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Abstract. The ICRF system at ASDEX Upgrade has proved todng flexible in use, from high power heating down t
moderate or low power levels needed for vessel itonthg. As a consequence of these wide variatfeapplications
the present capabilities of the data acquisitisiesy became a limiting factor, as the CAMAC systeamld only record
up to about 500 ksamples per channel with 12 biltgion. The upgrade to the SIO (serial I/O datquisition) system
allows a constant sampling time of 5 ps duringwiwle plasma discharge with an increased resolufdl6 bit. The
SIO system was already used in the last campaiSBEX Upgrade with 96 channels and will be furteepanded. At
low power ICRF experiments the output voltage &flthear rf-detectors was rather low, which ledatge measurement
errors. As a consequence of this the linear deteetere replaced by logarithmic detectors, expantlie dynamic range
from 30 db to 60 dB. Each of the new rf-detectas two rf inputs and allows to measure the phdsereince between
the inputs.
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INTRODUCTION

The ICRF system at the ASDEX Upgrade tokamak isgaration since 1992. The system consists of fbur r
generators, a complex transmission and matchintpsysnd four ICRF-antennas in the vessel. A maxinnfsm
power of 7.2 MW was achived; up to 5.5 MW is applier experiments regularly [1].

In order to save time and money the ICRF's CAMA&adacquisitions system of the ASDEX tokamak was
reused in the startup phase in the early 19904t Became necessary to replace the CAMAC systemE&MDDAC
group of ASDEX Upgrade started to implement the $B@erial 1/0) data acquisition system in 2009. Thi&Q
(data acquisition) system uses the PClexpressplireal Component Interconnect express) interfaca st
computer. Further requests were to replace linfedetectors with logarithmic rf-detectors to incseahe dynamic
range of measurements. The new designed rf-detedsor allows a phase measurement between two sjgnal
allowing a better characterization of the antennas.

LIMITATIONSOF THE CAMAC DATA ACQUISITION

During 20 years of operation the CAMAC DAQ systeroved to be a reliable system that can handlegelar
number of channels. Before we began to outsourde pathe CAMAC system to other DAQ systems, thesked
in about 250 channels distributed in five CAMAC teafilling up two 19-inch racks. As the CAMAC sthard
(EUR 4100) was originally defined in 1972 by ESORBmMmittee and ESONE was hibernated in 2001 [2], it
became clear that the CAMAC system has reacheeérilleof its lifetime. Also using the CAMAC DAQ showve
increasingly limits, e.g. a time resolution of o2 ps during long plasma discharges, caused bgttnage depth
of the system, resulted in a coarse coverage ¢fplasma induced changes like ELMs (edge localizextie).
During experiments with low power, like wall coriditing [3], the input voltage range of +/- 5 V wighresolution
of 12 bit (approx. 2.44 mV per digit) was limitings well as the dynamic range of the used rf-deteathich was
about 30 dB.

OUTSOURCING GENERATOR SIGNALSFROM CAMAC

A large block of the ICRF DAQ are the signals frdme four rf-generators. These signals were samplatiow
an analysis of generator shut offs during plasmatssiand as an information source of the generakrgeor



conditions e.g. indicating the need to retunedreeggor to achieve maximum output power. Up to Aénoels per
generator were used, which was about ¥ of the CAMM®) channels. All these generator related sighalge
been moved to a 96 channel National Instrument¥ieath DAQ system, which also works as a stand akystem,
e.g. for maintenance, service or tuning operatafrgenerators. With an input voltage range of €©-Vithe ADCs
are perfectly covering the 0 — 10 V signal levetlw# rf-generators. The signals recorded are: gettaand currents
of the anode power supplies of the tetrodes, cbaimd screen grid currents, forward and reflectediqr at the
driver and final stage. The plate dissipation @&f ttrodes is calculated using the DC power inpuameters of the
stages where the netto output power (forward -ecedd) is subtracted.

SIO (SERIAL INPUT/OUTPUT) DATA AQUISITION

The SIO DAQ concept (Fig. 1) was developed to mte\a simple and versatile method for connectingrext
measuring systems to computers via standard opiiged. Currently the connection to the host cornepus
maintained by a PClexpress card, called SIO cahichwprovides four bidirectional optical HOTLink dlata ports
and an optical central timer clock port. Each HQWKII data port can communicate with a Pipe integfaosted in
a 3U (133 mm) high 19-inch subrack, equipped withaative back plane bus allowing the installatiérup to 20
ADC cards per subrack. Each ADC card has eithar2ioputs, allowing to access up to 320 ADC ch#snéth a
single SIO card when all four optical links are diseor the ICRF data acquisition system a new ficebADC
card with 16 bit resolution was developed, the damgpate of each channel is 200 kHz. A SPI (Seratipheral
Interface) bus on the ADC card is used to set thglification of the input signal, turning on and ah anti-aliasing
filter and allows offset compensation by addingpfiage via a digital/analog converter. All thestisgs are part of
the shot file header, which contains the settirgstiie DAQ system for the current shot. A 1-wires tallows
reading each ADC card configuration. The opticak Ibetween SIO card and the Pipe interface provigéganic
isolation. The starting time of the data acquisitis set by time mark which the host computer rexzifrom the
central DAQ computer of ASDEX Upgrade. This timerknag written to the SIO card and is compared witl
central timer clock input. When both time marks ageal, the data acquisition starts: the SIO cerdls a given
number of sample requests to the Pipe interface.eBoh sample request to the Pipe interface a sta@p is
recorded, after finishing a requested data aciuisthe data from each ADCs is serially shiftedroael6 bit wide
active back plane bus to a CPLD (complex programensdigic device) in the Pipe interface which doks t
parallel/serial conversion and transmits the da&aavHOTLInK Il interface to the SIO card. The Stérd transfers
the received data with DMA (direct memory accesasthie RAM of the host computer. The maximum transie
of each HOTLIink Il interface is 500 Mbit/s. Theacatly, a fully equipped 19-inch subrack with 80-4i6 ADCs
allows a maximum sample frequency of about 300 gklizcannel. To shift this limit the SIO Il DAQ sgst was
developed using optical data ports that can trangfeéo 2.5 Gbit/s [4].
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FIGURE 1. Overview of the serial I/O (SIO) data acquisitidie host computer equipped with a PClexpress adertard,
called SIO card that connects via light fibershte Pipe interface which controls the ADC cards nteditin the 19-inch subrack.
Data acquisition is initiated when the timer markdzicasted from the central timer matches the timagk set via the shot file
header and starts to record the programmed nunfilsanples.

REPLACING LINEAR RF-DETECTORSWITH LOGARITHMIC RF-DETECTORS

ASDEX Upgrade ICRF system uses four high powererfegators with a maximum output power of 2 MW
each. The generators have basically two operatiathesy a pulsed (max. 10 s) high power mode witbveep range
from 50 kW up to 2 MW and a c.w. mode with outpotver ranging from 1 to 60 kW, giving a ratio of Q@ in
possible power setting. This high ratio of 33 dBi@& easy to cope using linear detectors, at thveplower settings
the measurement have been inaccurate, limitedngatity and offset changes of the rf-detector andhe 12 bit



resolution of the ADC. For high power operation wmter of rf-detectors had to be equipped with aaiut

attenuators to prevent saturation. The new devdlopdetectors (Fig. 2) uses a logarithmic detet®f5] with a

dynamic range better than 60 dB whereas the lidegector had a range of about 30 dB. This detéCtdeatures a
true RMS (root mean square) power measurementathgiba peak voltage measurement in the lineaetéalor.
Measuring power can reduce errors significantly, ahen two antennas operating at different fregigsnshow
cross coupling. Measuring the phase is done bygusie input signals splitted with a 0° and a 90Weosplitter.
This allows measuring 0 - 360° phase shift betwiensignals even if the phase detector IC [6] fitsah only
distinguish 180°. Furthermore the maximum inputldvas been raised from 18 to 23 dBm, which doaseaiahe
necessity of using additional attenuator prevensaturation of the rf-detectors. With an averagspelof 50
mV/dB, the logarithmic rf-detector increased theasweement resolution significantly at low powerthpA change
of one dB at the input of the logarithmic rf-det@atesults in approximately 160 digits at the 16ADC of the SIO
system with in range from -40 to 23 dBm. To reduk tesolution with the 12-bit CAMAC system and theear

detector an input level of 17 dBm was needed, whiak close to maximum input level it could handlee phase
measurement capability of the rf-detector is alsingp used in laser interferometry at ASDEX Upgrddg
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FIGURE 2. The left part shows the simplified schematic lvé tf-detector. A 10 dB attenuator at the inputréases the
maximum input level before the logarithmic detecsaturate and maintains a better VSWR. The 10 Midh pass filter
suppresses noise picked up by the ICRF measuresystegm in the tokamak hall, the following low pdier suppresses
harmonics of the ICRF frequency. The right grapbvsh the characteristic of the two phase detectéunation of phase
difference of the two input signals. Within a rangfeabout 250 to 1600 mV output voltage the sigraaks linear, allowing
precise phase measurements with a resolution afdres of a degree.
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FIGURE 3. The left graph shows the characteristic of the fitigiic rf-detector as function of the input powdising a linear
equation to approximate the behavior of the detemter an input range from -40 to 23 dBm resultedhie right plot showing
the deviation from this approximation. To reduce #iror even further each detector was calibratetitbe data was put in a
XML file to be accessible for data evaluation.

DATA INTERPRETATION

The major drawback of logarithmic detectors is thatoutput voltage needs a quite complicated phaeeto be
calculated into physical units. Over an range 6ft@l23 dBm the input power can be linearly appraated within



an error of +/- 0.25 dB (Fig. 3), which is suffiotefor a number of applications. For a more prediséa
interpretation each log-rf-detector was calibratecdbne dB steps using a DDS (Direct Digital Synikesignal
generator as classic rf-signal generators showsigraficant amount of error in the output level.eTbalibration
data was used to create a XML (Extensible Markupguage) file that contains this information forther
processing of raw data, like creating Level 1 dfiles where the measured voltages are convertedpghysical
values.

OUTLOOK AND CONCLUSIONS

After a few months of operations the SIO DAQ hasady shown its capabilities, and the number ohobkbs
will be increased from 96 to over 200 by the en@@f3. The increased resolution of 0.31 mV/digitéad of 2.44
mV/digit is not only of theoretical interest (Fi4), e.g. the scaling of the phase detector is @fAlynV/degree and
the phase changes between voltage and currentspdoibi@g a discharge in range of a few degrees.t®tige much
higher data throughput, of the SIO DAQ the ICRFtshes are earlier accessible to the ASDEX Upgradd ICRF
session leaders, giving more time for decisionsiibettings for the next shot. The capability & trew rf-detector
to measure the phase between two signals is sargetvtiich is e.g. essential for characterizing nexemanas or
matching systems in plasma operation.
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FIGURE 4. Two traces of the same phase signal during ASDpyrade shot #29828 (standard H-Mode). The uppee thas
recorded using the CAMAC DAQ with +/- 5 V input gmand 12 bit resolution, the lower trace was @edrusing the SIO
DAQ with +/- 10 V input range and16 bit resolutiand is shifted downward by 20 mV to separate thees in the plot. It is
clearly visible that the signal of the SIO DAQ fshigher quality.
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