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STATUS OF LONGITUDINAL FEEDBACK SYSTEM
FOR THE PLS STORAGE RING*

Yujong Kim, J. Y. Huang, M. Kwon, I. S. Kig PAL, POSTECH, Pohang 790-784, Korea

Abstract the CBMIs, the feedback system can be classified into two

Originally, the Pohang Light Source (PLS) storage ring walémdS; the time domain system and the frequency domain

designed to store the beam current up to 400 mA. But 0V\%ystem. The dangerous transverse or longitudinal HOMs of

ing to the interactions between the HOMs of RF CaVitieaccelera’ung RF cavities can be cured by the time domgln,
gunch-by-bunch feedback system. The dangerous longitu-

and bunched beams which make the coupled bunch moge . I
. - : ihal fundamental mode of accelerating RF cavities and the
instabilities (CBMIs) such as dipole, quadrupole, and sex;

tupole modes, the beam current can be stored up to 2gﬁmgerous transverse resistive wall impedance due to the

mA. So, to cure those CBMIs, a longitudinal feedback sys—eam pipe can be cured .by the freq.uency domain feedback
. . . . system. In case of the time domain feedback system, no
tem (LFS) using parallel digital signal processors is neces- ; i
. . . re-knowledge of the dangerous coupled modes is required
sary. After having considered the developing cost and tV\E/Ehile the pre-knowledge is required for the frequency do
period, it was decided to install the LFS with electronics b 9 q 9 y

) ) . ; ain feedback system. The LFS which have been devel-
fabricated by SLAC and a pickup and a kicker des'gneg]ped by the collaboration of SLAC, LBL, LNF laboratories

by the PLS. At present, one aluminum kicker with 4 in- : . ;

. : iga time domain, bunch-by-bunch feedback system which
put/output ports and a nose cone is fabricated for the PL h le diaital sianal .

longitudinal feedback system. With this LFS, itis possible\éSeSt e programmable digital signal processing processors

to find the best operating condition for the temperature DSPs). The typical LFS consists of a phase error pickup,

of RF cavities and various fill patterns. The programmablg,

LFS is useful for various beam diagnostics as well as for tqsetorage ring, one pickup which have already been installed

cure of the CBMIs. Thus, itis also possible to measure th(g.)r beam diagnostic purpose will be used as the phase error

growth and damping rates of the instabilities, the HOM frepICkUp’ and one cavity which have been fabricated by the

guencies of RF cavities which generate the CBMls, bunck'?-.LS and domestic manufacturer will be used as the LFS

kicker. After having considered the developing cost and
by-bunch current, bunch-by-bunch synchronous phase, angriod, it is decided that the digital signal processing unit

L : . p
the Ion.g|tud|nal aI!ased impedances seen by the beamisa'efpurchased from SLAC [1].
revolution harmonics.

igital signal processing units, and a kicker. For the PLS

1 INTRODUCTION 2 LFSFOR THE PLS

To store the beam current up to 400 mA at 2.0 GeV an he digital signal processing unit for the PLS LFS as
250 mA at 2.5 GeV, the fourth RF cavity with 60 Ky Shown in Fig. 1 consists of a system oscillator and a DSP
CW klystron amplifier was added in the PLS storage rin rm with a VXI and two VME crates. A VXI controller, a

in 1996. But owing to HOMs of RF cavities that make ming module, a front end module, a down sampler mod-
the CBMIs, the stored beam current of the PLS stora le, a h.OId buffer madule, and a back end mgdule are
fing is about 120 MA at 2.0 GeV. By analyzing the re- oused in a VXI crate, and a VME controller, five DSP

verse signal of RF cavities and the sidebands of the BPI@Pard modules, an interface module are housed in a VME

spectrum, it is found that the most dangerous HOMs quates.

RF cavities are longitudinal Th4; (758 MHz) and TM3 ]
(1707 MHz). To shift the frequencies of two dangeroug.1 Phase Error Detection
HOMs, the cooling water temperature control system fO{_

" . X The longitudinal phase error detection is performed by a re-
the RF cavities was installed during 1997 Summer Malerved BPM. The signals from the BPM are combined and
tenance period. With the temperature control system, tl?

tored b ¢ . qf 120 MA 10 2 en fed into the stripline comb generator where a coherent
S (,Z\reTh' cam curiﬁnt V\llfcsj increase H(r)c,J\;ln fh mRFo q ne burst from the BPM signals is generated by a periodic
MA. This means that afl dangerous s orthe CaVhicrowave coupler circuit at six harmonic of RF frequency
ties can not be damped or avoided by the cooling syste

) : 000 MHz). The phase error detection is performed by
Therefore, an active feedback system for curing the C he double balanced mixer (DBM) where the signal from

LVHS IS r;eLclfsssary for thte PLS sltoragT rlntg. Therﬁ VarIII?ELi@e comb generator is compared with 3000 MBx(frF)
Ypes o running at severar accelerators such as ignal from the master oscillator phased locked to the ring.

Il (SLAC), ALS (LBL), DA(I)NE (LNF), KEKB (KEK), It is possible to obtain a phase processing rangeld® at
etc. In terms of the origin of impedance that generatetﬁefRF with a resolution better thah5° by choosing the

*Work supported by POSCO and MOST, Korea. 6 X frr as an operating frequency. A low pass filter is used
T Email : isko@postech.ac.kr to reduce the noise of DBM output.
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) @: 2.3 DSP Farm and FIR Algorithms

P The DSP farm for the PLS LFS consists of two VME crates
ﬁﬁa (three VME backplanes) and one VXI crate. The VME
crates are fitted with VSB backplanes. The VME buses
are used as the data buses while the VSB buses are used
as the control paths. One VME crate has two VME back-
planes where one Motorola MVME166 control processor
and five DSP boards are housed. Each DSP board contains
QPSK Modulator four 80 MHz AT&T 1610 DSPs. Each DSP chip has a 16
kB dual port memory (DPM) that can be accessible by the
: : DSP and MVME166 control processor. The VXI crate hav-
ey R Froancy ing good electromagnetic shielding properties contains a
National Instruments VXIcpu-030 control processor. After
the longitudinal phase errors are detected and down sam-
pled, the feedback correction output can be calculated by
sixty DSPs in parallel which are housed at the fifteen DSP
boards 4 x 15 = 60) in three VME backplanes. To cal-
culate the correction output, the DSPs useXrt&aps finite
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Power AMP

To Down Sampler
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sInpo Buii g

LP Filter

VME CRATE |

Figure 1: Block diagram of LFS for the PLS

Table 1: Parameters for the PLS LFS

Parameters value impulse response (FIR) algorithm which is given b

RF frequency/nr 500.082 MHz P P 9 given by
Revolution frequency, 1.06855 MHz No1

Synchrotron frequency, 11.72 kHz y(t,) = Z h(k) - d(tn_p) (1)
Ratio of f,/ fs 90 i

Tap No of FIR algorithmv >6 hk) = 2Gs . (7. sin(2n[k/N] + ¢) )
Down sampling factod <15

Bunch spacing for full filling 2ns wherey(t,) is the present correction output of the FIR

filter, h(k) is the programmable coefficient of the filter,
o(tn—r) is the phase error of previous turn as an input of
2.2 Down Sampling the filter, G, is the post multiply-accumulate shift gain of
the filter, andG andy are the gain and the phase of filter
The detected phase error signals are digitized by an eiglthich can be used to choose the coefficient of FIR filter
bit ADC converter at the bunch crossing rate (2 ns for fullyyn EPICS operator interfaces = 0 means that feedback
filled buckets). To perform the longitudinal feedback, coris off. In case of tap numbeN = 6, six sampled phase
rection outputs must be calculated for every bunches argrors ¢(t,) ~ ¢(t,_s)) in one synchrotron period will
every turns in parallel, which means that a large number ¢fe used to calculate a correction outp(t,). Therefore,
DSPs will be needed. From the fact that the revolution fredSPs will calculate one kicking output per every fifteen
quencyf, of the PLS storage ring is ninety times greateturns for a bunch. For 468 bunches, this calculation is per-
than the synchrotron frequengy as summarized in Table formed by sixty DSPs in parallel according to lookup tables
1, the calculating process can apply the Nyquist samplingf the down sampler module.
theorem which states that it is possible to recover a sig-
nal from its samples if the S|gnall is band—]lmlted and th92.4 Hold Buffer
samples are taken at least at twice the highest frequency
existing in the signal. Especially, in case of the sinusoithe calculated correction outputs are sent to hold buffer
signal, it is possible to recover its amplitude and phase hyith gigabit serial links. The hold buffer is a memory
taking only four samples per period. But, since the phasghere the most recent kicking values are stored. Because
error oscillation (synchrotron oscillation) is not a perfecbf the down sampling, the most recent kicking values must
sinusoidal signal, six is selected as the number of takinge used to kick each bunch until a new kicking output is
samples per one synchrotron period for safety. In case oficulated by the DSPs. The output of the hold buffer
the PLS storage ring, taking six samples during one syntrives a fast DAC converting at bunch crossing frequency
chrotron period means that only the phase error values ahd generates an analog signal which will be gone through
every fifteenth turns will be used to calculate the correctiothe QPSK modulator, then be sent to the power amplifier.
output and the others (the phase error values from the first
to the fourtgenth turns.) will be rejected in calcu!atmg th 5 QPSK Modulator
output. This process is called the down sampling whose
the down sampling factaf is 90/6 =15. With this down The central frequency of the LFS kicker can be given by
sampling, the correction output can be calculated by sixty
DSPs in parallel. fe=@+1/4) - frr 3)
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Mag E

or
fe=m@+3/4) frr 4) Ii

e
4.8518e+02
2.4259¢+02
2.1090e-11

wherep is any integer. Whep = 2, frr = 500 MHz,

and fully filled buckets, the central frequengy is given

as 1125 MHz or 1375 MHzf, =1125 MHz (1375 MHz)
means that the electromagnetic fields in the LFS kicker is
changed 2.25 (2.75) times faster than the bunch crossing
frequency (500 MHz). Therefore, to synchronize the elec-
tromagnetic fields in the LFS kicker with the bunch cross-
ing, a phase shift must be needed at the bunch crossing
frequency. For th¢, =1125 MHz (1375 MHz) -7 /2 (+ i

m/2) phase shift of the carrier oscillator will be needed to

synchronize the kicking timing against the turning bunches. Figure 2: The distribution of E field in the LFS kicker
This process is called the quad phase shift key (QPSK)

which enhances the kicking efficiency of the LFS kicker. it ‘

The QPSKed signal is modulated in amplitude by the outg'8 Data Acquisition with LFS

put signal of the hold buffer. The feedback data is recorded in the dual port memory.
With a code (gdpost), MATLAB compatible data file
2.6 Power Amplifier and LFS Kicker (gd.mat) can be obtained. With the MATLAB programmed

codes, itis possible to obtain useful information such as the
The selected power amplifier for the LFS kicker is a soliggrowth and damping rates of the instabilities, the HOM fre-
state type model AS0820-250R from MILMEGA. Its op-quencies of RF cavities which generate the CBMIs, bunch-
eration frequency range is 800 MHz2000 MHz and the  by-bunch current, bunch-by-bunch synchronous phase, and
maximum output is 250 W. Its frequency response is tunafle longitudinal aliased impedances seen by the beam at
to operate two frequency ranges (fer= 2, 1000 MHz  revolution harmonics.
~ 1250 MHz and forp = 3, 1500 MHz~ 1750 MHz)
with its best performance. This wide bandwidth and the 3 CURRENT STATUS
frequency response tuning of the power amplifier make the
upgrade of the LFS kicker easily. One aluminum singleThe pickup for the phase error detection has been installed
ridged waveguide-overloaded cavity has been fabricatédd the power amplifier, the circulators, and all cables for
and tested to use it as a longitudinal bunch-by-bunch LFte PLS LFS are ready. The LFS kicker has been fabricated
kicker for the PLS storage ring. It has 4 input/output port&nd measured its properties. The kicker will be installed to
to obtain wide bandwidthX 250 MHz) and a nose cone the PLS storage ring in April 1999. If the electronics of
is attached to increase the shunt impedance. Its measuiee LFS is completed and delivered from SLAC, it will be
bandwidth is about 344.4 MHz and its the maximum valu@ossible for PLS to find the best operating condition for
of the shunt impedance is about 470 The phase error the temperatures of RF cavities and various fill patterns as
oscillation having phase deviation less than 10 mrad casmell as damping the dangerous HOMs generating CBMIs.
be damped within 1 ms by this kicker without any ampli-Also, the much narrower and higher intensity spectrum of
fier saturation. By attaching the single ridge to a gener&l7 undulator can be obtained.
waveguide and then adjusting the geometry, the frequen-
cies of all dangerous HOMs can be increased higher than 4 ACKNOWLEDGMENTS
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