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Objectives of RF Control

  •  Advance RF control technology in the areas of hardware and soft-
ware to meet the requirements for the VUV-FEL, and XFEL and 
ILC. Focus is on

      •  state-of-the-art technology, pushing the envelope of perfor-
mance

      •  compatibility with tunnel installation (low maintenance, radiation 
tolerant)

      •  operability, high degree of automation for large scale systems

      •  availability and reliability optimization and cost reduction
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Collaboration

                    also worldwide participation by
                   FNAL, KEK, IHEP, ORNL, JLAB ...

WUT-ISE TUL-DMCSDESY PSI
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Highlights

  •  Third Generation RF Control  (WUT-ISE ...)
  •  Single Bunch Transient Detection (TUL-DMCS ...)
  •  Multichannel Downconverter (WUT-ISE ...)
  •  Stable M.O. and Frequency Distribution (WUT-ISE ...)
  •  RF Gun Control (PSI ...)

  •  Automation of LLRF Control (TUL-DMCS ...)
  •  Exception handling (DESY  ...)
  •  Data Management Development (TUL-DMCS  ...)
  •  Control Optimisation (DESY ...)

  •  Cost and Reliability (DESY ...)
  •  Radiation Effects on Electronics (ALL)
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RF System Architecture (1)
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RF System Architecture (2)
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LLRF at the VUV-FEL
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  •  Detection of transient of 
single bunch (1 nC) 
  - with magnitude of about 

2e-4 
  - with a resolution of a few 

percent in amplitude and 
few degrees in phase. 

  •  Conceptual idea:               
subtract delayed probe 
signal from original probe 
signal and amplify error
  - Transient vector is 

detected by fast sam-
pling scope

Single Bunch Transient Detection (1)



Anuual CARE Mtg. 2005 Stefan Simrock DESY

  •  This requires develop-
ment of new hardware 
(microwave,  analog, dig-
ital) 
  - with high bandwidth and 

low noise

  •  Demonstrated required per-
formance close to thermal 
noise limit.

Single Bunch Transient Detection (2)
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 •  High performance design using digital 
processing (FPGAs) and telecommu-
nication components.

 •  Reduce cost of LLRF system by appli-
cation of COTS. 

. 

 •  Redundant design where necessary

 •  Reliability studies on prototypes 
include EMI, thermal,  and radiation 
effects.

 •  Software design using modularity, 
standardization, good specifications 
and documentation

 •  Built-in diagnostics for hardware and 
software

Design Optimization, Cost and Reliability
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  •  VUV-FEL, XFEL and ILC require a highly phase stable reference to
  -  ensure that rf signals of laser, rf gun, and accelerating cavities are syn-

chronized to better than 100 fs (short term) and 1 ps (long term)
  •  The proposed approach combines 

  - a coaxial distribution system 
  - with a fiber optic monitoring system. 

Highly stable frequency distribution (1)
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Highly stable frequency distribution (2)

 •  Master Oszillator with output for 
many frequencies

 •  Climate chamber for evaluation of tempera-
ture sensitivity of subsystems

 •  Short and long term error suppression 
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  •  Digital rf feedback systems for 
superconductind real time data 
processing
  -  from a large number (up to 

128) of ADC input  channels 
and a smaller number (up to 
64) DAC output channels. 

  •  The latency from ADC clock to 
DAC output including all nec-
essary data processing 
  - should not exceed a few hun-

dred nanoseconds. 

3rd Generation FPGA based RF Control (1)
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  •  FPGAs are well suited for this 
type of hardware due to their 
the large number of I/O pins, 
large number of logic cells, 
and large number of multi-
plier cores which allow par-
allel processing of data.

  •  Goal is to explore the feasi-
bility of realization of digital 
feedback and feedforward 
algorithms, complex appli-
cation algorithms, exception 
handling and built-in diag-
nostics

3rd Generation FPGA based RF Control (2)
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3rd Generation FPGA based RF Control (3)

 •  In future more distri-
bution of sub-
systems connected 
by optical Gigalinks

 •  Example:          
Downconverters 
with analog I/O and 
preprocessing

 •  Issues for single tunnel 
operation are mainte-
nance and moderate 
radiation levels 
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  •  Develop low cost and compact 
high-performance multichan-
nel downconverter

Multichannel downconverter (1)
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  •  Should include
  - remote controlled attenua-

tors at rf inputs
  - RF outputs for transient 

detection
  - input for rf calibration sig-

nals

  •  Optional: 
  - ADCs and FPGA for prepro-

cessing on board and opti-
cal Gigalink to connect to 
main processor for control

Multichannel downconverter (2)
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  •  On-line, calibrated neutron and γ 
Dosimetry

  •  Dosimetry based on SEU in semi-
conductors. Calibration with 
TLDs and Bubble Dosimeters

Study rad. effect on electronics (1)
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 •  Radiation impact studies include performance degradation in analog circuits, single 
event effects in digital electronics, total ionizing dose effects leading to complete fail-
ure, and displacement damage.

Study rad. effect on electronics (2)



Anuual CARE Mtg. 2005 Stefan Simrock DESY

  •  The automation of the LLRF 
system will be implemented 
in the framework of a finite 
state machine (FSM) which 
is a well established indus-
trial standard. 

  •  The first step will be the def-
inition of the superstates, 
substates, flows, entry-, 
during-, and exit-proce-
dures, entry conditions, 
timer and event triggered 
procedures etc..

Finite State Machine (1)
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  •  The next step is the description 
of the applications to be used 
by the FSM. 

  •  Then the above functionality 
will be implemented as FSM 
server in DOOCS and the 
required application programs 
will be developed.

Finite State Machine (2)



Anuual CARE Mtg. 2005 Stefan Simrock DESY

  •  The operation of an accelerator 
requires
  -  calibration of operating parame-

ters,
  -  characterization of subsystem 

components,
  -  and documentation of the con-

figuration
  -  userfriendly data entry and 

access

  •   The data management system 
should be :
  -  easy to maintain, and support 

reliable and reproducible opera-
tion of the accelerator

Data Management System (1)
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  •  Solution:
  - application of commercial 

database engine
  - database structure adapted 

to accelerator requirements
  - interface compatible with 

DOOCS

  •  Implemention:
  - Oracle database engine
  - Table structure and 

datatypes
  - C++, Java, Matlab interface
  - Batch and GUI program 

interface

Data Management System (2)
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  •  Modern control theory has devel-
oped established methods for 
the design of optimal controllers.

  •  The optimal controller should 
guarantee best performance and 
robustness in presence
  - of beamloading,
  -  Lorentz force detuning
  -  and microphonics 
  - while operating close to satura-

tion of the klystron and the per-
formance limit of cavities and 
couplers.

Development of optimal controller
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  •  Operation of superconducting 
cavities close to the perfor-
mance limit will increase the 
trip rate due to the machine 
protection system. 

  •  Typical trips include couplers 
sparcs, cavity quench, klystron 
sparcs or other faults caused 
by operation with high power. 

  •  Prototype system evaluated 
successfully at the VUV-FEL 
with long pulse operation

Exception handling 
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  •  The normalconducting RF gun 
requires special control consider-
ations such as
  -  low latency in the feedback loop 
  - control for temperature of the of 

the rf gun resonator
  - and interlock scheme. 

  •  Due to the lack of a field probe, 
the cavity field must be deter-
mined by a precision measure-
ment of incident and reflected 
wave. 

  •  Detuning measured during field  
decay

Robust RF Gun RF Control 
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Performance of LLRF Verified at VUV-FEL with Beam
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