Knoxville, LLRFO7 Workshop 23/10/07 & ‘

Survey of Receiver Hardware and Techniques’

- Frank Ludwig / DESY -

Content : 0 Motivation

Survey of Receiver and Hardware techniques

- 1Q Sampling (switched LO signal)

- IF Sampling + Digital down conversion (RF down conversion)
- Direct Sampling

- (Baseband sampling (analog IQ detection))

Beam stability measurements

Summary and Outlook
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Motivation @

Synch. System Cabeling
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Analog Hardware

. . Packagin
Gilbert-Mixer Linearity Drifts Ing
Crosstalk compensation
_ Beam-based o e
High-Level feedbacks Digital Hardware ~ Arrival time
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Energy spread 1/f-noise scheme
monitors
Scaleable Automation ~ Vectorsum
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Actuator noise

_ Master
ADC noise Reference

What is most important for a beam stability significantly lower than 0.01% ?
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o Phase noise measurements :
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Phase noise budget at FLASH (Switched LO, single cavity)

e Contributions to cavity field jitter :

i

i I I | I I
-80 Master Oscillator
= = = = Downconverter output
= = = = Cavity output
—_ = - Residual phase noise
N'-100
% - o’.. Noise appears at the DWC
= _ 2 e
@ 120 |- output but not on the cavity field!
g i | )
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D o0 B Residual Jitter N Beam-based
- Induced Cavity Field Jitter . monitors
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10" 10° 10° 10* 10° 10®° 10
frequency [Hz]
Subsystem Phase noise | Residual | Induced
[dBc/Hz] | jitter [fs] | jitter [fs]
MO see Fig.3 14.1 5.5
DWC (Frontend) —147 1.8 1.8
DWC (ADC) —135 5.8 5.8 | (Complete ADC module)
MOD —110 1.2 1.2
/"\\ - High frequency noise is filtered by

the cavity, but not drifts or 1/f-noise!
- Beam relevant frequency range [1Hz,100kHZz]
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Motivation I
,Beam performance®:

Increase SNR by »Display property for the operator:
- Increase input power vs. linearity Noise appears at the DWC output
- Decrease noise spectral density but not on the cavity field!

of the down-converter

Choice of sampling method (minor problem):
IQ sampling system - [1,50] MHz CW system

-80 Master Oscillator * gives together with the high ADC sampling rate
- :83‘\’;;?;32;’;5;” °“t'p“1 the possibility of averaging (reduces noise at high
N -100 Resldual phase:nose frequencies mainly for the ,display” )
I . .
° - * Increase input power, reduce mixer
=} ] @12 post amplification and fulfill linearity
@D _ — ags . .
2 1= condition for the vectorsum calibration
| == - :
dJ Ekmeet = » l“ 'hl' e i_ '_.-' H
2 0 L Averaging ~
=3 gy
o A Filtering
w 160 — Residual Jitter
- Induced Cavity Field Jitter
180 | | 1

=
N

10 10 10>  10* 10° 10° 10° ;
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< ]

l

Effektive noise bandwidth for the
beam jitter induced by the LLRF
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LIO

="

HCADCPT/QQ

analogue

digital

(Courtesy of T.Schilcher/ PSI — CAS)
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IQ sampling scheme in practice

e Actual LLRF control system using a switched LO-signal : e Phase and amplitude detection
of the cavity field vector :
high—power
vektor—
dulat it : : :
S o Rotation of the LO-signal in four 90° steps,
@ 100 :T(:;::/:\’/fj 1300 Klystron 1300 _\/UWWUW ] USIﬂg a 250kHZ Squared LO'SlgnaI
Master—
osisillzior |m( Q ) N
1300 (-L+Q) -7 7 (+1,+Q)
f__|1300 ’ .
f RF ) \

M LO 1 k
/’,Tr/\‘,\\ 1300 LO-signal  ~_ 1300 down- ! \
‘_\EL{,’ +250kHz L~ +250kHz converter ' i >

4 . \\ ! Re( I )
LO-Driver digital part 250kHz . ,
/\ Z% rect-signal ( | Q) N 4 |
-l,- \\s ”/ +]| -
R [ —— -k (+1,-Q)
DSP ] ADC
1 Im DAC
Asymmetries cause paad
ripples in [,Q :
e Down-converter output IF-signal :

voltage | . | Bandwidth for transforming
| ZmV/div | 250kHz squared pulses :
Af ~10MHz

but required regulation
bandwidth is only :

Af ~1MHz

~f—toons/di
.111.. ns/div

time == { I
500us/div |

LI ¥
]
. . ACC5, |Probe " |sam zAve,ragin{; .
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|Q sampling in practice at FLASH

ACC2, ACC3, ACC4 & ACCS

Gun and ACC1

Frank Ludwig, DESY



|Q sampling in practice at FLASH Ii l

e Performance of the 250kHz IQ Sampling scheme at FLASH :

relative amplitude error

: : ! : : I ] : : : acct rms.err 0.00055289
acczs rms.err 0.00026888
accds rms.err 0.00070163

q

1.02f

rel. ampl, error

098F - ff-ri

accelerating voltage [a.u.]

006k tl o P . , ............. , ............... , ............ , ......... I , .............. , ...... - 0.995 ; . . :
650 700 750 800 850 900 950 1000 1050 =00 Sac e Thoe a0

time [us] oAl A~ 2 .10™..7-10™

phase error

- — — 0.6 T T T T T
i ' ' ' : I : : l i : : accl rms.err 0.055742
= O4F g -~ - - i acc23 rms.err 0.030381 H
o accds rms.enr 0.041623
D .
T, — D2 RTEEACIR & AL A e e =
2 >
O
g E 0.2
C e
= &
b S 04
% B it O R A S R e e .
—O'S i M - i M
00 850 a00 950 1000 1050 1100
650 700 750 300 850 800 850 1000 1050 100 time [us]

time [us] 5(0 ~0.03...0.05°
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|Q sampling multi-channel down-converter at FLASH I

8-channels from cavity probe : 8-channels to ADC-Board : LO-Input :
Pse = [-40dBm,—10dBm ] NSy =700V /[ VHz Po = —5dBm

Frank Ludwig, DESY



Actual multichannel down-converter Ii l

e Compromise between noise and linearity :

IP3 P2
I * ‘ | 4 PlF A
5 : High IP3
= I POUT,ldB 9 )
2 g I Passive
~ g Mixer
E g a4 Gilbert Spurious Free Dynamic Range
j 1 152 Mixer Dynamic Range (DRout)
> B g 2 28 (SFDRout)
| l ‘ = Noise

F-3
=

I:)RF

N ~45nV //Hz ~TVIVHz ~ ~70nV/\Hz
- Second amplification determines performance for =1300 MHz
- Expected down-converter performance X

from baseband measurements:

(4A/ A)=0.2E-4=0.20U ., ,(Cavity filtered)
Af =100kHz,

f,o =1300 MHz

Sy =(Sy e+ Sy avp) 'a
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Blockdiagramm and Performance Tests Ii

e Simplified block diagram of a down-converter :

EE EE ii E Receiver — Channel 1 E i Sampling and Field Detection i
R ;ﬁ il Fiter [ | _ 1O- Calibrat _'I_'
':_: : 1 : Detection alibration :
C LO and CLK [ Lo-npu fIF fs
ohaser Generation
. ADC clock
(noiseless)
Sample frequency:
N—1
f — E’fIF N, M: integers j 3 '-sin(z'-A )
M N samples in M IF periods - N Yi 2
=0
Phase advance: 9 N-—1
1 M Q=" yi - cos(i- Ayp)
Ap =wipT, =27 = 2m — N 1
¥ IFlsg Tir N —~
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Receivers worldwide

LBNL: L. Doolittle, ORNL: Hengjie Ma, Mark Stuart Champion

ciie
==01yF

e |Input Channel: RF Inpul Channel L
INPUT 56MHz -2dBmF.S. %;‘MT g2 CLK— M=
:;gud‘:d:;:‘i Spr g ‘T'm;";——H—{I--l:w'osJ cmrp cpms LTC2249
J1o1 o o 8% 4TS S=80pF == LSpF LopF e uiot
250 J: Tﬁi o i”" - J_‘—E“E’” aFra)
o VREF —22Y e lg%img Ef
High IP3 Mixer! _Step-Up-
Transformer
® Properties :
- Controller Board including Mixer, ADC, FPGA, DAC ® Project Status (May 07):
- 4 Input Channels with - 6 boards existing
- Mixer SYM-25DMHW - Problems with LO distribution
- High speed ADC (LTC2249 80MS/s) - no up-/down-conversion
- Clock can be derived from LO via AD9512:
1244 019 MHz LO 7~ ThIS ,Eval’-Board gave strong
1244019 MHz— —— (55.981 MHz IF) impulse to the LLRFcommunity!

151 77
{dismbution over coax) ] 6 | 71751 MHz Clk

Frank Ludwig, DESY



Receivers worldwide D
Pictures of the Receiver

Conirol

Ref Ling (3)

Cavity Probe
24)

Cavity FWD
Powur (24)

Cavily REF
Power (24]

- Perfect packaging
- Scaleable for ,parallel* Detectors

- Clear analog digital separation

Courtesy of U.Mavric, B.Chase / FNAL
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Receivers worldwide

Schematic of the Rc

i
r—_—_—_—_—_—_—_—_—_ EEE NN N I S S I S S B B B B B B B S -
I RF Monitor Cuidput I
I 1.3GHz I s IF Monfior Oulpul
 BPFitar =2 13MHz I
[ F" Order, BW=200MHzZ THS4509 13MHz Cheb., 3™ Order]
— \L Gdiff = 26dB Motch at 26MHz 1
I -4dEI s 25E‘_HW 14 Imp
IF Qufput I
[ Cavty Probe input "" i ” | ADC-10-4+ 13MHz +4dBm
1,3GHz +20dB8m DETC-17-5+ . ,J {10dB CPL) ]
(708 CPL) _— = LP 1325MHz,
I I I N I I B B B B B B B S B B S . I

v—ﬂq'l,‘\.l— I

. = DD D ——

Ad i 1373MHZ
BN EEEN BEEN BN BN NN BN BEEE BN BN BN BN B B B S S e . .

LO Distr. ]
_”_[> |LF'1325MH2 W l

LO CH2
L CHI
L CH4
LO CHS
LO CHE
L0 CHT
LO CH8

LO tnput

f WRdN
1313MHz +20d8m ? [
Re—
| LF 1325MHz
L0 Monitar Cutpif
131 3MHz HMC4545TES
G=13.548

To the Transmilter Psat=27dBm

N I I S D D D B B S e e e e bl o D D e D D S S B B D B B B B e .

512=-22dB

2= Fermilab [k

Courtesy of U.Mavric, B.Chase / FNAL
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Receivers worldwide h
Main Parameters Table &

Parameter Value
Amplitude Noise 31dB (Inj
Residual Phase Noise ( ) Ok
Linearity 38
Temperature Sensitivity of Phase
Cross-Talk

Power Consumption

Number of Channels per board
Cost/Channel

Courtesy of U.Mavric, B.Chase / FNAL
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Receivers worldwide I

JLAB: C. Hovater
~

VME Back Plane
Mother Board
ADe53
Wi WA 14beADC Pt ALY

it

FE

£

Mlaster Oillator Chaneis.
(L0 snd Relevence)
L0y = 1427 M, Chack 10 Mk

Receiver:
WJHMJ7 (high IP3) + AD6645 ADC
< IF: 70MHz, Clk: 56MHz (AD4001)

2006: FPGA motherboard with special purpose daughterboard

Piggy-pack board

down-converter!
® Results :

1497 MHz version has already received preliminary testing on a SC cavity:
- Phase: ~0.3° rms

- Amplitude: ~ 3x10-4rms
(values: LINAC2006)

Frank Ludwig, DESY



KEK — MULTI-INTERMEDIATE FREQUENCIES I

e Problem: one ADC per cavity - difficulties in board design

e Solution: Multi-IF scheme - two different IFs combined and than sampled

Super Conducting Super Conducting

Cavity #1 Cavity #2 Set
Coefficient #1 ~ Veotor  rapje
Test set-up: £ i U
N 1.3GHz N2 — N1 — O _|'bact |
SR - 40625 MHZ Combiner averaging avemging 1
IF, =6.77 MHz . 2 -
_ . +IFZ Feedback
|F2 =10.16 MHz IF1 + _H- Operation
No real downconverters yet >
but FPGA based cavit N1 N2 '
simulators g " averaging averaging —rDAC2 Q
'\
Coefficient #2
LO #1 LO #2 Virtex-1IPro30
1.3GHz+IF1 1.3GHz+IF2
Advantages: Disadvantages:
e number of ADCs reduced by half ® increased delay
o : . .
averaging reduces noise and jitter Future plans:
o
KEK-STF phase 1 requirements: Results gys: Three (or more) IFs
AA =0.3% AA=011% e Delay reduction > higher SR
A =0.3° Ap =0.05°

e LO signal generation

Frank Ludwig, DESY




Multichannel Packaging and Preprocessing i

Multichannel Receiver frontend + fast ADC board for prototype testing :  LO distribution
(DWC2.0, BAM1.0)

- Shielded subsections

- Strong AGND to
RF GND connections

- Frontend mixer and ADC
easily changeable
(Applications:
Bunch-arrival-monitors,
Beam-position-monitors,
Beam-based feedback,
LLRF passive-active)

ADC:
(LT2207,16Bit, 105Msps)

Analog frontend:
(based on High IP3
Mixer HMC483)

IQ detection +

fiber interface board :

(ACB 2.0) ‘
- 1GBit/s Optolink, Clock shifting Unit:
- 1GBit/s Ethernet Fiber interface (based on AD9510) - Macrobunch Buffer
(Rocket 10 Interface to SIMCON DSP -FPGA pre-processing (approx. 64MB)
approx. 350ns latency) (approx 400ns delay) (board 130ns latency)

Frank Ludwig, DESY



Multichannel Packaging and Preprocessing i

Other Applications : _ | Y S
| —— . = = = B s 7= :
Bunch-Arrival-Monitor '“ - - a — e . | Interrace

for a resolution <10fs

16-Bit ADC,
130Msps

RF-frontend

Fiber Signal
Input —

Fiber interface  Digital motherboard (ACB 2.0):
to SIMCON DSP - Provides Preprocessing and Fiber interface to controller

Frank Ludwig, DESY



Single channel passive IF sampling down-converter i

e Laboratory performance : e Shortterm stability :
Att. Mixer | BPF | Trafo | ADC | System g Measurement Stability
NF [dB] 1 11 3 1 ( 35 ] 41 . : 5 . r . : : ’
1IP3 —_— B ........ ......... L — e BV = 27MHz _ o
[dBm] 48 36 35 35 / 36 7 A A m—
[T : ; : : = , =10 o
G [dB] -1 -11 -3 9 / -6 A b e aws ke, aam = 0003 |
o mm m - ———— 1 E ; ¢ ot | ' 411 .
: HMC483 54MHz ADTS-1T ! 3
| HMC540  Mixer  BPF : 2
| | E - 3
. 7] :
dig. Alt \ :
"o 5 0 15 a0 25 WM 3% 4 45 A
time [us]
L [ owe My
o i § : : ——BW = §fHz, A= 0.009°
B, 005k i | BW =] 1Mz, A9 =D.003° ||
NI NS
@ bt K Bl 44 isaaauait 42
b : -,
© : b 3
s
OOk U
. 0 ] 10 15 20 25 30 35 47 45 a0
e L O and CLK Generation setup : time [us]
RF output
rach "\ Shortterm stability (1MHz Bandwith) :
RF 54 MHz \') :
13 GHz ' LO output 8, =3E-3,6_=3m°
DRO 24 13 ‘l>_®-' x 354 GRz o A P
1.3 GHz Drift stability :

&1 MHz

6, =3e-3/°C, 6, =0.2°/°C
Az H > A P




Receiver performance at FLASH i

® FLASH injector : e Vectorsum stability with closed control loop at ACC1:

= = = Amplitude [U]

""""""""" - - -Pha;e [rad]
%'_) _________________ _______________ ' I"I’I’I’
é __I__.I_.I...-.I-..{...I.-EI.-.I—..-I_-_'I__;._________;4
:

' i i i Instability caused by 8/9pi mode

Down-converter biased by Cavity pickup :

0 — CH1 | CH2 | CH3 | cH4 | ¢Hs | CH6 | CHT | CHs
A Cria) RUT0 | 38 | 68 | 51 | 41 ] 28 | 41 | 21 | 36
_20_ ................................................ | . " 3 . . . B
O PR B A S Ao fdeg] | 0.028 [ 0.038 | 0.035 | 0.033 | 0.025 | 0.032 | 0.022 | 0.032
408/9p|mode AUA0 ] 21 | 25 [ 10 | 16 | 1o | 15 | 00 | 15
a NG Avfdeg] 0016 | 0019 | 0.018 | 0.021 | 0.016 | 0.020 | 0.015 | 0.019
B -e0f
2 T
g X - Down-converter fulfill XFEL specs

—100 iy

- Spurius signals are below 80dBc
o T | - Cavity 8/9pi mode clearly measurable

i i L i
25 30 35 40

i I
0 5 10 15
frequncy [MHz]

Frank Ludwig, DESY
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Single channel receiver performance at FLASH

® FLASH injector : Biased by MO reference : e Shortterm stability 800us (bunch-to-bunc

BW=27MHz
BW=1MHz

AA 81=1.4942e-4
AP 3 =0.0654 deg
AP 81=0.0092 deg

o Midterm stability 10min (pulse-to-pulse):

BW=1MHz 03342 . . . ' ' . : ; ;
BW=1MHz [+ a81 10min]

0.334 5

AA = 1.6263e-004
AP =0.0147 deg

03335 ¥

0.3336
]

0.86

08595

- 8x LT5527(Gilber-mixer), x6 OPV-Amplification 0850 g3 £ AN
+ SIMCON DSP (14-Bit ADC) 81 samples over 1 us .
- 11Q value '

0.8575
0

- ~5 Hz through 10 minutes

Frank Ludwig, DESY



Single channel receiver performance at FLASH

® FLASH injector : Biased by MO reference : e Long-term stability 1 hour (drifts):

e Single channel receiver BW=1MHz 03315

performance ata CW IF : -
AA = 1.8136e-004 '

- Incl. LO-Generation phase noise AP = 0.0147 deg AEETS

ent E5052A Signal Source Analyzer

10,0048, ReF -20,00dBc/Hz
It dBm

Amplitude and phase stability
measured after subtracting slope

"\ - Analog Receiver has 0.0052 deg

Return
/ 1‘%“-.;.%_‘ - IF[9,54MHZz] works also with a lowpass
i, - Apply 1/f-noise reduction methods

W 1L - Easy investigation and servicing of LO
ite noise from LO i ) )
(MO approx. 0 dBm) and IF signals using a CW modulation

and Down-converter ) ) ) .
Ty - Drift calibration >10Hz is needed

Freq Band [39M-101MHz] L0 Cpt [=150kHz] 343pts proposed by LDOOIlttIe or Beam_based
feedbacks

1
W

IF Gain 2048

Phaze Moize Start 1 Hz
Set RF ATT 0dB ey e o | il 0| Powe 04 |aktn Sd6 | Exirer ]| Stop | S| 2007-10-10 17:37

Frank Ludwig, DESY
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- Compenate drifts from down-converter LO, CLK Generation N\

. . . Cavity ,Flattop®
- Separation from Synchronization System @

Beam pause
® Linearization using the probe cavity decay: f# >
Tektronix RSA 3408A ; ] V
Frequency quis ngth: 20 s Calibration of the down-converter
i““’ﬁam . phase using a local rf-reference.
put Att: _

T ]dnulitt@}ec}'cle: Ibl.gov

Lawrence Doolittle’, LBNL, Berkeley, California

Driftcompensation / Linearization i
o Off beam phase calibration :

LO
RF to Klystron ‘ ) DAC
LO
‘ 54) DAC
Modulated Calibration Line
LO
phase reference —@—={: ) ADC
LO
Cavity 1 Field - ) ADC
. . LO
Quit good exponential decay 7\ Cavity 2 Field
. . . . , f' ' = <7 N
Possible hardware linearization of DWC's Lo ) ADC

Frank Ludwig, DESY



Direct sampling

REs DCP1/Q

digital

(Courtesy of T.Schilcher/ PSI — CAS)

What's the time ?

Frank Ludwig, DESY



Receivers worldwide

Direct Sampling of RF signals

| SAW BP

o Key features :

1500 MHz

CW 500 MHz
[-52 dBm, 0 dBm]

« simplifies RF frontend (no
downconversion)

« amplifier & attenuator to match
to the input range of the ADC

» undersampling inevitable
- BW < fs/2

® SNR:

« amplifier noise

» ADC quantization noise g
[+ 4
* clock jitter =
® Linearity :
« amplifier linearity (compression) |
® ADC I|near|ty SNR of AD9433 Pin{dBm)
calculated (solid) & measured (dashed)

Courtesy of U.Mavric/ FNAL fin = 200MHz, fs = 16.3MHz

Frank Ludwig, DESY



Choice of modulation scheme I

e ADC equilvalent noise spectral density :

SNR ( fq &)
40 o = VFS,pp 10 0 i
— M LTC2241 n s f
L W LTC2242 s
3 30
z ADS5463 Typ Bits | fomex | SNR [dBFS] | SFDR [dBc]| | Vs | t;
- n [MSPS] | 70MHz TOMHz | [V, | [fs]
-"ﬁ LTC2207 16 105 TT.5h a0 225 | 80
s LTC2208 16 130 TT.5h a0 225 1 YO
§ 20 | AD9446 . AD9 230 ADGGAR 14 A T35 27 2.2 li]t]
g B AD7641 AD9461 | 16 | 13D 77 84 3.4 | 60
3 MAX1 958 . ADS5546 ADO44G 16 100 79 510 39 GO
¢,°,' 6.; A[5250‘| ADSHEAG 14 190 3.5 8T 2.0 154
& LTC2207 "| Tc2208
S 10 -
>
8 M AD7760
2 X A ot of available ADCs have
0 roughtly the same performance.
1 10 100 1000
sampling rate [Msps]
\J Y \J

Baseband or IF Detection IF Sampling Direct Sampling

Frank Ludwig, DESY



Optical to RF conversion — sagnac loop I

High LO Power
e Ph -locked | PLL): . .
ase-locked loop ( ) available for driving
- the LO-signals!
Optical input
(Reference) A A A ) Beiedie Loop Filter 1""f(":":'.'/ (VCO within loop)
i ical- s, 5 S sl -
RF input PII:ase Detector |Phase error O ! Re
pipeshel S8 T G, AN R TR » generated -
i output . RF-Ouput | | o

timing jitter between
two VCOs locked via
sagnac loop:

(10 Hz — 10 MHz):
12.8 fs @ 10 GHz
(drifts):

<50fs

| Ij{éftectt!)f
L f D s G
el

o

Frank Ludwig, DESY



Beam stability measurements
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® IQ sampling down-converter (250kHz):

Summary of ACC1 beam stability at FLASH 09/07

e |IF sampling down-converters (9,54MHz):

0.20lllllllllllllllllllIllllIIlll]II!l]lI[l]lll[
0.0019 FLASH #2007-10-10T231156-dEE-ACC1-SR-BC2
& FLASH #2007-09-24T210803-dEE-ACC1-38C2
0.0018 |
0.0017 t Beam stability measurement (pulse-to-pulse):
: No significant | .
_O Si9 ca CW modulation scheme:
0.0016 difference! B LT5527, on chrest, -64 deg phase .
fe=54MHz (bandpass filtered), f.=81MHz, SIMCON-DSP
0.0015 1 <) 0.15 +~ A +2 deg phase off chrest —
00014 e~ ¥ -2 deg phase off chrest
- + BC2 slope std Feb 2007 0 ® -6 deg phase off chrest b
0.0013 E O LT5527, on chrest
w - = BC2 slope sid w fz=9MHz (lowpass filtered), f,=81MHz, SIMCON-DSP |
w ) W] — HMCA483 (passive mixer), on chrest
0.0012 P d ol
< BC2 slope wio KiyLin © f=54MHz (bandpass filtered), f.=81MHz, SIMCON-DSP
= 0.0011 = | before beam based VS calibration -
£ —
"E 0.001 % 010 K- Switched modulation scheme (cross-check): |
>, k7] - —e— AD8343, on chrest, f.=250kHz, f,=54MHz, SIMCON 3.1
£ 0.0009 = - . :
S 6.0008 = - Non-linearity problems ?
o * T 1 : (Gradient not constant) i
= 0.0007 v S Pt =Accelerator settings ? -
w - — - y - -
~ 0.0006 |= — - = | ibrati .
0.0005 L8 Indication, that high frequeny © calibration
' . beam fluctuations are filtered. 0.05
0.0004 % -
0.0003 |+ .’ SR S
t. te® -y Em
!-0 |
0.0002 + ol T Ll TT T L l
0.0001 Desired XFELvalue
0 . . . . . 000||||||||||||||||||||||||||||||||r|||||||||||
0 20 40 60 80 100 120 0 10 20 30 40 60 60 70 80 90

Frank Ludwig, DESY
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:2 using 4 additional cavities



Bunch-to-bunch beam stability

o Bunch-Arrival Monitor :

reference
laser pulses

beam

pick-up amplitude detection
of single laser pulses

electron bunch arrival time:
- early
- correct

voltage modulating
the laser pulse amplitude

beam pick-up signal

reference laser pulse

M\ - Single bunch resolution better 30fs

- Synchronization problems

Courtesy of F.Loehl / DESY

arrival time bunch #4 [fs]

Short-term fluctuation
/ are filtered by the cavity.

2
W
=
]
E
™
=
o
LY I S SN SO S _
I
L : : :
_2 1 1 1 1 1
a 10 15 20 ] a0
bunch #
500+ ol . . __ o : 3!'-":7"-.'
: : : exfrlof
s ; '49'3 [
0 .. o "‘jti
: -;'-"...','."" f‘ - ‘ : :
500 L ... .:..:",05.:$..'_. Se N R e e L]

800 600 400 200 0 200 400 600
arrival time bunch #2 [fs]

i
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Reducing noise for the display / Reducing noise on the beam I

,Beam performance®:

Increase SNR by »Display property for the operator:
- |ncreasing input power Noise appears at the DWC OUtpUt
- Decreasing noise spectra density but not on the cavity field!

of the down-converter

| | [ | |
Master Oscillator

= = = = Downconverter output
= = = = Cavity output
- B Residual phase noise
§-100 - ~\
O
o = '
%_120 - e - Bunch-to-Bunch, Pulse-to-Pulse energy
3 | spread and arrival time monitors
@ N IO G, - ) | | |
8 40 W b Averaging . Automated beam-based calibration using
> [ Filtering a pilot macrobunch -> Optimization
D _eo B Residual Jitter / ' of fluctuations (for multi-cavity regulation)
B Induced Cavity Field Jitter _ Passive High IP3 mixers
. | | | | A"
-180 -1/f-noise reduction methods
10'  10° 10° 10* 10° 10° 10’
frequency [HZ] - Drift calibration (L.Doolittle)

P ]

o | - ADC limitation -> Multiple IF (KEK)

Effektive noise bandwidth for the -> bypass the ADC/P/DAC

beam jiter induced by the LLRF )
- Parallel detectors -> scaleable packaging
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Motivation @

Synch. System Cabeling
Signal Generation

Analog Hardware

GilbertMixer Linearity Drifts Packaging
Crosstalk compensation
High-Level B%aerg:;iiid Digital Hardware Arrival time
Mixer Packaging monitors

Modulation scheme

Energy spread 1/f-noise
monitors [1Hz-10kHZ]

Scaleable Automation Vectorsum

. Receiver Calibration
Actuator noise eceivers

Master

ADC noise Reference

What is most important for a beam stability significantly lower than 0.01% ?
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Summary & Outlook I

- All kind of different packaged multi-channel down-converter are available from the labs worldwide.

- The amplitude beam stability requirements for FLASH are nearly fulfilled:
0.016% using the 1Q sampling scheme operating at 250kHz and
0.022% using the IF sampling scheme operating at 9MHz and 54MHz

-1/f-noise, spurious (low frequency range) and
IF amplification = (high frequency ) are the main reason for the pulse-to-pulse beam jitter.

- A multi-channel down-converter from FNAL based on the IF sampling scheme is presented
with excellent 1m deg. performance (proved in laboratory in the range [10Hz,100kHZz]).

- An automated beam-based vectorsum calibration or optimization
arround minimum fluctuation using a pilot macro-bunch is needed.
Will clarify the question: How much linearity is really needed ? (Vary RF att. & post amp)

- Its worth switching to the IF sampling scheme, because of improved
,vector sum display“ and powerful error diagnostic at the IF port.

- The performance of the drift calibration must be shown AsSoonAsPossible!

low noise...->...high linearity... -> ...low drift... -> ... absolute accuracy

Thanks for your attention!

i Linearity requirement for multi-cell cavity structures
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