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Transverse instabilities .ire controlled by nn
active beam damper which corrects the orbit of indi-
vidual proton bunches in the Kermilab booster synchro-
tron. The coirective signals, which arc in reality
processed versions of the beam pick-up data, are
applied to the bean via power aiupllfier/deflector
electrodes approximately one turn after senr.ii'*. the
bunch position. The electronic systems of th. damper
are configured as a closed-loop feedback arrangement.

A unique feature of the described damping elec-
tronics is that the feedback loop delay time is con-
tinuously adjusted such that the arrival tine of the
deflector signals correspond on a one-to-one time
basis with the specific bunches needing orbit cor-
rection. Control of the loop delay throughout a ma-
chine 0 variation of 0.57 - to - 0.99 is achieved with
2.7 nsec resolution over a 1400 nsec variable delay
range. A 9 bit digital delay controller adjusts the
delay during each machine cycle.

The described beam damper operates with beam in-
tensity variations of 30 dlt, repetition rate variations
approaching one octave (30-to-53 MHz), and with bunching
related beam pulse half-width variation of 12-to-2
nsec.

This paper presents a brief outline of the over-
all damper system configuration and contains a descrip-
tion of the beam position detector, coaxial cable de-
lay system, and data receiver.

Information relative to other damper sub-systems

Is contained in separate papers .

Damper System Configuration

The booster damper block diagram Is shown in Fig-
ure 1 with its sub-system elements. The control loop
signal processing begins at the position pick-up elec-
trodes, S, while the principal processing (synchron-
ization, sampling, holding, noroalization, and scaling)
takes place in the position detector. Signals develop-
ed by the position detector arc transmitted through the
coaxial cable delay system, power amplifiers and ter-
minate at the output end of the stripline deflector
electrodes, TD, Figure 1,.

A one turn delay, DI., Is included in the data
transmission path to permit the deflector signals to
be time correlated vlth corresponding bean data uC the
deflectors.

The power amplifiers, PA, have a bandwidth of -ISO
MHi, can deliver as much as 160 V-PK per pair to the
deflectors, TD, and arc ac coupled permitting the equi-
librium orbit to move about somewhat without signif-
icantly reducing the control loop dynaaie range.

The delay control logic signals are developed
from the boosters low-level rf signal. The logic and
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control signal serves two functions in ihe contra/ )«>op,
(1) it controls nine series connected rf switches in a
coaxial delay system and (.?) it activate.-; two transmis-
sion gates in the loop, each designed to discriminate
against spurious transients and noise.

The loop forward gain, between position detector
output and deflection electrodes is 4<i di! waxiaum, and
is adjustable over a wide range. The .id jif-tahlf gain
feature aid;; in est abl îIiii!,-. loul loop gain, which in
turn sets the closed loop d.ixping rate and stability
characteristics. The dar.pinp, t ii:;e constant is typical-
ly less than 200 pr.ee at maximun gain.

The data transmission path utilizes rf signals to
convey the position inforr.jtion through the delay sys-
tem and to the power amplifiers. An Amplitude Modula-
tion, Double Side Band, frequency division railtiplex
scheme is used for data transmission. The frequency
band between 50 and S50 MHz is used for this purpose.
Transverse displa.ccr.cnl position data is transmitted on
a carrier wave frequency of 250 MJJz. Significant side-
band energy covers the spcctruni between 50 and 450 :':!z.
The position .sense (polarity) data is transmitted on a
separate carrier centered at 675 MHz. Significant
polarity sidebands extend throughout the jOO-to-850 .MHz
part of the spcctruni. A signal sjiectriiir., sliov.-iiij, the
distribution of signal power with frequency for a typ-
ical position signal is shown in the photograph of
Figure 2.

At the receiver, RCVR, the data is recovered by
demultiplexing, deri.->dulation, and amplification. The
resultant signals are applied in coc.plinentary forci to
the power amplifiers and thereafter to the deflectors.

The rationale which requires the rather complex
transmission scheme outlined is that the position de-
tectors output signal fidelity must be preserved if
bunch-by-bunch operation is to be achieved. The rf car-
rier technique pernits a dc-to-175 MHz position signal
spectrum to be transmitted over a long cable path
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without serious fidelity impairment .

Position Detector

A set of two coplanar signals representing the
vertical and radial beam displacements respectively,
are developed by the beam bunches and the pick-up elec-
trode assemblies The position detectors, one required
for each plane, receives one set of coplanar electrode
voltages and each detector produces two output voltages.
These voltages are proportional to beam displacement but
neither Is functionally related to intensity, rep rate,
or beam signal pulse width over the ranges mentioned.
One of the developed outputs is used to transmit the
magnitude part of the transverse displacement while the
second output transmits displacement sense (polarity)
data. Figure 3 shows the block diagram of the detector
vlth Its four major functional parts, (1) bunch syn-
chronizer, (2) beam sampler, (3) rf processor/normalise^
and (4) output scale factor amplifier.

The bunch synchronizer is designed to keep the
gate driver sampling pulses timed to the peak of cor-
responding beam pulses regardless of the pulse width/
rep rate variations. In addition, the synchronizer
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provides sufficient amplitude ]'lulling mid ninpliflca-

K-32 tion lo al]i>w non:i.il oju-i .it Inn over n 33 dU bc-.ira :n-

tenfiily r.~nt|:c. Thin V.I 1 <ir rrpn-ii-nt u it '«U2 margin

beyond tin1 design H o l t KpcrllUd for tin- damper elec-

tronics. The synchronizer ln;mls arc derived from

beam pulse v l d m e i s nude fioru hybrid junction.'; and

configured as tr.m:;verr..il filters. These wldeners In-

crease tin- effective beam width by a factor of two.

The wldcner:; aid In minimizing sensitivity effects due

to Jitter, .'ind in conjunction with tbe suiuner, 5', helps

minimize «iinplitude tiodulalion effects and maintain

limiting during intervals of low beam Intensities.

Tracking the beam pulse peak is achieved by the

adaptive delay control, ADC, which is part of the syn-

chronizer, This circuit is activated by a frequency

discriminator driven by the boosters low-level rf nnd

Is function.illy a variable delay in the sample pulse

train patli which controls the diode fiates, Ag and V^..

Adrptive control of the delay !s continuous over a 6

nsec ranee. The ADC circuit keeps the sawpllng pulse

train optimized with re:.pcct to the peak of the bean

pulses within 0.5 nsec throughout the entire range of

damper systeci input variables encountered in the boost-

ers acceleration cycle.

The diode sampling gates, A,, and B_, together with
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associated circuitry peak detect and hold the level of

each beam pulse for one rf repetition interval,

1/fg--. sec. The developed sampled and held ver-

sions of each btan pulse linearly modulate separate

317 MHz rf oscillators, effectively converting the

peak value of the beam pulses into pulsed rf signals

each having about 5 rf wavelets per bean bunch. In

the rf proccs'jor/uornalizer portion of the position

detector, the amplitude ratio of the input rf signals,
M./M , is developed and subsequently the phase devia-
A D

tion associated with this ratio is produced by the. rf

processor. A double balanced nixer configured as a

phase detector is used for demodulation and produces

the normalized, displacement quantity, Vn, at base-
band frequencies - dc-to-175 MHz. A more detailed
description of a similar rf processor is contained in
reference 3.

The beam position detector sensitivity is set by
the output sacle factor amplifier, X24. This ampli-
fier provides a noninal gain of 24 in the dc/175 MHz re-
gion, provides a minimum of 20 dB attenuation for har-
monious of the 317 MHz processor rf signals, and sets
the sensitivity at 0.5 V/mm displacement.

Coaxial Cable Dclav System

The damper feedback delay time is adjusted con-
tinuously during the acceleration cycle as is required
by the changing revolution tine of the proton bunches.
The method used to secure the variable delay is shown
in Figure 4. A group of 9 semirigid, medium diameter,
coaxial cables is connected to a group of 9 solid state
fast transfer rf switches. These "three legged"

switches are designed to connect the applied rf sig-
nals which contain the position data directly through
the short direct path, In-to-Out, or through alterna-
tive paths via any or all of the cables, S -to-Sg. The

sho-t direct path gives a maximum delay of 10 nsec for
the 9 switches. As much as 1410 nsec can be selected
in 2.73 nsec increments for alternative routing through
the cables. In conjunction with 11200 nsec of fixed
delay provided by a 7/8" dJimetcr coaxial cable, Che
total delay is sufficient >o keep the deflector sig-
nals In step with the proton buncHcs for all conditions
of nachlnc acceleration. <

The if r,witches have 30 dll Isolation vflvi-cti any

Eclcct<d r.!r.n.il port-., VSI»'K l\.5, switdiiii;; (.pred "30

nsec, switching transients <15 MV peak, insertion !<>sa

<2 dll, ..ml power handling r.-tpabillly lo !»0 KW/ifJ :..

In addition, the rf switches provide double 10 r.ijm h.-u k

ternilu.it ions, IIT, for the cable ports when the ivit<!:-

ing control conr.ianils the straight-lhrour,h conned inn.

The back termination:; dlssip.ite trapped signal er.erj;v

In the relatively hl-Q cables quickly and without r.ul-

tlple reflections. A .r! pad, F, I igure 4, internal to

each switch, provides straight-through path .'injij 1I m V

equal iz.it ion. The attenuation character!:.! it s uf t).e

cable and fat raight-throu;-,b paths are equalized to •'O.j

dB at the 2'JO M H Z dlsplaiecriit channel frequency for

all delay states.

An inportant feature of the drr.ciibed delay tech-

nique is tl.Jt the spurious inttrr.^dulat ion signal level

is at least 30 dll below the peak level of the applied

rf signal. This is considered an inportsnt acl.i<-vc-

ment since there are 36 diode gates (riore than J00

diodes) included in the suitchir.g delay pith end the

transmitted signal cor.jJOr.ents are distributed over an

800 KHz ran^e.

Data f.crciver/DSXrX

Delayed position in:'orr_ition in the forn of an
AM-DSB frequency division cult iplc-xc-d wave of 47 }•-?
amplitude is applied to the data receivcr/DD^X. The
block diagrani is shown in ripjre 5. T}ie DEM'JX, con-
sisting of rf hybrid splittc-rs, hi-pass and lo-piss
filters separate the input signal spectru- ir.to the
displacer.c-nt and polarity channels as indicated. A
short fixed delay, DL, < nsec nominal, is included in
the displacement channel to correct for ti-e skev be-
tween the two separated signal paths. Skew correction
maintains corresponding displacer.crH and polarity caii
alignment within 0.5 nser. The dis;-lacer-.ent fijn:] i«.
processed by splitting it into two equal amplitude com-
ponents and thereafter switching or.e or the otiier ccr.-
ponent through a detector and to a differential ampli-
fier. Balanced nixers, ~, configured as SPST switches
control signal flow to the detectors, AM D£T, and to
the coiuplinerttary differential acplifier, CDA. The
switch outputs are applied to linear detectors for full-
wave demodulation.

The polarity of the output signals at ports 1 and
2, is dependent on whether the CDA has the input at
its + or its - terminal. The CDA input condition is in
turn related to which rf switch is eormsndcd closed by
the polarity channel signals. For a detected polarity
signal above the threshold, V , switch A is closed

switch B open and detected signals of +, 0, as shown in
Figure 5 arc applied to the CDA. When the polarity
signal is absent due to the bean being on the opposite
side of the axis, the detected signal is below, V , and

the complimentary conditions apply at the input to the
CDA.

The CDA gain is adjustable, allowing a transmission
path of unity gain to be established between the posi-
tion detector output ;=orts and receiver output port.
The bandwidth of the receiver is dc-to-200 MHz. , The
displacement signal polarity can be switched in less
than 3 nscc, allowing the receiver output data to
follow the individual bunch data developed by the posi-
tion detector. The overall ceasured 10-90S rise and
fall time, position detector included, for position
data is 4 and 4.4 nsec respectively, dynamic range is
30 dB, and linearity is brttcr than 5Z BSL.

Figure 6 shows a typical position detector signal,
18 bunches at booster operating frequency of 36 MHz
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C-32 (BOTTHM) and the corirnpomllnf, CDA mil put nlpn.il after
delay (.TOP). Tirco skew in this photo is cauued l>y
ecopu cabling under test conditions. ,
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