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SLAC Interests in PX L-band RF System
• Modulator charging supply – develop 80% main for multiple 

modulators plus 20% individual supplies

• Modulators – Marx alternative and baseline modifications

• Klystrons – Multi-beam klystron long-term testing (Toshiba, CPI, ..) 
and sheet beam and other alternatives

• RF Distribution System – adapt version being developed for NML 
cryomodules

• Intra-pulse amplitude and phase shifter – develop less expensive 
version

• LLRF – develop control algorithms based on FLASH experience (but 
probably not hardware)

• Couplers – see earlier talk





FNAL Pulse Transformer Modulator Layout

Capacitor Banks IGBT Redundant Switch Bouncer Choke





SLAC/KEK Toshiba 10 MW MBK

6-Beam
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Test Results at Toshiba

Efficiency and Output 
Power -vs- Beam 

Voltage

Effect of a Mismatch 
(VSWR = 1.2):

Output Power -vs- 
Phase of Mismatch



New Station Nearing Completion
• In early 2009, the Marx Modulator will be 

used to power the 10 MW Toshiba MBK for 

long-term evaluation.

• Built oil tank to support the MBK, a water 

load, and a filament PS transformer.

• Water load can dissipate the full output power 

of the modulator in the absence of a klystron



Erik Jongewaard



One Klystron feeds power to a few cavities.

Cost estimates 
being made

Likely Plan

Distributed RF Source (DRFS) Scheme
S Fukuda



Ray Larsen

HLRF Interlock Module and ATCA*
Platform R&D Plan



Fast Fault Finder
• Replaces PLC and NIM logic to protect klystron (the modulator has its own 

interlock system) 

• All signals, fast (e.g., rf or light) or slow (e.g., flow or PS current), are pre- 
conditioned to the same voltage range and sampled by a 20 MHz, 12 bit ADC 
and sent to a FPGA to generate fast ( < 1 us) or slow (< 1 ms) fault signals 
based on high/low thresholds of individual channels or channel differences.

• Currently, four VME boards (4 fast, 10 slow channels each) are being tested.



ILC Baseline RF Distribution System

ILC Alternative RF Distribution System

Fixed Tap-offs

Circulators

Variable Tap-offs (VTOs)

3 dB Hybrids

Currently Building This Version for FNAL Cryomodules

3-Stub Tuners

Phase Shifters
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Modular 2-Cavity PDS Unit for 1st FNAL CM

• fewer types of splitters (2 vs. 9)
• power division adjustable by pairs (VTO)
• permits elimination of circulators (hybrid)

BENEFITS OVER LINEAR BCD:

First (of 4) 2-cavity unit for ILCTA@NML CM-1 tested and delivered to Fermilab.  
The other three are about to be high-power tested and shipped.





AFT E/H Tuner Prototype
Cost Each in Quantity Estimated
to be 30 k$ (WG) + 15 k$ (PS)

+ Second 8 k$ Circulator
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Stable operation with 450 bunches
– Several hours of data
– Currently under analysis

Long bunch trains (~2.5 nC/bunch)
– 550 bunches at 1MHz
– 300 bunches at 500KHz
– 890 MeV linac energy

All modules (RF) running with 
800us flat-top and 1GeV total

Increase from 450 to 550 bunches 
eventually caused vacuum event

TTF/FLASH 9mA Experiment
Recent Machine Studies and Results
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Correlation of Jitter Amplitude RMS & Detuning RMS 
for the 24 Cavities in ACC 4-6

FLASH Beam-OFF Cavity 
Probe Signal Analysis



RF Control Models & Simulators 
(Goal: A Common Matlab Model)

Gustavo Cancelo
Brian Chase



Elements of a PX RF System 
R&D Program

• Continue ILC efforts on ACD modulators, klystrons and rf distribution systems

• Do long term testing of baseline klystrons (acquire CPI version ?) in parallel with 

XFEL mod/kly test and industrialization program 

• Assess implications of doubling pulse length and pulse rate on rf sources

• Develop affordable fast phase/amplitude shifter for the low energy end of the 

linac (full linac ?). Also measure power limits of rf distribution components.

• Examine other rf source possibilities (e.g. one source per cavity) that are not 

driven by large scale of ILC and that may have higher average power capabilities

• Better understand the implications of the beta < 1 proton beam for the cavity 

gradient regulation

• Increase efforts on understanding cavity perturbations in FLASH and the control 

algorithms required to keep the beam energy stable.
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