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ABSTRACT

A digital feedback system used to monitor and control ahigh energy electron beam’ sorbit and stability inaVUV
and X-ray storagering will redize a 10 fold increase in the feedback system responsetime using packetized (IRIG
107-98) telemetry. Theimprovement in feedback timewill provide asignificant improvement in theleve of orbit
stability.

This paper discusses the advantages of using a packetizing standard and high speed data acquisition as a cost
effective way to support the scientific community in their real time processing needs.
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INTRODUCTION

The Nationa Synchrotron Light Source (NSLS) building at Brookhaven Nationa Labs containstwo storage rings
that produce synchrotron light, the Vacuum Ultra-Violet (VUV) ring and the X-ray ring. This paper will discuss
the X-ray ring.

A synchrotronisamachinethat guides astream of charged particles such aseectronsin an orbit. Aneectrongun
shootsgroupsof electronsinto alargecircular tube called astoragering, while powerful magnetshel p control the
gability of theorbit. Whilein orbit, thee ectronsgiveoff energy invariousformsof light, including visblelight, X-
rays, ultraviolet, andinfrared. Thislightiscurrently used for researchin many fieldsof scienceincluding chemistry,
physics, metallurgy, and biology.

A feedback system is put in place to provide the ability to monitor and correct the orbit of the electrons by
controlling the electro-magnets.



CURRENT ANALOG FEEDBACK SYSTEM

Beam Position Monitors (BPMs) are avery important part of the feedback system. Each BPM consists of four
button Pick-Up Electrodes (PUE) embedded into the vacuum chamber around the circumference of the electron
doragering. AnNSLS developed receiver processes the PUE button signals sequentialy by timesharingasingle
amplifier and detector. Thesignasare switched to theamplifier by meansof asinglepole, four position, gallium
arsenide commutating switch. Theinformation from the BPMsis collected and transferred, in analog form, to
multiple 12 bit andlog to digital convertersat themain VME control pandl. Here, thesignals must befiltered, AM
detected, de-multiplexed and sampled by Track and Hold Amplifiers (THA) at arate of 550 samples per second.
All BPMsmust be sampled at the same time so that accurate cal culations may be made by the X-trim processor.
Oncethisinformation is processed, Simultaneous corrections to the position of the trim magnets are made by
updating their voltage settings.

The exigting ana og feedback system has aquantity of only 16 Beam Position Monitors (BPMs) in the X-ray ring.
Since studies have shown asignificant reductionin orbit fluctuations at thelocations of the BPMs, isdesirableto
include as many BPMs as possible.

The X-ray ring, the larger of the two rings, is 170 metersin diameter. The current analog system uses alarge
number of analog transmission lines, some of which are severa hundred feet in length, in a high radiation
environment. The result of thisisinduced noise that limits the accuracy of the signal to 10 usable bits.

PROPOSED APPLICATION CONCEPT

There are many reasonsfor consdering adigital feedback system. Increasing the number of BPM swould make
the current analog system too complex. Additional BPM s can easily be added to adigital system. By digitizing
the BPM output at the sourcewith a 16 bit analog to digital converter, the signd will be less susceptibleto induced
noise, whichwill result inan improved beam position resolution of up to 14 usable bits. By using ahigh speed clock
rate for the datatransmission and acquisition, the bandwidth of the digital system will exceed that of the analog
system.

Sincethe existing analog system has the sampletiming set at the VME control rack, one obstacleto overcomeis
sending the sample timing to each A/D converter around the storagering in the proposed distributed acquisition
system. If acontinuousstream of PCM datais sent from the A/D converters, additiona cableswould be needed
to send the sampletiming, which would result in an excessive quantity of transmission lines. Through the use of
packetized telemetry, the sample timing can be sent to the A/D converter which can then respond with aburst of
packetized datausing thesametransmissionline. Thishalf duplex configurationwould reducetheamount of cables
needed in the digital feedback system.



USE OF STANDARDS

Packetized tlemetry, as defined by the IRIG standard 107-98, alows multiple application processesto create units
of data, called packets, that best suitseach source. These packets may contain fixed or variablelengths of data
recorded at fixed or variableintervals. By using thisstandard, the source data.can be multiplexed and transmitted
viahigh speed burgts. Dataquality can be monitored by the VME control panel by observing the packet ID and
packet sequence control provided in the source packet primary header. Figure A showsthe source packet format:
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Figure A

PROPOSED DIGITAL SYSTEM DESIGN

The need for additional BPMsis addressed by including atotal of 48 pick-up electrodes. Each BPM hasfour
signasfrom the PUE totaing 192 channels. Each signal will be digitized at the source by alow cost 16 bit A/D
converter. Thefour sgnasat each PUE will then be easily multiplexed and packetized using asingleinexpensive
FPGA that only needsaserial prom and alow cost crystal oscillator to support it. The packetswill contain a6
byte header with 8 bytes of data, which includes four 16 bit words, one 16 bit word for each signal from a PUE.
The A/D converter, multiplexer, and packetizer will be mounted at the location of the BPM inasmall, shielded
container to protect from noise caused by radiation. The high speed bursts of datawill be sent to the VME control
panel from each BPM by usngasinglelinedriver. TheBPM anaog signalswill be A/D converted, multiplexed
and packetized in 2.8 micro-seconds and de-multiplexed in 2 micro-seconds. The overal clock rate for
transmission is40 MHz. Thisenablesall of the data to be collected in 5.6 micro-seconds.

AttheVVME control rack, aquantity of sx VME de-multiplexer boards, with eight channelseach, will useavery
simple 8 channel x 4 measurement per BPM register filefor VME read out. These boardswill also be used to
transmit the sample clock to the source. The sample clock isgenerated by the Apogee VME-CTI board, which
generatesthe desired ratefrom IRIG-B time code, at aminimum rate of 4 kHz. After datacollection, 235 micro-
secondsis|eft for the X-trim micro to process the information and adjust the trim magnets, which is more than
enough time for the existing processor and magnet trim control.



Figure B shows a block diagram of the proposed feedback system:
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CONCLUSION

Insummary, using packetized telemetry in a high speed data acquisition application has many advantages. An
inexpengvedigita feedback system can increase the number of BPMswhile alsoincreasing theresponsetime and
the bandwidth of the syssem. By digitizing at the source and increasing therate of transmission, the sampletiming
was ableto beincreased to aminimum of 4 kHz. Thisisa 7.3 fold increasein response time, which isnow limited
by the application software. Even with the current software, it may be possible to increase the samplerate up to
6 kHz or even 8 kHz. The hardware hasthe ability to support amaximum sample timing rate of 66,000 samples
per second.
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