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X-rays in spring 2009




6 MV, 115 MV/m . — -
Laser 30° from zero-crossing R 50 -‘ N ) &

rreun 206y LCLS RF Systems
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LOA (20-7)
& 57 MV, 19 MV/m
% on crest

S\

LOB (20-8)
S 72 WMV 24 VIVIm
3° Ofiff crest

L1S (21-1) @& v/ L1X(21-2)
147 MV, 20 MV/im & @/ X-band
25° nominal chirp 20 MV, 33 MV/m
1 SLED 160° nominal

| |
,ra | 25%
H] - 1 — — — —_—
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T-Cavity (20-5) Bunch /

1.4 MV, ~4 MV/m Compressor #1 PHO02
180° transverse Bea.m phas_e
Bunch length diag. Emma Monitor cavity
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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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Callbratlon to Degrees of S-Band
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Calibration gives screen
pixels per deg-Si ( )

Now measure beam size at:

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

asymmetry due to
initial tilt (wakes?)
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Located between LOA and LOB. Beam Phase CaVIty
Single cell cavity at 2805MHz. 51MHz |
below RF frequency to lower from e - ) | e

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.

1.4 . . . .
i ® T-cav bunch length AN |
1 ™) 4 Ratio of phase cavities J ' RSy € o |
! N vary laser ‘ '."5 ]
phase _— \
’é\ 0.8 \ / 1 f ‘
& s —a——a— _ ¥ :
© 0.6r |
: of Wi | Frequency = 2805MHz
0.4t ) . 02 V)
. ¢ QLoaded p=1 6200
0.2 i v
BothS&Xband . e Time Constant = 700nS
0 phases varied ._) VA ,
0 1 2 3 4 5

J. Wu O JE (%) 0=1nC
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Beam Phase Cavity Analysis

Slope gives Frequenty

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. Software remains to be commissioned.




[l /=] _ -
Stanford Linear Accelerator Center

T EENT | — P ——

Stanford Synchrotron Radiation Laboratory

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

Needs new TWT driver




e ™ g -
/ { / Stanford Linear Accelerator Center

oS e Prymrae

Stanford Synchrotron Radiation Laboratory

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

Offset: 0 to 260 mm

N\ collimator
BPM

. motor controlled .
,” translation stage \\
54 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/Eo)| < 0.1% and |Al/| < 12% Requirement
_ 0.5deg X-Band = 125fS
Paml.ne.ter - Symbol LCLS Unit Structure Fill time = 100nS
Gun timing jitter Aty 0.50 psec
Initial bunch charge aeuen 2.0 %0
mean LO rf phase Do 0.10 deg Il .134dBc/Hz @ 476MHz
mean L1 rf phase P 0.10 deg :
mean LA rf phase X-band ) 0.50 X-deg
mean L2 rf phase @ 0.07 deg RMS tolerance budget for
mean L3 rf phase @3 0.15 deg <12<Z°_1r525"':’,§af'i‘,',‘:f rerf Ztnj:rtge; o
mean LO rf Voltage AVo/ Vo 010 05 jitter. All tolerances are rms
mean L1 rf voltage AV1/ T 0.10 %o pr:(;\;ilfo?:g:‘ii: :I;??(?yasrt\in
mean LA rf voltage AV V), 0.25 % | forL2and L3 are YNk larger,
assuming uncorrelated errors,
mean L2 rf voltage AV, 0.10 %o where Nk is the number of
mean L3 rf voltage AV3/V3 0.08 % klystrons per linac.
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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

Master Oscillator is
located 1.3 miles
from LCLS Injector

_
@1

75 |

I
I Sum } —

476MHz MASTER
OSCILLATOR

Measurements on
January 20, 2006
at Sector 21
show 30fS rms jitter
In a bandwidth from
10Hz to 10MHz

360Hz Line
Sync.

PEP PHASE SHIFTER
+-720 Degrees in 0.5mS
|

IQPAU
PEP Control
Camac Module

|

|

PEP PHASE SHIFT ON MAIN DRIVE LINE

360Hz

Fiducial

MASTER to RF 1.3 Miles to
AMPLIFIERS 476MHz

LCLS Injector

SLC COUNTDOWN
CHASSIS 476MHz
Divide to 8.5MHz

ka.SMHZ

Master Trigger Fiducial Generator
Generator MTG —{ Syncronized to:
Syncs Fiducial to 360Hz Power Line
8.5MHz Damping Ring 8.5MHz Damping Ring
and 360Hz Power Line 476MHz RF Distribution
! 8.5MH=z
“,r Damping Ring
Frequency
N\ 380Hz PULSE

\ANNNNNNANNN N remrz e
MDL a478MH=z

RFWITH

FIDUCIAL

MDL RF with TIMING Pulse — Sync to DR
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RF Distribution Lab vs. MDL Measurements

%% Agilent E5052A Signal Source Analyzer i Agilent ES052A Signal Source Analyzer

BPhaze Meoize 10.00dEJ Ref -20.00dB0Hz #Phaze Moise 10.00dB) Ref -50.00dBc/Hz
20,00 }' Catier 476000007 [z 36570 dBrmn £0.00 }P’ Carrier 47600020 MWz 10,4239 dBrn
' »1: 99 Hz| -108.59391 dBg Hz ! =1: 105 Hz -127.0962 dBc/Hz
Z: Start 10 Hz Zr Start 10 Hz
Stop 1 MHz Stop 1 MH=z
Center| BO0.00E kH= Center| 500,005 kH=
Span 935,99 kHz Span{999.99kHz
= hNnise == = Noi=e ==
Analwsis Range X: Band Marker Analwsis Range X: Band Mirker
Analysiz Range Y: Band Marker Analysis|Range ¥: Band Marker
Intg Noise: -F2.0915 dBc |/ 1 MHz Intg Moise: -85.5097 dBc/|/ 1 MHz
FEM% Nodse: 351.51 prad RMS Modse: 53.0923 prad
| 20.1400 mdeg 2.04196 mdeg
REMS Iitter: 117.531 fsec EMS Iither: LF.F52 f=ec
Residual FM: 26.5092 Hz Residual FM: S.48964 Hz

™ ]
IF Gain S0dB Freq Band [300M-7GHz] L Opt [=150kHz]

L
IF Gain S0dB Freq Band [300M-Fi5Hz] Lo Opt [ =150kHz] F7Cpts

Existing Linac MDL Sector 0 LCLS Reference System Lab Measurements

Before July 2007 20fS rms Jitter 10Hz to 10MHz
126fS rms Jitter 10Hz to 10MHz John Byrd LBNL

In July 2007 both the Master Oscillator and Master Amplifier were
upgraded. An increase in stability was noticed.
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[ RF HUT Coupler MDL to Linac Sectors 21 to 30
W 476MHz Ref. 80uW
M D L from FSJ4-50 0.8dB/30ft o e S PEP and Research Yard
Sector 0 LCLS LLRF 476MHz Linac Ref.
380-208-38 |
476MHz Amp I
Existing Sector 21 30dB Gain 19dBm 4 x+13dBm out — Lﬁssli.f g?g‘gz LASER Reference
TIMING SYSTEM
FIDO Output MDL 476MHz o e . LASER
120Hz 380-208-40
MDL SPAC
119MHz TRBR
380-208-40 J14 ROOM
S ( VME BASED
LCLS 476MHz PLL LASER PHASE
Track/Hold ~ Sample and Hold PLL FEEDBACK LASER Diode Output
CH2 - S21 119MHz TRBR with DAC offset adjust 2856MHz and 119MHz
REF PAD and Error Monitor 2830.5MHz LO Gen
119MHz 4x 476MHz
CH3-LCLS 119MHz 0dBm OUT 13dBm OUT| — 2856MHz in CHO -2856MHz an
LSR PAD G—L — - ‘ oo s — LSR PAD
H ! joaulator to aajus
LASER <>——— LCLS \g!;[')_lz:ogl_)g:‘al Dist 2830.5MHz to 2856MHz Phase , CHLZS]I':%gF’;AAH[Z) I
I A )
—§ 4x119MHz Ax 476MHz Divide 112 to 25.5MHz
124Rm QLT 1'4:;Rm alT SSB Mix {0 2830 .5MHz CHL 2850MHz ;ﬁ?gz SINGLE
TIMING GE' 4X to 102MHz LSR PAD | MEASUREMENT
\ — |
+13dBm in +13dBm in 25.5MHz out
476MHz to 2856MHz 476MHz to 2856MHz 102MHz out  2830.5MHz out
MULTIPLIER MULTIPLIER ‘ : ‘ +13dBm 25.5MHz in
+17dBm +17dBm
380-208-22  out 380-208-22 out Clock - 102MHz P51 | Local Osc - s-Band pE X-Band LO Gen
CLK SPAC LCL SPAC 380-208-51
RF Reference - S-Band e 380-208-40 J14 380-208-40 J14] 25.5MHz out
RFR SPAC ﬁ]
380.208-40 J14 102MHz 7 2830.5MHz 7
+6dBm in VHF 5W Amplifier S-Band 10W Amp CH3 - 25.5MHz
2856MHz REF PAD
X-Band 4x §7 380-208-26 380-208-27
MULTIPLIER S-Band 10W Amp —
380-208-27 LOA
380-208-50 +17dBm out igzv’\\/AHZD‘ . igzv’\\/AHZD‘ . 2830.5MHz -23dBm LoB
ay Dis ay Dis 2.8-2.9GHz Distribution] [oTcav
2856MHz -20dBm 22dBm each 22dBm each 280-208-20 l1s
2.8-2.9GHz Distribution 38020821 38020821 ‘ L1X
380-208-20 ‘5512
Gun LOB o -
tgg LOTCAV 830.5MHZ L from thIS
L1S
LOTCAV L1X = = = u =
L I prryer distribution chassis is the RF
LINAC REF PAD
stz rom TS o Reference for LCLS RF systems.
Sector 21 SBDU REF PAD

S tanford
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LCLS LLRF System to BC1

B RF Feedback for Six RF Stations

m Gun — 5 Chassis

m LOA — 4 Chassis

B LOB — 4 Chassis

m TCav —4 Chassis

m L1S -4 Chassis

m L1X —4 Chassis
B Laser Reference and Feedback —2 | |
E Two Phase Cavities — 1 Chassis i@"
E Reference System — 21 Chassis -

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

Stanford Linear Accelerator Center

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

critical RF measurements.



Lab Tests Show
Reference System
Noise Levels Meet
All LCLS
Requirements

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

John Byrd - LBNL

S
Stanf ‘dSyn:‘Bror I

d

m i

i Agilent E5052A Signal Source Analyzer

FPhase Moise 10000dB) Ref -50,00dBcHz
r Canier 2856001277 SN
50.00 350 Hz| [-10%.5107 dEg Hz
Hz

-3 000 dBr

L MHzZ
Center 500.005 kHz
Span 995,93 kHz
== Noise ==

Analyziz RAmge ¥z Bamd M
Analysis Range Y@ Band M
Intg Moise: -72.4635 dBc
RME Nodise: 236.777 prad
19,2955 mdag
RMS Iitter: 18,936 fzec
Residual FM: 60.5161 Hz

-
IF Gain S0dE Freq Band [300M-7GHz] LS Opt [=150kHz]

2856MHz : 22fSrms 10Hz to 10MHz

+i- Agilent ES052A Signal Source Analyzer
#Phase Moise 10,004RS Ref -70.004B: Hz
Carrier 26,5000 Mz 12 E022 dBrn

r
?D'DU' =1:| 2.812 kHz -1E4.925% dEc/H=
Z: | Start 10 Hz
Stop 1 WH=z
Center 00,005 kHz
Span 999,99 kHz
= Moize =
fralwsis Range H: Band M
Analysiz Range ¥: Band M
Intg Nodise: -95.327% dBc
EM% Nodse: 24.217 prad
1.38753 mdeg
FEMZ 1ither: 151.147 fzec
Fesidual FM: 12.9427 Hz

FFGpis Corre 100

IF Gain 50dE Freq Band [300M-FGHz] L Opt [=150kHz] 775pts Carre 100

25.5MHz : 152fSrms 10Hz to 1MHz

tanford Lin

ar Accelerator Center

adiation Laboratory

easurements

Agilent E50524 Signal Source Analyzer

PPhaze Moize 10.00dBS Ref -50.00dBciHz
50,00 ’V Catrier 2 820501273 G
' 1: 39 Hz  -111.2340 dBg Hz
A Start 10 Hz
Stop 1 MHz
Center 500.005 kHz
Span 995,93 kHz
== Moise ==
Aralysis Range ¥: Band M
Analysisz Range Y: Band M
Intg Hoise: -F2.5718 dBc
RME Modse: 321,711 prad
18,4097 mdag
RMS Jitter: 18.067 fsec
Reszidual FM: &4.0075 Hz

0.2311 dBm

-
IF Gain SOdB Freq Band [300M-FGHz] LD Opt [=150kHz] F75pts

2830.5MHz : 22fSrms 10Hz to 10MHz

Agilent E5052A Signal Source Analyzer

#Phase Moise 10.00dBS Ref -70.00dBcHz
70,00 " Carier 1020000 Mgz -0LESFE dBrn
' =1z 2.812 kHz |-137.3367 dBc/Hz
A Start 10 Hz
Stop 1 MHz
Center S00.005 kHz
Span 995,99 kHz
==|Moise ==
Analysis Range #: Band M
Analysis Range ¥: Band M
Intg Hodise: |-75.7472 dBc
RME Modise: 1£3.264 prad
| 2.36005 mdeg
RMS Jitter: 254,903 fzec
Residual FM: S7.0755 Hz

Corre 100

Fs
Freq Band [300M-7GHz] L2 Ope [=150kHz] FFSpts

Srms 10Hz to 10MHz

S tanford

inear

IF Gain S0dE Corre 100

102MHz : 281

enter
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RF Cable Routing

All cables are routed from devices in temperature
stabilized area to the centrally located, temperature
stabilized, RF Hut in the linac gallery. ‘

e / P BEAM DIRECTION
/ Cables run down through

penetration 20-17 which is
enclosed by the RF Hut

Cables from pnetration
to RF Racks

S tanford
inear
Accelerator| %
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Linac
Sector 0 RF Number of cables per device
Reference cables are
MDL 8ft and can drift +-50fS
TR I ey Campermrevonsnons | Most Devices
™ ecifications ™ .
1(?0fS rms jitter LO ' z PADS and temp co of 5ppm/degC | &€ IN Tunnel
+-2.3pS drift Laser | 2 Laser +-2001S L aser
RF Gun —rrFcun F.370fS RF Gun
L2 - 4 Sectors ) +-310fS Lo
4 Specifications LOA . —1LOA
70fS rms jitter 2 +-240fS .
+-5pS drift Phase Cavity = Phase Cavity Phase Cavity
LOB 2o +-240fS LOB
L3 - 6 Sectors 4 +-140fS L1S
™ Specifications L1S L1S
150fS rms jitter L1X L2 L1X +-160fS L1X
+-5pS drift L ¢ 500G
RE HUT LCLS Specifications:

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

Stanford y
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The new control system will tie in
to the IPA Chassis with 800W of
drive power available. The RF
Reference will be from the new

Wy Next Sector
ImW
1w
§J 6 X
Existing 2856 MHz
Phase
R_eference SubBooster RF reference SyStem .
Line Y Sub Drive Line
To Next
Klystron »3kW |
— |
Y
IPA @
20mW High Power Solid State Sub-Booster PAC
% Phase Shifter
Attenuator
Phase & N
Amplitude Klystron
Detector
SLED
200MW
o -45dB
Existing éj

System

Accelerator

| and Q will be controlled by the
PAC chassis, running 16bit DACs
at 102MHz. Waveforms to the
DACs will be set in an FPGA
through a microcontroller running
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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ACCELERATE CLOCK TRIGGER  STANDBY sssB sssB
TRIGGER 119MHz ~ Monitor TTL  TRIGGER Gate Monitor  Chassis
120Hz RPN FP BNC 120Hz FP BNC RP 15 Pin D

RP BNC RP BNC
RF INPUT RF OUTPUT RF OUTPUT
Monitor Monitor To SSSB ::’\PA%NEOR SPMBOI\INC”OR
FP N FP N RPN N A v
H9 H10 J3 |J2 H7 J10 SSSB H6 P5
RF Module Trig
TTL
17 to 30uS
MATCHING
FILTER I
NETWORK "
6bit DATA .
| 16 bit
1&Q MODULATOR Amp o m
2856MHz Ref Amp ) Ry 1 2 Ly p —— ksars oK XILINX DATA | CONTROL / 7
-3dBm — 2 RE Lo L1 . SPARTAN 3 Arcturus uC5282 m
- WA 2 X 16 bit DAC b
RP N W 09 119MHz Clock  6bit DATA FPGA | Microcontroller Module g
Q ] (1 0 200MH) &S | with 207100 Ethemet =
~ CLK
MATCHING J4 mz
v FILTER Iz
NETWORK AD8099 Diff Amp by
G
Control Control il
8
<
Temperature
SLOW ADCs %t" !
"\Izr:_;:s:ature ét" H12 PAC Temp —— Monitor
' IQ Temp
SSSB Temp
SSSB P-FWD
15VDC REINPUT 5VDC 15VDC NC SSSB P-RFL
70mA Monitor 10mA 70mA fss\fs PWR Contr0| Board
a -12v

.........

S-Band PAC chassis has an EPICS on RTEMS
Coldfire I0C 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 y
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PAC IOC EPICS Panels

DAC

LCLS LLRF Station: L1-5
ACCLLIZ1TA:LTS

‘Configuration

Monitors

Number of points to use 4 ey plats

Changing M Pt 0083 —

Amplitude of Calih WF
| Gain

| Offset

G Gain

G Offset

| Adjust  Adjusted at
: 120 Hz during
9 Adust normal aperation

Select Waveform Pair
_"ISLE‘D'F‘ufse ]

Trigoer
Mode

Contral Yalid Range: Min Max

External

Internal
CPU

Operational 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.

Delay
{in 9.8 ng
increments)

5558

Dela!

¥ o

increments)

Width

{in 9.6 ng

increments)

Range

Ext Trig Delay {in 9.5 ns increments)
Ext Trig "Width (in 9.8 ns increments)

of | & @ Adjust

RF Station: L1-5
acCLLIET:L1E

To effect changes, press Calib Rgst button
and vait for Current State to he "Calibrating”

Print.. | | Exit

Calibration Control

Idle
Calib Ryst
Calib Done

Configuration
Calibration ALWAYSE uses full FPGA, ie. 2048 pts

Contral walid Range: Min Max

Trigger

[ Exemal  IntTrig Rate
2 {in 9.8 ns_
_intenal | increments)

CPU

Changing Ampl
redraws | & Q
center plots

Amplitude of Calib WF

Jznaon
-100
31500

| Gain

| Oiffset
G Gain
G Offset

Changing | Gain or | Offzet
updates FPGA | buffer.

Changing | Gain or | Offset
updates FRGA | huffer,

Select Calibration Wavefarm Pair

_. sinfeos

Changing Calibration Wavefarm
redraws all 6 of the wayefarms
below

2045

Calibration PAC Panel

Stanford y
Linear
Accelerator| %
Center =
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Operational
PACs

B Four Ref.
System

Laser
Gun
LO-A
LO-B
TCav
L1-S
L1-X

Stanford Synchrotron Radiation Laboratory

LCLS LLRF Station: L1-8 . :
ACCLLIZ1:1:LTS Sl Sitie _ | Print.. | | Exit |

Dac

Delay | 3000
(in 9.8 ns

increments)

Configuration Monitors Caontrol

: Changing M Pts does

Walid Range: Min kaix

Amplitude of Calib WF 5558
. Delay
| Gain {in 9.8 ns | o
| Offset increments)
i Width Im—
& Gain (in 9.5 ns
= Offget increments)

I Adjust  Adjusted af
120 Hz during

2 Adjust normal operation

Fange of | & @ Adjust
Change

Select Wavefarm Pair Trigger

External 2000
kAoce Ext Trig Delay (in 9.8 ns increments)
SLEDPulse _| Internal | —
CPLU Ext Trig Width (in 9.8 ns increments)

S tanford
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CHAN O CHAN O
TEST PORT 25.5MHz IF .
RP SMAJ18  FP BNC J1 4X 16 bit ADC Control Board
@ LTC2208
Transformer Coupled Inputs
CHAN 0 16bit DATA 16 bit
RF INPUT v Chan. 0 FIFO DATA m
RP N J22 we— 64k words CONTROL / ufl MU
po)
CHAN O ] AR 16bit DATA cs |Arcturus ucs282 Z
TEST PORT Chan. 1 FIFO ¢k | Microcontroller Modulel2!
FP N J2 FILTER 25.5MHz BP WCLK 64k words with 10/100 Ethernet Q s
£
LO DIODE 16bit DATA FIFO .
DETECTOR Chan. 2 we | 64Kk words 32
. g Ji13
LO INPUT RF Board 10d8m o™l FiFo m
2830.5MHz ™| chan. 3 weik | 64k words
RP N J24
—_ Temperature Control
LO OUTPUT MIXER 2 2 Chan Monitor
> |
2830.5MHz RF Heads CPLD
FP N J9 | g
i 5VDC
_(rIIE—|SA_Il}I FZ)lORT FILTER 25.5MHz BP 0.8 x 2 Analog QSPI
L‘ >; 5VDC o
FP N g4 CLOCK INCLOCK Mon 0.5A Digital TRIG In TRIG Mon 20 pin ribbon
102MHz ~ 102MHz 120Hz FP BNC J12
HAN 1 J16 J11
C - RP N FP N RP BNC J17
RF INPUT
RP N Jj26
i
CHAN 1 CHAN 1

TEST PORT 25.5MHz IF
SMAjz(E PFP BNC 3

S-Band PAC chassis has an ICS on 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
1]
10 Sine Wave Histogram
2500
-20
~la o
-3 Chan O
40 2000
% 0 LI
z o — SNR 69
M 70 ¥ 2 1500
=] =
-80 g
-90 k=)
oo | #1000
-110 AR '
-120 500
-130
1’ et o1t ot 1’ o e
Frequency
0
RBW=1556Hz : Channel 0 : Channel 0 signal = +2dBm an? an? an? an? an?
510Hz = -98dBm : Total Moise = -67dBm : Nov 29, 2008 0 1410 28 lﬁ?gitizer reagi'r%gm 5610 710
DNL INL
10 05 60
L 04
-1 03 J/’”"\
—20 8 0z | el (] | | [ 40
=0~ (0 f - i E e /
- ]Cir] = 01 =y
40 @ = / N
= 50 = v w20
oo r 1 Al =
= = Crosstalk < 100dE S o < \
L -7 g 02 . e = \
-0 03 -0 4 ¥
0 04 S
-100
o Vil% {1_50 110% 2.10% 340 440 50" 6.10° 7.10° 20 4 44 a4 4
120 d I 0 110" 210 30t 4.16° 510" 6.10° 710
-130 5 . . . . . .
3 4 5 & 7 2 o
v et e’ o d of d | Sine Wave Histogram shows no missing bits and Differential
RBW=1556Hz: Channel 1 - Channel 0 signal = +20Bm Nonlinearity of 0.2 LSBs. The Integral Nonlinearity is large

51MHz = -106dBm : Total Noise = -68dBm : 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: L1-5

ACCLILIZITLIS The Coldfire EPICS I0OC reads
digitized data from 4 FIFOs. A

Stanford Linear Accelerator Center

Stanford Synchrotron Radiation Laboratory

Configuration Running ¥s Calibrating

Offset Total Offset Window Size  Total Window Size

eRem [0 o operationa voce [ : , )
SR = Caltation Cortol [yt Catoraing window is set in the data by
a1-1creon IO = carary | selecting an offset and window
21-1D RF out | 180 i Done |

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.

Current Acquisition
um 3 ava | ava

0.00021280

Raw ‘Waveforms of the Current Acquisition

Z1-1B RF In
Z1-1B RF Out
Z1-1C RF OQut
21-1D RF Out

Temperatures

Ch
1]

dedaree C

0.00021280
0.00021280 -273
0.00021280 -273
0.00021280 -273
0.00021280 -273
0.00021280 -273
0.00021280

Status

The temperature monitors are
shown here not working, we
have more work to do.
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Interrupts processed

Scan /O requests

Overflows in |

Overflows in G
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LN\ =R

LCLS LLRF Station: RF GUM
GUMN:IMZ0:1:GMT

cell 1A
Cell 1B
Cell ZA
Cell 2B

PADs

Reference
System
Laser

Gun o
LO (AZB)  |lm
L1-S

TCav .
X-Band
Phase Cavity|.

Six Klystron || ;
diagnostic

Current Acquigition
Mum

LO A and B PAD

LCLS LLRF Station: L0 & and B
ACCLINZ0:350:L0

Total Offset Window Size  Total Window Size

400
400
400

Current Acguisition Waveforms of the Current Acquisition

LOB Out

Temperatures

denree C Slope

0.00021280 -27d
0.00021250 -273
0.00021250 -273
0.000212a0 -27d
0.00021280 -27d
0.00021250 -273
0.00021250

- ™ o ™

Status
Interrupts processed
Scan O reguests
Qverflows in |

Qverflows in G

Configurafion oo Total Offset

Running vs Calibrating

operstora vose R
Calibration Contral Not Calibrating

Stanford Svnchrotron Radiation Laboratorv

Running vs Calibrating

Operational hMode _
Calibration Control ,W
Calibrating
Done

Wincow Size Total Window Size
400
400
400

400

Waveforms of the Current Acguisition

Calibrating

Gun 1 PAD

S tanford
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enter



VME Based Feedback IOC

Stanford Linear Accelerator Center

LCLE LLRF Station: L1-5
ACCL:LIET: LS

| Klystran 21-1 Diagnostics | | Home Screen...|

| Exit |

Current Acguisition

Z1-1B RF In 21-1B RF Out  21-1C RF Out
| &verage from PAD
@ Average from PAD

Actual Phase + offset (deg 2856 MHZ)

21-1D RF Qut

Total Weight

- . -

Phase Weighting | 0.500 | 0.167

Amplitude Weighting | 0.500 | 0.167

hdin Cor Desired Wt averane hdax Cor

Previous et Point

- e

Actual Power * scale factor (kW)

Phase (dey 2856 MHz)

Litnit Correction to

Mew set point Smnnthinn

Limit Set Point to < Zet Point <

cutpliie i = kdin Car DCesired Wt averane hdax Cor

Mew set point Sroothif Frevious Set Point
~+i -0
Limit Set Point to

Litmit Cnrrectiun to

<« Zet Point =<

| adjust = Aset < cos Psstx Scale

E=pert panels

W

| L1-5 PAD (source)
l.ﬂadjust scale factors & offsets

G adjust = Aset % sin Pset x Scale

Global Feedback Status for L1

o
| oFF |

Local Phas FB
[f Local Phas FB is off OR

ampl below minimum threshold,

Previous Set Foint is sent
every time PAD is triggerad

Local ampl FB
If &mpl Phas FB is off OR

ampl below minimum threshold,

Previous Set Point is sent
eyvery time PA&D is triggered

- Minimum &mpl reqd for BOTH Fhas and &mpl FBs 1D 000

ending | and & adjust to PAC

Enabled

Expert panels

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

n Radiation Laboratory

VME based feedback 10C
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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L1S Stability

Stanford Linear Accelerator Center
Stanford Svnchrotron Radiation Laboratorv
File File
NedEs Qaa™ms® €08 NeHas fRame (€ 08
L15 AMPLITUDE. Mean walue = 133.03. Relative eror = 0.056 . L15 &MPLITUDE, Mean value = 134,65, Felative ermor = 0.05 %,
! ! 1349 T T T T T T
5
=
-
c
m

100

200

00 400 £00 134.3

i i i
1] 100 200 300
L15 PHASE . Mean value = 27 76. Std. deviation = 0.13 deg,
T T T T

i 1
400 500

i
R0 700
L15 PHASE, Mean walue = 200002, St
206 T ! T

d. deviation = 0.102 deq.

i i Al b 3?” ] i i 600 1E"EIZI 1EID 260 3&!0 4IéIIZI 5&"] EEIEI Fnli]
ik time [zec]
Feedback Off, 10 Minutes, 0.056%, 0.13°

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 (LOa)

i

0.02% rms (¢0§1%)7

Rl

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

hhﬂ‘

|“I

New RF
systems
meet jltlar

: |
A |\f Ml Wlhllﬁh A ﬁl/'h le " J\‘uu"u L,ﬁ‘,lﬂqum THrpAR

0.3
2

) ![ i | _ q V I|I,‘ : ! N Pammeter mean | rms [ rms unit
|| ! ; -ll[ setting ol | meas.
i ‘ _____ of L Charge | nC: 2 1.1 %
: Laser phase 30 0.5 0.2 deg’
FEEdbaCk Runnlng 1 1 1 CGun phase 0 0.1 0.03 | degh
0 E 4 =1 ) 10 12 14 Gun amplilude 60MV | 0.1 0.02 o5
LOa phase 0 0.1 004 | depS
20-second sample at 10 Hz Loaamplitude | 57MV | 0.1 | 002 |
LOA PHASE, Mean value = -1 1633 Std. deviation = 0.0{ L0b phase =3 0.1 | 0.08 | degS
! L ! ! ' L Lok amplitude 72 MY 0.1 .03 "y
N _ { '4:1 rm : (1: N 'ﬂ') . .18 phase 25 i1 0.0% | degS
D‘ S 0 1 .15 amplitude 49 MY | 0.1 | 006 %
- TCAV phase ) 0.5 0.3 deg’
TCAV amplitude | 1.0 MV : 0.2 0y
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LCLS RF System Remaining Tasks

Turn On December 2007 — 4 weeks

Stanford Synchrotron Radiation Laboratory

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 Cauvities

Modifications to 4 SSSB Chassis for new BCS

New Phase Locked Oscillator under design for Injector
Software for all above systems
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Block Diagram LCLS RF System L2 and L3

Stanford Linear Accelerator Center

Sector 20 RF Hut 324 RF Rack LKF2414 Sector 24 S-Band Reference
2830.5MHz Ref $25 2856MHz Ref in S-Band PAC 24-1 SSSB
2830 65MHzZ +17dBm S-Band PAC 380-208-40 714-111-11
2.8-2.9GHz Distribution 38020840
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 24-8 380-208-60 | j
CHO PAC out S-Band PAC 24-8 SSSB
- 380-208-40 714-111-11
CH1 Drive
CH2 Beam Voltage
CH3 Kly Forward Sector 29
— Sector 30 476MHz PAC SB29
PAD 380-208-60 z
P . 476MHz PAC SB30 380-208-40
CHO TCav in 380-208-40
CH1 TCav out Sector 29 KF29-1A
CH2 PH03 LPAD 380-208-60
CHoO
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 CaVlty CH3 S30 Ref
2830.5MHz 4 x 20dBm out
2830.5MHz in 2830.5MHz out
Penetration Penetration Penetration I
Pene Pene Pen Of 18 RF Chassis,
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LLRF Software Tasks

E To be completed before next run begins

B Migration of code installation (from afs to
nfs)

m Addition of private ethernet for PAD->VME
and VME->PAC traffic

m Sector 24 PACs software
m L2 TCav software
m L2 Phase cavity software

E To be completed during next run
B Laser upgrade commissioning
m L2 commissioning of RF systems
_2 longitudinal feedback commissioning
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LCLS LLRF Summary

E Will have most hardware installed by February 08.
B Software development is ongoing.

E Beam synchronous acquisition and 120Hz feedback
efforts will continue through the run. This is the
largest effort remaining in the LLRF system.

E Need new type of X-Band Sub-Booster to drive
Klystron.

m Will be looking at NLC design TWTs and solid state
The above work completes the LCLS LLRF system.




