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Abstract with four processors on each VME packaged DSP module. A
system configuration for a particular accelerator requires 3 to
20 of the DSP modules, depending on the machine synchrotron

. i . frequency, revolution frequency and number of bunches. Each
gram. Th's system |s_based on afam|ly Of.VME and VX paCsampling interval the Downsampler module sends bunch data
aged S|gn_al_ processing functions which implement a gen&, o particular DSP board (based on the downsampler program)
purpose digital feedback controller for accelerators with bunand the DSP board sends computed results to the Hold buffer
spacings of 2 ns. A complete PEP-II prototype system has. bmodule. Figure 1 is a photograph of the system configured for
configured and installed for use at the LBL Advanced I"gtesting at the ALS, which uses 10 DSP modules total. The sys-
Source. The system configuration used for tests at the AL

q ‘ned and it ted showina th i ftem is configured and downloaded via a set of control pro-
escribed and results are presented showing the action o grams which specify the operating configuration of the system
feedback system. Open and closed loop results showing

. . . and generate coefficients for the DSP algorithms. An EPICS
detgctlon and calculation of feedback. signals from bunbased user interface allows a single control interface from a
motion are preseqt_e_d aqd the system is shown to damp ‘master workstation, which communicates with several com-
pled-bunch |n§tab|llt|(_as n th.e ALS. Use- of the system f‘mercial VXI/VME processor modules which act to control the
accelerator diagnostics is illustrated via measurement

. ) ) ~~ VME and VXl b t 3].
grow-damp transients which quantify growth rates witho an us systems [3]

) . . . The analog and microwave components of the system are
Egggng’ damping rates with feedback, and identify Unstae same as implemented for the Longitudinal Quick Proto-

type. The processing bandwidth of the system can be seen in
1. PEP-II Longitudinal Prototype figure 2, which shows an oscilloscope record of the baseband
correction signal (updated at the 500 MHz bunch crossing rate)

The PEP-Il longitudinal prototype is a modulagng the resulting kicker drive signal. The risetime of the base-
bunch-by-bunch processing system designed to implempang signal is seen to be 320 ps.

longitudinal feedback signal processing [1]. The system
composed of several processing modules in VME and V 2. ALS Results
formats. The analog-to-digital and digital-to-analog functior
are implemented in a pair of VXI processing modules whit
are capable of sampling bunch motion and generati

A modular programmable longitudinal feedback syste
has been developed as a component of the PEP-Il R+D |

A complete 4 processor feedback system (the longitudinal
Quick Prototype) has been installed at the ALS since Septem-

: ) . ber 1993 [4]. It has been used to develop feedback algorithms
correction signals at a 500 MHz rate, which allows the systt 4] y ve'op gor

. : and accelerator diagnostics, and is capable of controlling up to
to operate with bunch spacings of 2 ns. The 500 MHz A.90 bunches in the ALS machine. During the past six months

functions are incorporated in the Downsampler module, Whlthis system has been used with a wideband longitudinal kicker

'S a programmable sequencer _capable of C(_)ntrolllng 'Structure and a 200 watt TWT power amplifier for a series of
sampling of up to 2048 bunches with downsampling factors feedback tests and system development [5]

to 32. The 500 MHz D/A is contained in the hold buffer VX The system has been operated in conjunction with the

module, whose buffer memory contains the most recent ky o erse feedback system successfully for storage ring cur-

valléelfor eac::. l?]unch in the sE(/_stkem. A \./XI PaCITagﬁ_thpfrents up to 320 mA [6]. The operation of the longitudinal sys-
T? Li;?re(\g \c %ene:;_r_at_esa I(ij elr carglprr]3|gna Wt I°N SP4em has been shown to increase the intensity of emitted
o+ z) and a Timing module (which generates SEV€ ndulator radiation by a factor of 2.5 (figure 3).

ECL  clock S|gn_als _from the ring RF master oscillatol One of the attractive features of the programmable DSP
complete f[he digital 5'9”" processing VXI_moduIes [2]. architecture is the flexibility of the system. Because the signal
The signal processing algonthm_s are implemented as pprocessing is determined by software programs, it is easy to
grams coded on AT+T DSP 1610 MICTOPTOCESSOTS. These “implement many accelerator diagnostic and machine physics
gle-chip 16 bit processors are organized into groups of fOmeasurements, in the feedback processing. An example of an
instability growth rate measurement is illustrated in figure 4.
“Work supported by Department of Energy, contract This grow-damp transient measurement is made by a DSP pro-
DE-AC03-76SF00515 gram which can turn off the longitudinal feedback output of
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Figure 1. Photograph of the assembled system. The VME crate contains ten DSP modules, while the VXI crate contains the 50(
MS/sec Downsampler and Hold Buffer Modules
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Figure 2. Oscilloscope photo of the baseband correction signalt| oo -7 ' ]
and the resulting amplitude modulated QPSK signal. Signals E— —_ e
for 6 consecutive bunches are shown for 2 ns bunch spacing (2

ns/div scope speed). Note the 1 - 1.25 GHz kicker signal phas&® % 0 0% w0 705 7o wis 720

inverts for the negative correction values. Figure 3. Undulator output spectrum taken at the ALS. The ac-
) ion of the feedback system reduces the linewidth and increases
selected bunches for a user-programmed interval, and tfjen. . : o
. . .the intensity of the emitted radiation.
restore control by turning the output signals back on. During

this transient the DSP processors store the oscillation coordi- , i )
nates of the bunches. The transient begins from the stabiliJirate provided by the feedback system is seen in the second

state and reveals the growth rate of an instability via the strB@rtion of the envelope. The figure shows the motion of a sin-
ture of the envelope of the synchrotron oscillations. The dan® Punch (out of 40).



3. SUMMARY

A general purpose digital signal processing system has
4 been developed to control longitudinal multi-bunch instabili-

Filtered grow/damp record and envelope, feedback on at 64ms
60 T T T T T T T T

a0l A 1 ties. The system is flexible and operates at sampling rates up to
\’f'" \‘ 500 MHz. The operation of the downsampled processing sys-
ol O tem has been demonstrated at the Advanced Light Source and

ol | has been used to control longitudinal instabilities at operating
W,‘,C:W\“W‘“ currents up to 320 mA. Ongoing system development of opera-
tional software and measurement techniques is continuing, and
the prototype PEP-II system will be commissioned for routine
o0l 1 ALS operations in 1995.

. . Lo sl byl i
bt Lt Rt it i sl o \'f}‘“ LUk i i

Amplitude, counts
o

~a0f . 4. ACKNOWLEDGMENTS

The authors thank the PEP-II Group and the SLAC Tech-
60} T m o 5 & 5 = o ical Division for their support, and thank the ALS staff and

Time, ms ALS Operations group for their hospitality and interest in this
Figure 4. Grow-Damp Transient showing the growth of unstidevelopment program.

ble motion when the feedback is turned off, followed by dam
ing when the feedback is turned back on. The damping rat 5. REFERENCES
seen to be -1.6 ms, while the growth rate is 9.8 ms.

[1] Oxoby, et al., “Bunch by Bunch Longitudinal Feedback
System for PEP-II,” Proceedings of the 1994 European

This growth rate measurement can be made for varic Particle Accelerator E:onferepce.
accelerator parameters. Figure 5 shows such growth rates [2] Teytglmgn, et al, “Operation and Perfqrmance_ c.)f a
function of current for several fill patterns and RF cavity tul Longnudmallyl Feedbac_k System  Using  Digital
ings in the ALS. Note the linear scaling of inverse growth rg Processing g Proceedings  of the 1994  Beam
with current (as would be expected from theoretical consid Instrumentatlo“n Workshop . N
ations). Also note the sensitivity of the growth rate to cavi [3] Claus, et al,, “Software Architecture of the Long'tffd'”ia'
temperature. These measurements allow the feedback sy: Feedback System for PEP-II, ALS and DAPHNE", this
effectiveness to be quantified and the selection of an accel conference (PAC“ 95) .
tor operating point to be made. Such trade-offs are very sigr [4] Fox, et al, “Operation and Performance of a

cant in determining the required output power of the feedbe angitudinal D‘f"mf"”g Syste_m Using Parallel Digital
system. Signal Processing”, Proceedings of the 1994 European

Particle Accelerator Conference).
[5] Corlett, et al., “Longitudinal and Transverse Feedback
. Growth rate vs. current Kickers for the ALS” Proceedings of the 1994 European

Particle Accelerator Conference
_ [6] Barry, et al., "Commissioning and Operation of the ALS
5F * = April 11th, slope=17.7/s/mA 1 ” .
10 Transverse Coupled-Bunch Feedback System”, this
groups of 4 bunches
conference (PAC 95)

4+ 0, ... : March 21st, slope=16.1/s/mA B
- 40 bunch train
J
g 3r ]
)
s
=
% 2r x O |
O]

P [
1F X 4
o]
%
X 0 . +
OF +, — @ April 18th, slope=6.5/s/mA b
7 groups of 8 bunches
_l L L L L L
0 50 100 150 200 250 300

Beam current, mA
Figure 5. Figure of growth rate vs. current for various fill-pai
terns and cavity temperature at the ALS.



