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Abstract orbit data from the same orbit calculating devices. This
The demand for beam orbit stability for frequencies u@pproach mcludes cost eﬁectlvengss (by using existing or

. : " it electronics) as well as modularity (modular system) and
to 1kHz resulted in the need for a fast orbit position da’teersatilit (broad range of communication options)
acquisition system at DELTA. The measurement frequency y 9 P '
was decided to be 10kHz which results in a good margin

for 1kHz corrections. It is based on a Xilinx University GENERAL LAYOUT

Program Virtex-Il Pro Development System in conjunc- pg| TAs orbit feedback is a classic control loop. The
tion with an inhouse developed Analog-Digital Converteiata is acquired, corrections are calculated and applied to
board, featuring two Analog Devices AD974 chips. An inthe heam by means of magnetic fields. Modern fast orbit
house developed software written in VHDL manages megaedpack systems [1, 3] are based on turn-by-turn (TBT)
surement and data pre-processing. A communication COfsam position data reduced to kHz bandwidth. Only a mi-
troller has been adopted from the Diamond Light SourCfor number of Deltas BPMs are TBT measurement capa-
[1] and is used as communication instance. The commyje  Therefore the idea to use the existing analog Bergoz
nication controller is versatile in its application. Thet@a px-BPMs in combination with TBT capable devices for
distribution between two or more of the developed measuy: fast orbit data acquisition system came up. To achieve
ing systems is possible. Thisincludes data distributidhwi the systems desired versatility and modular design a de-
other systems utilizing the communication controller.. e.Gcentralized solution was chosen. Initial design ideas were
the Libera beam diagnostic system adopted from the concept of the Libera Electron fast or-
To enhance its measuring capabilities one of the two Offsjt feedback at Diamond Light Source, England, includ-
board PowerPC cores is running a Linux kernel. A ker|~ng data interchange with any device running the under-

nel module, capable of receiving the measurement daiang communication structure, the Diamond Communica-
from the Field Programmable Gateway Array (FPGA}ion Controller (DiamondCC) [1].

measurement core, was implemented [2], allowing for ad-

vanced data processing and distribution options. The paper FectonBeam A
presents the design of the system, the used methods anc epv = Bergoz Electronic || j
successful results of the first beam measurements. BPM_J== Bergoz Blectronic | >Diamondcc Bus

BPM =¥ Bergoz Electronic |— ADC FPGA Board Diamond Light Source

BPM =¥ Bergoz Electronic |—
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Since DELTA faces the demand for improved beam orbit "
stability for supplying a higher brilliance synchrotromia . ) i :
ation, a suitable data acquisition system for fast orbitlfee Elgurlebl. Datg .acqwsmonbsystem (DAdQ? (;aygut(.j Addi-
back had to be found. Measurements regarding the eld{@nal bus participants can be connected if desired.
tron beam disturbances have shown a variety of sources [5]. . .
Slow orbit shifts have been observed, caused by therm |The. system follows the idea of a_classm control loop
drifts on a day to week scale. In addition ground motio seef f|gutr)e 1. TT(e elgctron be_lrflrr]n mdu_c_es afV(;Itagle on
and girder movement in the low frequency range of up the zur eam pllc IUD du;[)toni. B € posll\t/:g)(nB%l\; € eT(ac-
10Hz (DELTA girder resonance) have also been observetcﬁ(.)nI eam Is ca CL: ate hy t g. __erggzb i ADé.b Z
On the other hand much faster excitation is caused by 11209 position value Is then |g|t|ze y an ADL-boar
mains power frequency of 50Hz and its harmonics up t nd Fransferred to the FPGA being part of the Xilinx Uni-
300Hz. The existing analog position measurement systeYﬁrS'ty Program development board [6]. The FPGA takes

used for the slow orbit feedback at 0.1Hz may be operat er the task of pre-processing gnd then distributing. the
at a maximum orbit position data rate of 10kHz. To exploi ata amongst the feedback participants. These are typicall

this capability a most versatile adoption to this data had {/ther data pickup stations, correction calculation insés

be found and a data acquisition system had to be design‘@ﬁjdat":l logging devices. The DiamondCC is the communi-

and implemented without any interference with the existin%at'on instance used for this data distribution. It festuae

global slow orbit feedback system, which is supplied wit ynchronized, global position data exchange on a fast time
' asis, thereby avoiding the common bottleneck for orbit

Linstrumentation Technologies d.o.0., Solkan, Slovenia feedback applications. Adjustment to the possible maxi-




mum number of bus participants is accomplished througfiPGA. The conversion result, the digitized analog value,
the number of communication interfaces. The necessaigythen transferred from the ADC to the FPGA during the
correction is then calculated by each corrector station amgext conversion cycle. Special care has been taken on the
applied accordingly (see figure 1). FPGA side to synchronize the two AD974 chips and to de-
tect possible errors. Two ensure a high quality readout sig-

ORBIT POSITION GENERATION & DATA hal a special, additional timing block was created on the

FPGA.
READOUT The reason for this is the structure of the Bergoz MX-

The analog orbit position data at DELTA is generated bfPMs. Since four MX-BPMs are usually connected to
Bergoz MX-BPMs. These analog electronics use a multPne ADC-board, each multiplexer runs at a random clock
plexer to sample each of the four orbit position pickup butaround 8kHz. As soon as the external 40kHz clock is ap-
ton signals to make use of a single amplifier stage and &@hed, the multiplexers start to run synchronized, except f
additional sample/hold and position calculating circdjt[ the cycle of each individual multiplexer (from button one
Due to the input multiplexing technique used, the maxito button four), which is again random and indicated by
mum position data output rate is a quarter of the multiplexthe SYNC signal (see figure 2). This SYNC signal spoils
ing frequency. Without a possible external clock this frethe position readout. The workaround found is the appli-
quency is coasting with approximately 8kHz, resulting in &ation of the following procedure: Enabling of the external
2kHz position data rate. The maximum specified operatio¢lock, checking whether the sequence of SYNC signals is
range however is a 40kHz multiplexer frequency creating guitable and re-applying the clock if necessary, hoping for
10kHz position data rate. Measurements have shown tha€lrift during the non-clocking period.
the MX-BPMs indeed are able to run at 40kHz, the only
drawback being a fluctuation of the position signal at the Chosen time of readout

start of the multiplexing cycle. Fortunately the start dbth _|—|_|—|_|—|_|—Lm—|_|—|_|—|_|—|_
40kHz external clock | | | |

cycle is indicated by a trigger, thus making a workaround 3
Input channel BPM 1 | i 1 213 4’ \ 112413 4
‘ i :

to this problem by clever timing possible (see figure 2). :
These demands resulted in the development of the data  SYNCsignalBPM 1 _J_|
readout board. The core component is the Digital Analog X/Y BPM 1 L~
Converter, in our case the AD974 by Analog Devices was
chosen, having a 16Bit, 200kHz data conversion rate in the

SYNCsignaiPM2 | i [ ] \I_I

required voltage range. Additionally it features four mul- XY BPM 2 ‘
tiplexed inputs. It was decided to use one AD974 chip for

H H H 40kHz clock J_l—
the horizontal plane and one AD974 chip for the vertical
plane. By using the multiplexing feature four Bergoz MX- Readout clock <200'<sz
BPMs can be read out with one ADC-Board. The data rate xvourz P~ |

is split into a four times 50kHz signal rate, resulting in an

five times oversampling of each Bergoz MX-BPM pOSitionFigure 2: Signal sequence of two BPMs. The SYNC signal,

signal. To enhance the s_ignal quality and to fiI_ter higheéilways at position 1 of the Bergoz MX-BPMs multiplexer
frequency artefacts an optional 10kHz lowpass-filter fer th jisorts the output signal. The time of readout has been

input signal was integrated into the board. Apart from th%\dopted to the least distorted region of the signal.
data conversion part the ADC-board integrates the signal

connectors for the additional control signals provided by
the Bergoz MX-BPMs, e.g. the multiplexer sequence start Once a suitable sequence is found, the readout sequence
signal (SYNC). Two additional triggers and two additionalS adjusted accordingly. The system is designed fault tol-
clock inputs are also installed for future use. As the confrant, thereby the number of Bergoz MX-BPMs is com-
munication of the FPGA-board requires special clockingpletely variable from one to four including hot-plugging.
the quartz and suitable connectors are also installed on the
printed circuit board.
DATA PRE-PROCESSING
ADC CONTROLLING & READOUT
TIMING In the ideal case one complete readout sequence takes
10Qus, resulting in four (one from each MX-BPM) times

The readout of the two ADCs is accomplished directlyfive (readouts of one position) by two (horizontal and ver-
from the FPGA on the FPGA-board. The AD974 featuretical plane) datasets. At present only a very limited pre-
different readout modes, set by configuration signals. Iprocessing of this data is undertaken. The last of each of
our case the fastest possible mode has been chosen. Duthtfive position values is discarded and the other four are
internal design this is also the mode ensuring highest coaveraged for higher precision. These four by two datasets
version precision [7]. The conversion is initiated by theare then passed on to the communication instance.



DIAMOND COMMUNICATION CONCLUSION

CONTROLLER The data acquisition system has proven its functional-

Developed for the fast orbit feedback system at the Dity in test measurements with beam (see figure 4) showing
amond Light Source, the DiamondCC has been designég broad capabilities as DAQ for a global fast orbit feed-
for fast global data exchange. The communication is bas®@ck. In a first step a local fast orbit feedback, using this
on point to point two way connections, eliminating datdast communication structure, has been implemented suc-
collision problems. It is synchronized, clocked and deteicessfully by P. Towalski [5]. In addition calculations have
ministic. A trigger network connects all communicationshown a precision increase in the order of one magnitude
participants for synchronization. Once synchronized, theoncerning the slow orbit feedback position data.
communication is split into 10kHz frames, each frame is
completed when all position data is globally exchanged. It
is a distributed communication protocol without a central £
server. The communication structure can be user-specified.

Specific demands like fault-tolerance, lower delay or a § 1 1 1 1

varying number of communication participants can easily ® ey

be implemented [1]. )

The DiamondCC was integrated onto the FPGA after adop-

tion to the specific needs of this application. The Di-

amondCC was designed for I-Tech Libera Electron [8],

therefore its data retrieval is adjusted to the Libera data X

chain. This data chain has been adopted to our ADC-Board. “= = @ & o = we s o w w wm e

The most prominent alteration is the existence of four po-

sition values instead of one. Figure 4: Horizontal beam position versus time (top), spec-

tral rms orbit deviation versus frequency (bottom left) and

EXTERNAL CONNECTION integrated power density spectrum (bottom right).

Instead of using the slow and the fast orbit data acqui-
sition in parallel, a single fast data source with a reduced
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SOFTWARE DESIGN

The software has been designed and implemented in REFERENCES
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Modulg, IS Solemr.ﬂ){ forthe control of the AD974 chipsan 33 N. Hubert, “The SOLEIL bpm and orbit feedback systems”,
reception of the digitized data. The data is passed on to t Proceedings of DIPAC 2007, Venice, Italy.
data processing unit and then on to the DiamondCC. The . T _ ,
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ing all global configuration informations and settings. ual’, Bergoz Instrumentation,Rev. 1.5.4.
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Figure 3: DAQ software layout.



