - o : : : : . F
‘ s 5 & ifE %IRRT : S ' : : ;
_ 340838 g 162105 @ 1
@ ' =
w =
o =
T 3.400 | - 1 = 1621 1
< 34051 K SIS BETRCEE TS SU S "R . =
7 162.095 § Channel &
o ¥ e 0 - - - - T r
3.408 PN . . 4 i} ] : : : : :
: : g , : : , : ». Raw:-Data IF Spectrum
: : ] ‘ by : : 162.09 - b ] ; : : : : : :
| I A B ; o (NORF-signal) |
; | i i 1 i ] i § ] : i
el 0.1 02 03 04 05 0B 07 08 09 162.085 @ a0t : ; :
time [ms] 0 01 0.2 o
Testconfguration: 'P;l' e -
- DWC8300 R1.0, SIS8300_V2, MCH, CPU, uTCA crate ) | L,
- DRO 1.3GHz (PSI), 1354 MHz LO, 54MHz IF, 81MHz SR Power-Entry-Modules: < 110dB spurious free _ .
- LO-Generation Module (19%, FL, PM version) . :
- Offline Matlab non-iq analysis (N=65K), 1MHz Bandwidth Poor Power Supplies : <80dB SFDR 120 - A
O il
0 3 10 15 20 25 30 3k 40

frequency [MHz|

Single cavity resolution improved by a factor of 5 to dA/A=2.8E-5.
Signal integrity in uTCA crate achieved Eval board performance.
(using a Power-Entry-Module, Ericsson BMR911483)
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Experience with Noise and Signal Integrity within a uTCA crate

Su(rE)Erl'_ Beam operation using the uTCA-platform

FLASH operation : On-crest energy stability :

ACC1 Operation (MicroTCA Version)

RFStationKLY2 i Show Couplers
Voltag 150.00, MV '
KLY2
VSreadback  0.24MY PreAmp
46.04dg Enable
10,00
Phase : |
Interlock
st i 2011-09-15T013652-dEE-ACC1-3BC2; T = 0;,_ = 1.00 MHz
: P ET 285 T T .
I ErrorMsg : FSM.ERRORatslave:alive:.. I ; ; + slope sid 0.006%
; : : : + gauss sid =0.005%
FSM on ERF on FSM is of f § 3 : : ] i /
m Feedforward
RF gate status
&
E Feedback w
2
LoopGain el _ Bwpert s
k)
By, 4ea) 3
150.4- 10.64 5
10.44 @
3
150.2 10.2+4
o
10. ik 2
150 =
9.5 @
149.8-] 9.6 : :
9.4+ i &
sl 9.2- + o s« hpie
1494 T T 9. Wﬁ' : %
600 700 sbo 900 1000 1200 1400 1500 200 400 600 800 1000 1200 1400 1600 . At 9 : *",t‘ hd T
[us] [us] ! :
|Q Probes ] : o 20 40 60 80 100 120 140
__________ G 6 a o) time [sec]
| a e a | o i
" el i Energy stability dE/E=0.5E-4
- L] L]
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I Experience with Noise and Signal Integrity within a uTCA crate

uTCA LLRF hardware platform

European

XFEL

m Temperature Control & Monitoring Board for 19“-modules

=  Control module for all 19“ modules

= Common hardware, software and firmware Instrumentation

Technologies

ADC, DAC data-acquisition (16-, 24-bit
Peltier temperature control

I2C, GPIO, Rocket 10

Communication Interfaces

GP LVDS Links

Ethernet

Base board

> Fruitful and
uncomplicated

19” box cooperation.
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Experience with Noise and Signal Integrity within a uTCA crate

European Signal integrity: Low jitter signal distribution

Introduction of an uTCA RTM-backplane

Inputs from
cavitis
-_!_ —_— -
o0 0 000 i
DOOO0O0 _
o0 0 000
00 0 00O
Fref 5 00
LO o 00
81 MHz o _oo
-
Montonng 9
HP
AL N X-2-0-KJ
oo0oo00000

PIEZO M PP
e it 1 4

Complicated cable management LLRF RTM backplane concept

Libera Workshop 2011, 30.09.11
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1 Experience with Noise and Signal Integrity within a uTCA crate

European 1 1 - . - . . . .
XFpEL Signal integrity: Low jitter signal distribution

uRTM and uAMC LLRF backplanes I \

...tobetested. .. ° s 179 B2 5
|| RTM % AMC .
% S Standard ]
3 u/ Backplane
“ RF Backplane X ]
y
(J J (J (3 - f
E o o o o 3m
a T -
i i e
@) ‘n o ?
D FJ =
® ® |&
r 0 0 G r e (2 " o o ® - ~ -
- Low jitter clock distribution < 200fs
(e.g. ADC-Clocks)
Redundant linear power supplies
(e.g. +7V, -7V)
«
e A ] v 0 @ 3 . A - = - Low jitter RF-signals <10fs
iR R ST S (e.g. LO-Distribution)

Libera Workshop 2011, 30.09.11 ) . a8 £ weLmnovrz
Frank Ludwig, DESY (1se) \kﬁ ‘;';? ‘o | ASSOCIATION



1 Experience with Noise and Signal Integrity within a uTCA crate

European 1 1 - . - . . . .
XFpEL Signal integrity: Low jitter signal distribution

uLOG : RTM low jitter signal generation

Instrumentation
Technologies

Fruitful and
uncomplicated
cooperation.
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1 = Experience with Noise and Signal Integrity within a uTCA crate

European - - .
XFpEL Timeline - Deadlines

DES?

Y-BAHRENFELD

B (;‘}7‘

XFEL LLRF uTCA Timescale

Time line e
2010 2011 2012 2013 2014
| " 3 years left . - ‘!nst. INJ 0 Beam INJ :
. ]
| el I I @ inst. LINAC ¢ Beam LINAC
1 3 ' Design frozen ! ! I 1
1 1 I I 1 I
| 1 ‘ I I | I
I ! ! | 4 I
: 12m 5m 0 m
| % & 2 * |
| CR . L % X '
7 (o) o o)) I
S ) I (= ) <
1 - c. < 1 z 1
| . Z | Q. 1 % 2 Q
o % o % ¢ © I
| © — I 0 2
. % - 1> 2 I
1 \% 0, | 1 L
| | ! ! I LS
| I I I I %,
1 | I I | )
1 | I I | -
I | I I I .
| 1 I I 1 I
gu 011 - LN
—
Complete FLASH
uTCA operation
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European

XFEL

Experience with Noise and Signal Integrity within a uTCA crate

Summary of the XFEL LLRF Roadmap

A LLRF concept based on uTCA - platform is presented.

Recources are shared within DESY, collaborators and industry.

First beam energy stability measurements using
the uTCA platform fullfil the XFEL requirements.

Low distortion power supplies are needed.

A Crate, AMC, RTM module distortion classification is helpful.

Thanks for your attention!
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