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Uses of such measurements include:
Abstract »  Optimizing performances ofhe controlsystem,
by predicting ultimate loop gain possibilities
Checkingperformance of closetbop operation

The Low Energy Demonstratiohccelerator (LEDA)

for the Acceleratorfor the Production of Tritium(APT) with respect to open loop

project will be built at Los Alamos Nationahboratory. e Setting the correct loop phase shift

The low-level RF (LLRF) control system portion tbfis e Detecting any abnormal behavior in the RF chain
acceleratormust perform many functions, of which the

primary one is controlling the RFfields in the 2 DISCUSSION

accelerating cavities. Plans have been madedaide for
on-line characterization ofthe LLRF control system and One of the primary functions of the low-level RF
the complete RF system through use of stimulus awedntrol system is to maintain tHeld levels inside the
response buffergnd adigital signal processduuilt into  accelerating cavities. The basic VXlbus module
the field control system electronics. The purposdhi$ architecture for the LEDA LLRF control system Hzeen
circuitry is to characterizeéhe behavior of the entire RF describedpreviously as well as some preliminarpw-
system (klystron, waveguides, high power splitters, level RF modeling for the APT By implementing a
acceleratocavity, etc.). Thischaracterization feature canLLRF control system that provides easyftware/hardware
be used to measutbe performance othe closedloop interaction, other functions can be implementastsides
system withrespect tothe open loop system, tprovide simple real-time setup by theccelerator operators.
an automated way to set loop parametergjetermine the Software can also be used to perform RF system analysis.
cavity Q-curve, and to detect any abnormal behavior in the A fundamentalcomponent of the LLRF control
RF chain. The types of measuremdntdude frequency system is the Field Control Module (FCM). Thisodule
and time-domain responses to given perturbationss a feedback/feedforward controller used to regulate the RF
amplitude modulations, etc. This paper will discuss typd®ld parameters othe acceleratorcavity. The FCM
of algorithms thatcan be implementednd present a performs cavity field feedback andbeam feedforward
descriptionand block diagram ofthe electronics to be control algorithms in both digitaind analog circuitry.
used. The digital processing on the FCM ¢entered around a
Texas Instruments TMS320C5®&ed point digital signal
1 BACKGROUND MOTIVATION processor(DSP). The DSPprocessor provides powerful
control algorithmsandflexible operational scenarios. The
Initially LEDA will be operated“manually” as we digital processing provides precision detectaoml flexible
bring systems on-line individually. However, in planningontrol signals tdandwidths around 1RHz. In order to
for the APT plant, it isrealizedthat we will beoperating extend the bandwidth beyoridis, analog circuitry isused
an acceleratomwith upwards of fifty control systems. to process thdield andbeam signals in parallel with the
Automatic calibrationand test sequencesvill enable the DSP. The analog circuitry is more susceptible éoors
operators to quickly diagnose system and anticipate and noise, and is less flexible, hurovidescontrol signal
possible failures. In addition, performing dynamic bandwidths to around MHz. A block diagram of the
frequencyresponse measurement of the RF claound FCM is depicted in figure 1.
its normal working point, will provide focharacterization The flexibility of the digital processing on the FCM
of individual control systems throughout their “lifetime.” is demonstrated bits ability to function in significantly
Here the RF chain refers to part of the LLRF contrddifferent operating modes. The operatingnodes
system hardware, the preamplifier, the Kklystron, encompass mangifferent operational scenarios including
waveguide high power splitters, couplers, cavity, pickup continuous operation, pulsed operation, amplitude
loop, downconverter,and return signal cable.  This modulation, phase modulatiorfrequency modulation,
measurementwill be a special mode of operation, amplitude and phase control, amplitude-only control,
incompatible with the normal control algorithm. The ainmopen-loop operationand closed-loop operation. Also,
is to measuréhow a known perturbation at a givensetpoints, gains,bandwidths, and algorithms can be
frequency is transmitted along the RF chain. adjusted bythe operator through the VXIlbus interface. In



addition to the control circuitry, the FCMincludes
circuitry that performs self-calibrationand system
characterization. The calibratiorand characterization
functions are accomplished with either frequency
modulation or arbitrary waveform modulation.
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Figure 1. Block Diagram of Field Control Module

The frequencymodulation functionalitycan beused
for self-calibration of the in-phase/quadrature (1/Q)
detectors orthe FCM andother modules in theystem.
The FCM can beplacedinto an operatingnode where it
generates a control output that applieseguencyshift to
the master oscillatofrequency.The original purpose of
this shift is toprovide ameans ofresonancdracking to
rapidly heatthe accelerating structure after a R&ult2 It
has theadditional featurghough, of providing us with a
means of inputting a tedtequencyfor measurement of
the offsets,quadratureerrors,and gain imbalances in the
I/Q detectors. This frequency modulation functionality
will also allow us tomodulatethe klystrondrive with a
swept FM signal, something SLAC hdeund quite
useful for processing cavities.

The arbitrary wavefornmodulation functionality can

field level is measured inthe cavity (without beam). A
generatedperturbation (test signal) is thesdded to the
normal output values tayeneratethe perturbed input
signal (krw and Q). We will operatethe klystrons
some percentagebelow saturation, inorder to allow
operating room for thelisturbancanput. Themodulation
we place on the drive will be simply some small noise on
top of abasebandevel. One type of test signal consists
of a succession opre-calculatedsamples at acertain
frequency rate anduring a certain period dfme. While
this test signal is beingnjected into the system, the
cavity field perturbednputs to the DSRare measured and
storedfor future analysis. Therefore,the only real-time
process would be teead apre-calculateccomplex signal,
add it to aconstant value, output this signal atcertain
frequencyrate, acquirethe perturbedsignal at thesame
frequency ratesubtract the constant valuandstore it in
memory. All other analysizould be done aftethis
sequence, in a non-retime mode by the supervisory
system software, EPICS.

Some of the input test signals will be tindemain
versions of singlefrequency tones at known system-
problem frequencies.Other possible input test signals
include chirp pulse-compression waveformsThis
methodology will also allow us tenodulatethe RF drive
with a swept frequency signal for frequency-domain
analysis of the RF system. In another test scenario, a
small amount of white noisean be injected. Such a
technique has bearsedwith success on the ELSAnac
at Bruyeres leChatel? The test signal was actually a
special kind of noise: constant in amplitude aaddom in
phase in thdérequencydomain. We anticipatbandwidth-
limiting the noise for better measuremeng)d more
realistic inputs.

Off-line processes include generatitig desiredinput
test signals and performing data analysis. One fegtarre
about EPICS is its ability tancorporate MATLAB
functions. MATLAB, a control systemdesign and
analysis software package, has a very useful function

be used to characterizthe RF System response and(ﬂOWﬂ as TFE. Thd&ransferFunction Estimatesimply

configure the RF system control parameters. ditirary
waveform functionality is provided by stimulus and
response waveform buffers ahe FCM. The stimulus
waveform bufferallows loop excitation witharbitrary
modulation signalsstored in memory and converted to

requires aset of system inputandoutputs,for which it
returns the system’dransfer function. The complex
frequencyresponse can then be plotted in the complex
plane with frequency as a parameter, or &ode diagram.
Once transferfunctions are calculated,they can be

analog signals in DACs operating at 10 MHz. Th&ompared tomodels for determining desirable operating
response waveform buffer captures the response of the PagFrameters
system to the stimulus. Various points along the signal

path in the FCMcan bemultiplexedandtheir data stored
for later analysis. The cavitfjeld feedbacksignal can be
examined to characterize armbnfigure the total RF
system. Ineffect, this can bethought of as éaseband
arbitrary waveform generatowith the ability to perform
baseband network analysis.

The first step to systeroharacterization is tget the
DSP outputs to a constant value such that nbemal

3 HARDWARE SPECIFICS

A photograph of the Field Control VXIbudodule is
shown in figure 2. The analog electronare along the
bottom of the module, while the digitdlardware is
located inthe upper two thirds. The analog circuitry
consists of twointermediate frequency 1/Q detectors,
basebandanalog PID control circuitry, analog switches
and multipliers for adjustmentsand the analog control
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output drivers. The digital circuitry consists qiadrature- LLRF tests we will perform is RF system
sampling ADCs,decimating digitafilters, the DSP, the characterization.
control output DACs, the DSP memory resources, and the

VXIbus interface. In addition, Th€CM contains the REFERENCES
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The EPICS interface to the stimulus/response 2337-2342.

functionality is accomplishedvith two sets ofread/write
registers that have beelesignated ashe Stimulus | (or
Q) Memory Registeandthe Response | (or Q) Memory
Register. These registepsovide access tthe First-In,
Last-Out (FILO) memory buffers fahe stimulus DACs
andresponseADCs. EachFILO memory is 256&words
in length, providing a time duration of approximately 26
ms at the 10 MHz DACand ADC rate. Inorder to
measure the response of thgstem, the FILOmemory
buffers are placed intheir record mode, thuscapturing
response waveforms from the control systerfhere are
two possibilities for the time-duration of the
stimulus/response signals.  The continuodsration
causeghe stimuluswaveforms to beyenerated repeatedly
and the response waveforms to loaptured repeatedly.
The single duration causesthe stimulus DACs and
response ADCs taenerateand capture data only once
until the waveform buffersare full.  After the response
waveform buffers aréull, the FILO memorybuffers stop
and the VXlbus host processor is notified.

4 CONCLUSION

Figure 2. Field Control VXlbus Module

The FCM is one of fivdundamental modules in the
APT LEDA LLRF control system. It not onlgerforms
analogand digital field control, but has soméeatures
built in to allow us to perform on-line RF system
characterization. This will be useful in determining
various operational parameters, as well as provideans
for conditioning cavities. We expect to integrate the first
LLRF control system with the rest of LEDA latéhnis
year. Oncecommissioning commences, one of the first
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