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~8BATILB @ BEAM ~PPBR STBTBMAT Ml@-

J. S. Lumford, G. P. Lewronco, ●nd R. F. Bentley+
Loz Alaoa Scientific Laborac,wy, Loz Al~, IM 87545

The R+ chopper
modes (A ●nd B) of
single micropulsas

Abstract

system at LOW provideo two
be- chopping. Mode A provides
separated by 1 U. or more. Mode B

pzovidee ● Singie pulee 50 MC to 10 PO long ●t the
LA14PP=epetition rate of 120 Em. The =ode of opera-
tion ia selected with coexial relays which can switch
during the dead time between Ml@? mecropulses. Tle
chopper consists of l-m-long push-pull helical-wound
slow-wavm deflecting structure. Itavin* CMexial pulse
velocity of 0.04c, which ●stchee the wlocity of the
proton beam. The helix grotmd-planes are biased by a
pulser providing push-pull 500-V puLsea to deflect the
11+beam from the injection channel. In chopping
mode A, the helicai windiugz ●re driven by pueh-pull,
1ODO-V, S-n@ pulsee delivered by a circuit utilixing
awelanche transistor ●nd planar triodes. In mode B,
the helical windings are driven by puJh-pull, 1OOO-V,
50-na to 10-I,Iz long puLees, produced by ● circuit uti-
lizing beamqwwer tmtrodes end fast SC8S. In both
modes, these pulse. cencel the ground-plane biao end
permit beam pulses to be delivered to the lhac.

htrO.JCtiOII

A chopper sy8tam1 that can provide ● wide varie-
ty of pulse structure hae been developed ●nd ia prea-
eetly in we in the 750-keV proton injection transport
line of LARVFO The primary purpoze of the chopper is
to generate proten pulses hevin~ lengths end repart-
itionreteo suitable for producing neutron burst.
needed in timvof-flight measurements●t theWeapons
Neutron Reseuch (WNR) F@cility. The chopper syetem
provides two distinct ❑odes of plee selection, which
are illuatrs?od in Fig. 1.

The first ■ode (A) can provide ● train of ~ingle
micropuloes leaa than l-ns long, spaced at int~rvala
aa short as 1 W, throughout ●very tenth (500-pz-long)

1 Work cupported by U.$. Dapertment ef Energy.
Iew England Nuclear, Inc., Billerica, NA.
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Fig. 1. Proton beam current wmveferms in
normal mode ●nd the two chopping
modes of operation.

Fig. 2. Mode A chopping ●fficiency and
centamin~tion level,

the

LAl@?-cropulse. An importent quenCity for this mode
ia the chopping ●fficiency (the ratio of be- intensi-
ty transmitted in ● given micropulse to the intensity
initislly ●vailsble in that micropuLae) obtained when
the containetion level (ratio of intensity trma-
mitted frm adjacent microptisee to intensity trans-
mitted in the desired micropulae) is reduced to an
acceptable level. Figure 2 illuetrateo the relatiom-
●hipa between tranniasiom efficiency ●nd cont=ina-
tion level. A tranmiseion efficiency of>50% ha.
been obtai#d with a contmimtiom level of Cl% uairig
the present chopper ●yatt9.

The second chop#ng mode (B) is uzed to provide
veriable length 150-Mz to 10-ua) proton pulses ●t the
end of each LMPP =acropwlse and to provide an adja-
cent gap of 12-IJS in the proton be- to ●now a faat
pulsed (kicker) megnet in the LAHPF ●witchyard to be
energized without spilling be-, The kicker magne~
directs the variable width pulaec intr the beam trana-
port line leading to the IWR Facility.

The chopping ●yatem consiata of push-pull,
helically-wound 1OO-Q traveling-wave deflectir.g atruc-
turea and the electronics neceaaary to driw them. A
block diagr- of the ❑ain ●luenta is ●hotnl in Fig.
3. The switches shown in Fig. 3 ●re coaxial relayz
that can switch in leaa than 6 m.. This switching
apaed allows :he chopping mode to be changed during
the interval between macropulsea.

Deflecting Structures

The deflecting ●tru:turea ●re loccted in the IAMPF
injection tranaport line, where the protot. be= energy
ia 7S0 keV (6 = 0.04), which corresponds to ● veloeity
of al cia/ae. The longitudinal velocity of the trano-
verae electric field produced by pueh-pull pulaea on
the helical windings ia zatchsd to the preton beem
velocity. The deflection structure Lhuz haa an in-
trinsically wide ban?width. Construction detaila of
the deflection structure are shown in Fig. 4. A com-
plete diacuaaion of the principles of operation of the
traveling wave deflation system is given in Ref. I,

The construction method used fer the deflection
structures involved ● compromise between optim.~ elec-
trical perffiC!Z ii-’ and adequate machmical cheracter-
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Fig. 3. Proton chopping ayatem:
(a) Functional diagram (b) Partinent waveform
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Fig. 4. Deflection structure construction.

istics. The .shorteet pulse risetime was obtained us-
ing Teflon corner insulators between the aluoinmz
plate ground planes and the copper ribbon windings.
Teflon causee eeveral problems: it contaminates the
vacum if struck by the proton beam; it does not con-
duct enough heat from the windings if they are struck;
and it is difficult to bond to other materia16. Cera-
mic corner insulator were used even though their
electrical performance is inferior to that of Teflon
because their pulse parfokrnenca ia nevertheless quite
adequate. The ril,etime of a step transmitted through
t% 80-n.s-long deflection structure ia no worea than
1,5 ns.

Biaa Pul.sers

Three pulser types ara used to provide the pulaea
necessary Eor the two modes of chOpping. A commercial
(Cober) pulsar is used to drfve the ●ltzointsn plate
ground planes with relatively slow push-pull pulses.
Tile E-field generated by these puleea de flacta the
proton beam out of the beam channel. The pulse vnlt-
aga required Eor adequate deflection in the prasent
injection beam line configuration is approximately
500 V on each plate. The impedance of each plata cir-
cuit is approximately 1000-2 resistance in parallel
with a 1000-pF capacitance. The Cober puleer can
eaeiiy deliver Fhe necessarv pulse length- and repeti-

tion rates into this load.
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Fig. 5. Avalanche puloer simplified schematic.

Fig. 6. Planar triode grid waveform
Horizontal: 5 na/div; Vertical: SO Vfdiv

Pulaer for Node A

In chopping mode A the windings are driven with a
LA8L daaigned ●valanche pulsar, ehown in Fig. 5.
Traneiatore, Ql, Q2 ●nd Q3, ●re 2N 3904a selected for
avalsqche characteriatice. The voltage divider
string, Rl, R2 and R3, provides a small collector
current (0!5 MA) throush Ql, to improve tri88erin8
charscteriatice. When the avalanche transistor string
ia trigge:ed, the capacitor (C! and inductor (L) form
a resonant circuit that nroduces the waveform, shown-. .:
In Fiz. 6, at the planar triode grid. The avalanche
pulae~ output waveform ia ahown in Fig. ?. An inwrt-
ing tranamisaion-lina transformer obtnina the poaicive
output (alao shown in Fig. 7) fr~ an identical ci~
cuit. The charging circuit, shown in Fig. 6,
rechargea with a constant current after the avalanche
transistor string has turned off.

Recharging C with a constant currant allow faster
recharging, without inadvertent triggering of the ava-
lanche transistors, than can be obtained with resi9-
tive charging. With resistive recharging, the minimsm
time batween output pulses ie ‘6q!a, whareaa with
constant-current recharging the minimuo time betwaen
pulses is reduced to l-us. The voltage Wavefom
acrosa C ia ehown in Fig. 8.

Pulser for Mode B

In chopping mode B the helical windingd are drivers
with LA8L designed pulsers (B Pulser) that utilize
fast SCRS and beam-power tetrod~a (Fiu. 9). The tet-
roda is self-biaeed near cutoff by cathode reeistor
R2. The “start” pulea triggars SCR3, which shorts the
cathoie to ground, and the tetx’oda conducts fairly
heavily becauae the grid-to-cathode voltage diffarenca
is nearly zero. To end the output pulse, SCR2 is
triggered, This drivas the grid sufficiently negative
through Cl to turn off thu tatrode and SCR3. A reso-

nant circuit (Ll and C2) speeds up turn-off of sCR2.
When SCR1 is triggered, Cl is recharged through L2. A
resonant circuit(L2 and Cl) speeds up turn-off of
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Fig. 7. Avalanche pulsar ou?put waveformz.
Horizontal: 2 n#/div; Vertical mplicude ● 1000 v

Fig. 8. Racharge Voltaggwaveform ●cross C in the
avalanche pulser, Horizont,ll: 1 e/cJiv

SCR1. The tetrodeu are driven with SCRa becauae tha
necessary voltages and retponoe times are easily at-
tained with SCRS. The output pulse riaa and fall
times are ’20 no (Fig, 10). The fallthe is as faat
as the rieetime becauee the turn-off pulsa delivarad
to the tetrode Srid from SCR2 hac .eufficient amplitude
to completely turn off the tatrode, The B pulsar
charactaristica daacribed abow are adequate for mods
B chopping. The B Pulaer circuitry ie con- atructed
on ●n electrically floating deck so that the outputs
can be directly coupled to the deflection structural
with either output polarity, A1oo, the Cobar pulsar
can drive the deflection otructure ground platee
without disturbing the B Pulaers.

Future Chopper Requiremante ●t WF

The choppar ayetem daocribed in this paper ia ●de-
quate for the neutron tfma-of-flisht nxperimento preo-

IF%
sCR1

3H
.

WTlyt

CI!ARG6
L2 X29 ----

“- ‘:: “fiz

1 bll~

SIX L1 ,-2 Sal

3

smp RI TART

I 1 !

-v

Fig. 9. Pulaer B simplified schematic.
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Fig. 10. Pulser B output waveforme.
Horizontal: 50 na/div; Verticel: 200 V/div

ently in progrees ●t the WNRFacility, but a Protou
Storage Ring (PSR) is being designaci as a major up-
grade of thio pulsad neutron source. Tha PSR will
require an advanced chopper syetem in the H- injec-
tion line. Mode A type operation will then require
improved efficiency with lasa satellite pulse contami-
nation, reduced time between micropulaea, and probably
a higher duty factor. Another mode of operation will
require 90-na pulaea spaced 270 ne apart during a
large pe~centage of the LA14PFmacropulaan, The pres-
ent deflection etructure is probably adequate for
thaec application, but the puleare will have to be
upgraded, A distributed amplifier in beinB detigned,
which looks promising ae a replacement for the iiva-
lanc},e pulaer and tha B puloere now being used and
which could also satisfy the futura PSR requirements.
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