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Linac Coherent Light Source at SLAC

X-FEL based on last 1-km of existing linac
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Injector Transverse Accelerator 55cm 1MV

Powered from 20-5 Linac Klystron Accelerator Output. The Kklystron station is up stream
of LCLS. The transverse accelerator is located in the off axis injector.
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Calibration to Degrees of S-Band
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Calibration' gives screen

pIxels per deg-S ( )

NoWwW measure beam size at:

3. with RF off
Fit beam-size data to parabola...

asymmetry due to
initial tilt (wakes?)

1 >
+90° Emma
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Bunch Length Measurements
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135 MeV & 14 GeV
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Located between LOA and LOB.
Single cell cavity at 2605MHz. 51MHz
below RF frequency to lower from
dark current generated in the RF Gun.
2805MHz is 25.5MHz below Local
Oscillator to enable beam phase
measurement against LO reference.
Measurement below correlates
differences in beam phase between
cavities before and after BC1 to bunch
length.

Beam Phase Cavity

-y . S, T
\,

1.4 T
i ® T-cav hunch length
1.2 ] # Ratio of phase cavities
1k -
vary laser
- og L phaie / - _ I -
. JhR - Frequency = 2805MHz
0.4 N e 1R - " P
. L] 3lizloz Ad -. QLoaded le 7 6200
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BothS&Xband N e /2 Time Constant = 700nS
phases varied * 4
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Beam Phase Cavity

Critical Noise Levels and Bandwidths

Beam Phase Cavity Attenuator
Monitor Port
30dBm pk —
Coupler  Attenuator
30dBm pk | 23dBm pk
3dBm pk
-174dBm/Hz P
-174dBm/Hz  amp
In Tunnel | A
Monitor Port  MIXER IF A
S -3dBmpk | 17dBm pk
Generated from 119MHz Oscillat -146dBm/Hz 129dBm/H
enerated from z Oscillator - m/Hz
Expected SSB Phase Noise Levels -143dBc/Hz -143dBc/Hz
Offset Hz dBc/Hz @ 2830.5MHz 13dBm
10 -82
100 96 -130dBm/Hz
1k -124 -143dBc/Hz
10k -144
20k -146

AH
2830.5MHz Oscillator

¥ >

2Vpp 10dBm pk

Within filters BW
-135dBm/Hz
-143dBc/Hz

Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

ADC SNR 77dBFS

ADC LTC2208
2.25Vpp FS
Transformer coupled
102MHz Clock

Beyond 5MHz from CF

<-155dBm/Hz
<-163dBc/Hz
Integrated Noise
-77dBc

Stanford Y
Linear
Accelerator
Center
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Beam Phase Cavity Analysis

Slope gives Frequency

Time
Calculated Beam Measured Phase Measured Phase
Phase at Beam Data Point 1 Data Point 2

Time
Beam Phase and Cavity Frequency are Calculated from Two Data Points Sent
From the PAD.
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X-Band Structure
in Main Linac

20MV - 33MV/m
15MW at structure
22MW at the klystron
120nS fill time.

Beam at +160degrees

20° from decelerating crest
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X-Band Station to Linearize Energy Position Correlation
BPM for energy feedback (20 #m resolution)

N\ collimator Ozgsoa: Uto 290 'Inm
Bﬂv'l o l( mm nominal)

L=0.6m ;ORI
SR
’I \\ _______
,’I, \\\ T
,,’ motor controlled \\
L’ translation stage ‘.
L Y
RF deflector OFF RF deflector ON Deflector ON & X-band ON

energy chirp only energy chirp & X-band correction
RF deflector
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LCLS RF Jitter Tolerance Budget
Lowest Noise Floor
KAE/EQ| < 0.1% and |AliL| < 12% Requirement
Parameter Symbol LCLS Unit 0-5deg X-B.anq = 12515
— Structure Fill time = 100nS

Gun timing jitter Aly 0.50 psec
Initial bunch charge AQ/Qg 2.0 %
mean LO rf phase P 0.10 deg | .134dBc/Hz @ 476MHz
mean L1 rf phase ) 0.10 deg [
mean LA rf phase X-band O 0.50 X-deg
mean L2 rf phase i) 0.07 deg RMS tolerance budget for
mean L3 rf phase I 0.15 deg <1i?1r:2i:§af?;2?rerf Ztnjtietrtge; >
mean LO rf voltage AV Ty 0.10 % jitter. All tolerances are rms
mean L1 rf voltage AL 010 % | phase tolerances per Kystron
mean LA rf voltage AV, 0.25 %  forL2andL3are Nk larger,
mean L2rvollage AV, 010 % | 2Ssuming uncomelated orors,
mean L3 rf voltage AV3/13 0.08 % klystrons per linac.

P. Emma
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Slow Drift Tolerance Limits

(Top 4 rows for Adle < 5%, bottom 4 limited by feedback dynamic range)

Gun-Laser Timing +2.4% | deg-S
Bunch Charge 3.2 %
Gun RF Phase +2.3 |deg-S
Gun Relative Voltage +0.6 %
LO,1,X,2,3 RF Phase (approx.) +5 | deg-S
LO,1,X,2,3 RF Voltage (approx.) | +5 %

(Tolerances are peak values, not rms) P. Emma, J. Wu

* for synchronization, this tolerance might be set to +1 ps (without arrival-time measurement)
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Linac Sector 0 RF Upgrade

LCLS must be compatible with the existing linac operation including PEP timing shifts
MAIN LINAC (SECTOR 0) RF/TIMING SYSTEM

Stanford Synchrotron Radiation Laboratory

Master Oscillator is
located 1.3 miles

from LCLS Injector

i —

Measurements on
January 20, 2006
at Sector 21

show 30fS rms jitter

in a bandwidth from
10Hz to 10MHz

476MHz MASTER
OSCILLATOR

PEP PHASE SHIFTER
+-720 Degrees in 0.5mS
|

IQPAU ‘

PEP Control
Camac Module

MASTER
AMPLIFIERS

476MHz

Sum
Fiducial
to RF

SLC COUNTDOWN
CHASSIS 476MHz
Divide to 8.5MHz

kﬁS.SMHZ

1.3 Miles to

LCLS Injector

360Hz Line 360Hz
Sync.
il || ]
[T P ——
L |
+20 i ]
g Il
O ||
[

PEP PHASE SHIFT ON MAIN DRIVE LINE

Master Trigger
Generator MTG

Syncs Fiducial to
8.5MHz Damping Ring
and 360Hz Power Line

>

Fiducial Generator
Syncronized to:

360Hz Power Line
8.5MHz Damping Ring
476MHz RF Distribution

/

8.5MHz
Damping Ring
Frequency

AN

FIDUCIAL
360Hz PULSE

NNNANNANANANANNNNNNN

\VAAVAAVAVAVAVAVAVAVAVAVAVAV

476MHz RF

i\
NNNANNANANNANNANNNNNN

MDL 476MHz
RF WITH

\VAAVAVAVAVAVAVAVAVAVAVAVAV

FIDUCIAL

MDL RF with TIMING Pulse — Sync to DR

Accelerator
enter
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LCLS LLRF System to BC1

B RF Feedback for Six RF Stations
m Gun -5 Chassis
LOA — 4 Chassis
LOB — 4 Chassis
TCav — 4 Chassis
L1S — 4 Chassis
m L1X -4 Chassis
B Laser Reference and Feedback — 2
B Two Phase Cavities — 1 Chassis

B Reference System — 21 Chassis

Total of 49 SLAC built RF chassis were
installed and turned on last run.

Four short racks in a temperature controlled RF
Hut contain the RF reference system as well as
Phase and Amplitude Detectors (PADSs) for

critical RF measurements.

iiiii
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RF Distribution Lab vs. MDL Measurements

Agilent E5052A Signal Source Analyzer ; 1 Agilent E50524 Signal Source Analyzer

#Phaze Moise 10,004R) Ref -20.00dB0Hz Mrhaze Moise 10,00dBS Ref -50.00dBc/Hz
2000 pF Carrier 476 000003 MMz $.6570 dBm 50,00 pE. Cantier 476 00021 Iz 10,4339 dBm
' =1z 93 Hz | -10%8.5931 dBg/H=z ' =1: 105 Hz -127.0962 dfc Hz
Ap|Start 10 Hz Hi Start 10 Hz
Stop 1 MHz Stop 1 |MH=z
Center EOO.005 kHz Center| 500,005 kHz
Span 999,93 kHz Span 995,99 kH=
= Noijse == == Noisze ==
Analwzis Range X: Band M3 Analysiz/Range #: Band Marker
Pnalwzis Range ¥: Band M3 Analysis Range Y: Band Marker
Intg Nodise: -72.05915 dBc Intg Wodse: -85.5%037 dBc |/ 1 MHz
EMS Noisze: 351.51 prad RMS Moise: 52.0923 prad

| 20.14001 mdeg 2.04159¢ mdeg
RMS Titter: 117.531 f=ec RMS Iitter: 17.752 fsec

Residual | FMi 28.6092 Hz Residual FM: 5.43964 Hz

™
IF Gain S04 Fraq Band [200M-7GHz] Lo Opt [=150kHz] 775pts Carre 100

F
IF Gain S0dE Freq Band [300M-FGHz] Lo Cpt [ =2150kHz] F7opls Cotve 100

Existing Linac MDL Sector 0 LCLS Reference System Lab Measurements
126fS rms Jitter 10Hz to 10MHz 20fS rms Jitter 10Hz to 10MHz

John Byrd LBNL

Stanford
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oy AT;ZGFI\LLI{; gg?pé%ruw MDL to Linac Sectors 21 to 30
MDL from FSJ4-50 0.8dB/30ft ' PEP and Research Yard
LCLS LLRF 476MHz Linac Ref.
Sector 0 380-208-38 |
476MHz Amp I
Existing Sector 21 30B Gain 19dBm 4x+13dBmout |— HRSER AN LASER Reference
TIMING SYSTEM
FIDO Output MDL 476MHz 19 e . LASER
120Hz 380-208-40
MDL SPAC —
119MHz TRBR
380-208-40 J14 ROOM
— & VME BASED
e e FEEDBACK | | isomz am itowt
CH2 - S21 119MHz wit offset adjust 2 an z
REF PAD and Error Monitor 2830.5MHz LO Gen
119MHz 4x 476MHz C'J
CH3 - LCLS 119MHz 0dBm OUT 13dBm OUT — ; B}
LSR PAD C'L 2856MHz in - CHI?SZF??EXBZ
[ LCLS VHF Dual Dist 1Q Modulator to adjust
| | 2830.5MHz to 2856MHz Phase CH2 -119MHz
LASER <F+——— 380-208-34 ., ]
| < LSR PAD
— ] 4x119MHz 4x 476MHz Divide 112 to 25.5MHz LASER SINGLE
13dRm QUT 121Rm QuT SSB Mix to 2830.5MHz CHL -2856MHz PULSE
TIMING <— 4X to 102MHz LSR PAD — 1 MEASUREMENT
é 1 — |
+13dBm in +13dBm in 25.5MHz out
476MHz to 2856 MHz 476MHz to 2856 MHz 102MHz out  2830. SMHz out
MULTIPLIER MULTIPLIER : e
+17dBm +17dBm o
380-208-22  out 380-208-22 out Clock - 102MHz Local Osc - S-Band By X-Band LO Gen
CLK SPAC LCL SPAC 380-208-51
RF Reference - S-Band i 380-208-40 380-208-40 aa]  |255MHzout
RFR SPAC f]
380-208-40 J14 102MHz 7 2830.5MHz <7
+6dBm in VHF 5W Amplifier S-Band 10W Amp CI;?I’EFZ;SAWZ
X-Band 4x 2856MHz \V4 380-208-26 380-208-27
MULTIPLIER S-Band 10W Amp —
380-208-50 +17dBm out 38020827 102MHz 102MHz 2830.5MHz -23dBm I[gg
16 Way Dist 16 Way Dist s e -
A 22dBm each 22dBm each 2.8-2.9GHz Distribution] |oTcav
o 380-208-21 380-208-21 380-208-20 L1s
2.8-2.9GHz Distribution L1X
380-208-20 ﬁ;’:
o 2830. 5MHz LO from this
LOTCAV
LoB e . . . ..
distribution chassis is the RF
L1s
L1X CHO - 2856MHz
— “RerPaD Reference for all systems.
EXPERIMENTS
2856MHz from — CH1 - S21 2856MHz
Sector 21 SBDU REF PAD

enter



Lab Tests Show
Reference System
Noise Levels Meet
All LCLS
Requirements

2856MHz = 70fSrms
2830.5MHz = 70fSrms
25.5MHz = 2pSrms
102MHz = 2pSrms

S

Stanfogd Synghrotig
stem Lab

- Agilent E5052A Signal Source Analyzer

FPhase Moise 10.00dB/ Ref -50,00dBcHz
s0.00 p Canier 2. 256001277 GM
: 95 Hz | -10%.E107 dEg Hz
Start| 10 Hz
Stop 1 MHz
Center E00.005 kHz
Span 999,93 kHz
Moise ——
Analyiis Radge X: Bamd M
Analysis Range Y: Band M
Intg Moize: -72.4635 dBc
FME Nodise: 336.777 prad
19,2959 mdeg
RMS Jitter: 18.936 fsac
Residual | FM: €0.5161 Hz

-2.4000 dBrn

-
IF Gain 50dE. Freq Band [300M-7GHz]

2856MHz : 22fSrms 10Hz to 10MHz

Agilent E5052A Signal Source Analyzer

¥hhase Moise 10.00dE7 Ref 70,00dBc/Hz
7000 pE Carrier 25500002 MWz 12,5022 dBrm
: #1:| 2.512 kHz -154.525% dBcrHz
X Start 10 Hz
Stop 1 MHz
Center EO0.005 kHz
S55.95 kHz
— Noise ——
Analysis Range 3z Band M
Analysis Rangs Y: Bard M
Intg Moize: -95. 3279 dEc
RM5 Moises: 24,217 prad
1.38752 mdeg
RMS Jitter: 151.147 fsec
Residual | FM:| 12,5487 Hz

Cotre 100

Lo Opt [ =150kHz] F7Spts

IF Gain 50dE. Fraq Band [300M.7GHz] LS Opt [ =150kHz] 77Eps Corre 100

tanfo

diation Laboratory

easurements

i Agilent E5052A Signal Source Analyzer
FPhaze Moize 10,00dES Ref 50.00dBcHz
Carvier 2 220501772 N

v
so.00 Y “1r] 55 Hz |-111.2340 dedMHz
Ar Start 10 Hz
Stop 1 MHZ
Center S00.005 kHz
Span-895359.99 kH=
— Noise ——
Mnzlysis Range Xx: Band M
Analysis Range Y: Band Mir
Intg Moize: -72.8718 dBEc
RM& Nodze: 321.311 prad
15,4037 mdag
RMS Jitter: 18.067 fsec
Residual FM: &4.0075 Hz

02311 4By

-
IF Gain 50dB Fraq Band [300M-7GHz] LS Opt [=150kHz]

2830.5MHz : 22fSrms 10Hz to 10MHz

Agilent E5052A Signal Source Analyzer
FPhase Moise 10.004BS Ref -70.00dBcHz
Carier 102,0000°( MMz -0 EEFS dBrn

r
70.00 pf »1:| 2.512 kHz -137.936] dBcsHz
¥z Start 10 Hz

Stop 1 MHz

Center 500.005 kHx

Span 999,99 kHz
— Hojse ——
Analysis Range X: Band M
Analysis Range ¥: Band M
Inty Hoise:s -78.7472 dBc

RME Nodze:

| . 36005 | md=g
RME Titter: 254 203 frac
Residual FM: &7.0755 Hz

Froprs Corre 100

F

IF Gain 5048 Fraq Band [300M-7GHz] Lo Opt [«150kHz] 775pts Carre 100

102MHz : 281fSrms 10Hz to 10MHz

Stanford
inear
celerator
Center
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RF Cable Routing .

All cables are routed from devices in temperature

stabilized area to the centrally located, temperature
//

: e v e I?I:IAB’IIIIEIEIET].IJN
s.;.-r.v Cables run down through

penetration 20-17 which is
enclosed by the RF Hut

Cables from pnetration
to RF Racks

Stanford
inear
Accelerator
enter
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Linac : Most “Phase Stable” cables were
Sector 0 RF Number of cables per device L )
Reference cables are bent beyond minimum bend radius
MDL 8ft and can drift +-50fS during installation.
o L1 o] [Reference o et oSt Dovices
™1 Specifications m . Z .
100fS rms jitter LO PADS | | and temp co of 5ppm/degC are in Tunnel
+-2.3pS drift Laser L1 acer +-290fS Laser
RF Gun b——rF Gun 23701 RF Gun
L2 - 4 Sectors 2 +-310fS LOA
- Specifications LOA . JLOA
70fS rms jitter 2 +-240fS _
+-5pS drift Phase Cavity f==——f Phase Cavity Phase Cavity
LOB L2 LOB +-240fS LOB
L3 - 6 Sectors L 4 +-140fS L1S
™1 Specifications L1S L1S
150fS rms jitter 2 +-160fS L1X
2:9p5 drift - 1 - +-500S
L2 Ref 12 Ref L2 Ref
RE HUT LCLS Specifications:

Laser, RF Gun — 2.3pS
LOA, LOB, L1S, L1X, L2, L3 —5pS

Accelerator
enter
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LAC Linac RF New Control

___MDL 476MHz .
" Next Sector The new control system will tie in
W m to the IPA Chassis with 800W of
6 X I .
rv wer available. The RF
e ? O s drive power available. The
Phase Reference will be from the new
Reference SubBooster RF reference SyStem.
Line Sub Drive Line
To Next oA
Klystron > 3kW /I
o \'
IPA
20mwW High Power Solid State Sub-Booster PAC
Phase Shifter _
s A, Attenuator | and Q will be controlled by the
ase . . .
Amplitude Kiystron PAC chassis, running 16bit DACs
Detector SLED at 102MHz. Waveforms to the
SOOMW DACs will be set in an FPGA
. um -45dB I I
Existing éj through a microcontroller running

System

Accelerator

EPICS on RTEMS.
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1 KW Solid State S-Band Amplifiers

>800W peak at 2856MHz

5 units installed and
operational last run

Added phase noise not
measurable

Trigger comes from Beam
Containment System (BCS)
Need to change to 48V pulse
on Twin BNC connector.

Amplifier module from
Microwave Amplifiers Ltd.
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= ACCELERATECLOCK TRIGGER STANDBY  gggg ——
TRIGGER  119MHz Monitor TTL TRIGGER  Gate Monitor Ghassis
120Hz RPN  FPBNC  120Hz FP BNC RP 15 Pin D
RP BNC RP BNC
RF INPUT RF OUTPUT  RF OUTPUT
Monitor Monitor To SSSB I'MONITOR Q MONITOR
FP N FP N RPN FPBNC  FPBNC AV
L
Ho H10 33|32 |H7  |J0 sssB H6 P5
RF Module Trig
TTL
17 to 30ug
MATCHING
FILTER I
NETWORK
I L6bit DATA 16 bit
1&Q MODULATOR _Amp b m
o856MHz Ref | ame e MRy, o Ly o <l s cars CLK XILINX DATA | CONTROL / 7
-3dBm +> 2 *‘ o 5 i 2% 16 bit DAC SPARTAN 3 Arcturus uC5282 m
RPN W OXQ 119MHz Clock i patal  FPGA Microcontroller Moduley 2
Q | o 200wz &> |with 107100 Ethernet |~
MATCHING 14 N CLK nz
Yy FILTER % =
NETWORK AD8099 Diff Amp 2
m
Control Control -
Q
o}
£
SLOW ADCs %m’:i‘t’;’a‘“re
mperature ﬁf H12 PAC Temp —
ontto 1Q Temp
SSSB Temp
SSSB P-FWD
15VDC 5VDC 15VDC SSSB P-RFL
RF INPUT NC
T0MA  vonitor | 1OMA 70mA fss\fs PWR Control Board
Diode 12v
FP BNC )

S-Band PAC chassis has an EPICS on RTEMS Coldfire IOC used to load registers and
waveform memory on an FPGA. On a trigger the FPGA puts out two 2048 point waveforms
which run | and Q inputs on an RF modulator. In calibration mode a single side band

modulator is created by sine and cosine waveforms on the | and Q channels.

Stanford

inear
Accelerator

enter




RF Station: L1-5 To effect changes, press Calib Rgst button Current State - - -
P B C IOC E P I CS P I ACCL:LIZ1:1:L1S and wait for Current State to be "Calibrating”
a l l e s Configuration Control valid Range: Min Max Calibration Contral
LCLS LLRF Station: L1-5 . »
ACCLLIZTTL1S CHIS Tl - ,7“:“9
Amplitude of Calib wF Crianging Ampl

DAC redraws | & G _ Calib Rgst
Select Calibration Waveform Pair Trigoer

center plots
Eelggé M = Calib Done
Changing M Ptz does 3.8 ns. | Gain ; ;
ot redraw plots - ) updatas FPGA | bufer, -100
External Int Trig Rate
Mode {in 9.8 ns
Internal increments)

_ | Offset
Amplitude of Calib WF 5358
CPU

Calibration ALWAYS uses full FPGA, ie. 2048 pts

Canfiguration ranitors Carntral walit Range: Min hax

o 31500
| Gain Ei):lg% o 3008 ] Changing | Gain or | Offset
| ifst increments) @ Oiffset updates FRGA | huffer.
) Width 10
Ghecl {in 9.8 s -

G Offset increments)

| Adjust  Adjusted at Range of | & @ Adjust
120 He during Changing Calibration ‘Wavefarm
Q AdUSt normal aperation e ;

redraws all B of the wavefarms
helow

2048

Selact Waveform Pair Trigger
External

- : Made Ext Trig Delay (in 9.8 ns increments)
SLECPulse | Internal
3 Ext Trig Width (in 9.5 ns increments)

CPU

Operational PAC Panel Calibration PAC Panel
In operation mode the PAC receives PVs “l Adjust” and “Q Adjust” which are used to transform a
preloaded waveform and then load the FPGA. A future upgrade will have the FPGA transform the | and
Q waveforms with the loading of 4 matrix elements. In calibration mode the | and Q Offsets are
determined to minimize feedthrough in the RF modulator with the gains set to zero. The modulator gains
are then set to maximum and then adjusted down to suppress the opposite sideband in a Single Side
Band modulator.
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PAD Ch y ,,
CHAN O CHAN O
TEST PORT 25.5MHz IF
4 X 16 bit ADC Control Board
RP SMAJ18  FPBNC J1 102MHz Clock
LTC2208
Transformer Coupled Inputs
CHAN 0 16bit DATA 16 bit
EE I’L\IPUT i Chan. 0 FIFO DATA 0
WCLK
CHANJ %2 A oA word® CONTROL / 2
. IA 16bit DATA Arcturus uC5282 &
TEST PORT Chan. 1 FIFO gfﬁ Microcontroller Modulel—
FP N J2 FILTER 25.5MHz BP ' WCLK 64k words with 10/100 Ethernet | § 115
<
LO DIODE 166t DATAL - - -
DETECTOR Chan. 2 wek | 64k words 32
LU Ik
i e
LO INPUT RF Board 10dBm 16bit DATA FIFO ﬂ
2830.5MHz ™ Chan. 3 WCLK 64k words
RP NJ24
LO OUTPUT MIXER 2—2Chan || jme e
> _ |
2830.5MHz RF Heads CPLD
FP N J9 L
5vDC
_CI_Z:SA_IFI plc)RT FILTER 25.5MHz BP 0.8A x 2 Analog QSPI
FP N J4 > CLOCK INCLOCK Mon ggcoignm TRIG In TRIG Mon | 20pinribbon
CHAN 1 NG Fon i 120Hz FPBNC J12
RF INPUT ™ RPN FPN RP BNC J17
RP N J26
CHAN 1 CHAN 1

TEST PORT 25.5MHz IF
SMAJZ(E PFP BNC J3

S-Band PAC chassis has an EPICS dn RTEMS Coldfire IOC which reads 4 FIFOs from the 16
bit 102MHz ADCs. The 4 channel control board is connected to two RF heads, each of which
has 2 channels. The RF is down mixed with the 2830.5MHz LO reference to 25.5MHz IF,
which is digitized at 102MHz. The IOC does the down conversion to base band, averages
over a specified number of points, up to 512, and the set the EPICS | and Q records.
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10 Channel 0
D . -
:;E o 2500 Sine Wave Histogram
=«— Chan O
0T 2000
Z s f
z = SNR 69dB
O o+ £ 1500
—&0 .g_
o0 5
| L #1000
-110 Al 1l
o 500
-130
it et 1l Frelqb?:ncy LT T
0
REW=1556Hz - Channel 0 Channel 0 signal = +2d3 4 4 P 4 4
51MHZ:-98§Bm €jI'T)Tgl Noisea:n-nae?dBSrlr?naNovgg,QBHOB 0 1410 2'8'1d[‘?g|t|zerreaél'r%gm 5610 70
DNL INL
10 05 &0
0 04
-10 03
o 1 e Cw //"\
= Chan 1 i ooy < \
o I s G / N,
% s - H -t 0 w20
=
= @ Crosstalk <100dB | |z = = \
= U T % 0.2 H L L | = .
-0 23 0 Nt !
0 04
-100
05
-110 i 4 4 4 4 4 4 4 —20
I | 0 110% 2.10% 20l 407 510° 6107 710 0 110 2'104d?’g'|¥|9:r?1e§g;g5'104 510" 7.10%
-130 . . . . . . .
e et et ol e e’ | Sine Wave Histogram shows no missing bits and Differential
REW-1556tz: Charnel 1: Channel 0 ignal - +2d5m Nonlinearity of £0.2 LSBs. The Integral Nonlinearity is large

51MHz =-106dBm : Total Moise = -63dBm : Nov 29, 2006

Plots with +2dBm into chan 0. | due to nonlinearities in the function generator used. The
16 plots taken per board. lower SNR of 69dB is due mainly to the 4:1 impedance
transformers used on both clock and signal inputs.
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PAD IOC EPICS Panel

LCLS LLRF Station: L1-3
ACCLLIZTA:L15

Configuration Offset

80
160

21-1B RF In

21-1B RF Out
160

160

21-1C RF Out

21-1D RF Out

Current Acguisition
Num

21-1B RF In
21-1B RF Out
21-1C RF Out
21-1D RF Out

Temperatures

Ch
0

dedree C

Status

Intarrupts processed

Scan VO reguests
Overflows in |

Overflows in G

Total Offset

Window Size

Total Window Size

a0
al

al

0.00021280

0.00021280

0.00021280 -273

0.00021280 =273

0.00021280 =273

0.00021280 =273

0.00021280

a0

Running ws Calibrating
Operational Mode

Calibration Control

Raws ‘Waveforms of the Current Acquisition

Mot Calibrating
Calibrating
Cone

The Coldfire EPICS I0C reads
digitized data from 4 FIFOs. A
window is set in the data by
selecting an offset and window
size. The data within the
window is down converted to
baseband and an average |
and Q calculated. The data
shown here is from station L1S,
a SLED cavity is used to power
3 accelarator structures.
Channel 0 is the Input to the B
structure, channels 1, 2, and 3
are outputs to the B, C, and D
structures.

The temperature monitors are
shown here not working, we
have more work to do.
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VME Based Feedback IOC

LCLS LLRF Station: L1-5
ACCLLIZ1:L1E

Current Acguizition

| Average from PaD
G Average from PAD

Actual Phase + offset (deqg 2856 MHz)

Fhase Weighting

Actual Amplitude * scale factar
amplitude Weighting

Actual Power

FPhase (deg 2656 MHz)

Limit Correction to

Mews set paint

Limit Set Point to

amplitude (VY = 0
Limit Correctiun to

Limit Set Point to

Expert panels

* scale factor (MY

rdin Cor

kdin Car

BN - B R - B
Mew set point Smoothin
B I

| L1-5 PAD (source)

].f-‘-.djust scale factors & offsets

Global Feedhack Status for L1

Stanford Linear Accelerator Center

| Klystron 21-1 Diagnnsticsl | Home Screen...l

| Exit |

21-1B RF In Z21-1B RF Out  21-1C RF Out 21-1D RF Out Total Weight

. . -

| 0.500 | 0167

oy NEEEE  IEEEN

| 0.500 | 0.167

Wt averane

Desired Iax Cor

Local Phas FB
If Local Phas FB is off OR

Ampl below minimum threshold,

Frevious Set Paoint

-

Previous Set Point is sent
every time PaD is triggered

Smnnthing

+ Zet Point <

Desired ‘Wt averace hax Car

Local Ampl FB
If &mpl Phas FE iz off OR
Frevious Set Point

- Minimum &mpl regd for BOTH Phas and Ampl FEs 1D ooo

Previous Set Point is sent
every time PAD is triggered

< Set Point <

| adjust = Aset < cos Pset X Scale

sending | and G adjust to PAC

I 1.000

Enabled

Expert panels
G adjust = Asetx sin Pset x Scale

L1-5 PAC (destination)
L1-5 PAC Calibration

I 1.000

Ampl below minimum threshold,

n Radiation Laboratory

VME based feedback I0C
takes data from the PAD |
and Q PVs. Theland Q
PVs are transformed to
phase and amplitude. The
phase has a phase offset
applied to align 0 phase
with peak acceleration and
the amplitude has a scale
factor applied to read in
electron energy gain on
crest. The feedback used a
weighted average of the 4
PAD channels to determine
a phase and amplitude
value for the 2 separate
feedbacks. After feedback
corrections are done the
phase and amplitude are
converted to | and Q and
the new values sent to the
PAD.
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Eile k| File

hedE&|fRaAM2|(E| 0B DedE faama|E 08

L15 aMPLITUDE, Mean value = 133.03. Relative ermor = 0.056 %,

L15 aMPLITUDE, Mean walue = 134.65. Relative emor = 0.05 %,

1 ! i 1 |
100 200 200 400 500 | 1343

i 1 1 1 i
0 100 200 300 400 a00 E00 700
L15 PHASE, Mean value = 27.7E. Std. dewiation = 0.13 deq.

L15 PHASE . Mean walue = 20.002. Std. deviation = 0.102 deg.

phase [deq]

> | y 4 : : .
19.5 ;
] 100 200 . 300 400 500 BO0 i 100 200
time [zec]

Feedback Off, 10 Minutes, 0.056%, 0.13°

i i i i
200 400 a00 EO0 oo

time [zec]

Feedback On, 10 Minutes, 0.050%, 0.102°

L1S Meets Jitter Specifications (0.1% 0.1°) for 10 minutes with feedback on. All stations
except X-Band met specifications consistently near the end of the run. The above data was
taken with Matlab routines reading the EPICS records from the VME based feedback.




RF Phase and Amplitude Stability (L0a)

amplitude

LOA AMPLITUDE, Mean value = 57 561. Relative error = 0.022 %.

5762

New RF
systems
meet jltter

ms | rms unit
lnl. [Ri[EHEA
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57.58 |- : ey i
L m
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0 E 4 B ) 10 12 14 Gun amplitude &0 MY
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LOA PHASE, Mean value = -1 1633 Sid. deviation = 0.0} Lib phase =3
-0.53 : : | Lib amplitude 72 MV
I B 0.04ms (<0, 1) [ L
-10&5F TCAW phase o)
TCAV amplitude | 1.0 MY
11 ’ W W L 1% phase -160 |
. W‘fv s
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0.1 | 0.02 L
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0.5 | 02 "
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LCLS RF System L2 and L3

Turn On December 2007 — 4 weeks

Control of 3 RF stations for L2

Two Sector Controls (16 RF stations) for L3
Transverse Cavity Control

Phase Reference Line in Tunnel (8 Sectors)
Two Beam Phase Cavities

Total of 18 SLAC built RF Chassis

Are we ready? — Definitely not, but we will turn on
anyway.
Next we need to finish the injector RF system
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Block Diagram LCLS RF System L2 and L3

824 RF Rack LKF2414 4I Sector 24 S-Band Reference I
RF Hut -
S25 2856MHz Ref in S-Band PAC 24-1 sSssB
2630.5MHz +17dBm S-Band PAC 380-208-40 714-111-11
2.8-2.9GHz Distribution 380-208-40
380-208-20 Clock Generation
and Amplifier S-Band PAC 24-2 SSSB
380-208-17 380-208-40 714-111-11
Clock Distribution S-Band PAC 24-3 SSSB
380-208-16 ] 380-208-40 714-111-11
PAD Kly 24-8 380-208-6‘:?j
CHO PAC out S-Band PAC 24-8 | sssB
380-208-40 714-111-11
CHA1 Drive
CH2 Beam Voltage
CH3 Kly Forward
Sector 29 Sec 30 Sub-Booster
[PAD 380-208-60 476MHz PAC SB30
3 476MHz PAC SB29 380-208-40
CHO TCav in 380-208-40
CH1 TCav out Sector 30 KF30-1A
CH2 PH03 [ HRAD 380-208-60__|
CHO
CH3 S25 2856MHz Ref
Patch Panel CH1
LO Amp/Distribution TCav Input Reflected CH2 PHO4
380-208-15 TCav Output Reflected
2830.5MHz -3dBm in Phase Cavity CH3 S30 Ref
2830.5MHz 4 x 20dBm out
2830.5MHz in 2830.5MHz ou -
Penetration Penetration Penetration
20-17 24-15 30-1

—_
S21 to S24 Rigid Coax Linac Tunnel S24 to S30 Rigid Coax Linac Tunnel
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LCLS Commlssmnlng Tlme-Llne

A E n‘? w W ___j_ ). ;‘ In?'“ . fé' 3. 5.' i ,-..'::-.; ;;.-:-': ﬁ il ﬁL /- :%i@
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2007 2008 ¢ 2009 ¢

& re-commission Inj/BC2 to SL2
injector
...Injector Linac/BC2 LTU/Und/FEE FEL
Commissioning Commissioning Commissioning Commlsslomng

Controls checkout Re-commission T T
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