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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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ABSTRACT

An instrument ﬁhich makes possible the investigation of individual-
beam pulses from a cyclotron is‘déscribed. It utilizes a fully depleted -
diffused-silicon junction detector of 100-200 microns thickness; The deteétor
characteristics of fast charge collection time (~ 1 ns) and of inherént
amplification are important in tﬁis application. Exemples of the detector

system response to beams from the Berkeley sector-focused cyclotron are presented.
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INTRODUCTION

‘ In the operétion of the Berkeley 88-inch sectdr-focused (isbchronous)
cyqlotronl); a knowledge of the phase of the beam with-respect‘to the r.f.
accelerating voltage has been important, both for reasons of tﬂeorefic&l interest
and for_di&gnosis of machine operation. A determination of the radial variation
of tﬁe phase of the circﬁlating beam provides a measure of the degree to which
fhe isochronous conditilon, thag of maintaining constant phase throughout the
acceleration process, has been achieved; and these phase values can be compared
_with those calculated from measured or computed knowlédge»of the magnetic field.

Also, these phase measurements provide the means through which trim céil adjust-
ments to the field can be made in order to best achieve the isochronous condition
for the several different particles and many different energies availablez).
Instruments used for this kind of measurement have typically been direct
beam pickup probes with the pulses amplified and displayed on a sampling oscil-
lOSCOpe3). éuch an oséilloscope samples & small part of each of a series of
recurring pulses, and thus displayé a pulse shape whicﬁ constitutes an average
~over many'separéte pulses. Hence, detailed information on possible variations
of beam intensity.aMOng different r.f. cycles, as well as within a single cycle,v
may be lost. o | |
In(order to clrcumvent these disadvéntages, a pr@be has beéh designed
ﬁhich utilizes the favofable characteristics of the semi-conductor detectoru),

namely, the fast charge collection time (~ 1 ns) and the inherent amplification
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_provided by the formation of one electron-hole pair (in silicon) for each 3 6
eV of energy loss in the detector. For example; an 80 MeV alpha particle loses :
k.9 MeV in traversing a 250 micron depletion region of a silicon detector, and o

L) provides epproximately 1,5 x lO6 electron-hole pairs_for collection.

DESCRIPTION

FigureS‘l and 2 show, respectively, the detector probe layout and the

electrical circuit.

|

Diffused silicon detectors with oxide protected Junction edges were
used. All were made of high resistivity (4000 ohm-cm p-type) silicon with
’vphosphorus diffused N fronts and boron diffused.P backss) Detector thicknesses ;':
ranged from 100 to 250 microns so that the detectors were fully depleted at bias
voltages less than 200 V. All detectors used would:support a bias voltage of
300 volts with a few microamps of leakage current. _ |

~ For a detector made of p-type material. Of thickness W, which is fully
depleted at bias voltage Vb, and an applied voltage V , the maximum collection
‘time for a charge produced in the detector is’ given by:

, ~ + In F—e , (V, >V )
2 Vb K Va vvp A »a, P

t =

where u is the charge mobility in the detector. The pnnch through voltage

is given approximately by.

vhere p 1s the detector resistivity; and - w 1s in mﬂ.
This maximum collection time for electrons varies‘from 0 2 ns. for a__‘-'f
detector 100 microns thick to 4 ns for:athickness of 250. microns, when

200 volts.
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Thevr-c time constants of the detection system mugﬁ also be considered.
vThe small area lOOvmicron detectors have éapécitaﬁce of'about 30 X 10—12 farads.
When feeding a 125 ohm cable this gives a time constant of 125 X 3 X lO;llz 4 ns.
In order to reduce this time constant, the.125 ohm cable was shunted with ebout
35 ohms, The cable was terminated by 125 ohms at the other end, so that reflections
presented no problem. |

To avoid the need for amplification, with the resulting increase in rise
time, a detector of 250 microns thickness was mounted directly in the external
cyélotron beam. vw1th Q 35 MeV a-particle beam of‘the order of 0.1 pA average
1ntensity, each beam pulse produced an eléct?ical pulse from the detector of
the order of 10 volts across the load (about 25 ohms). The detector output
appeared, to vary linearly with beam intensity even at this high level. The
pulses were displayed on a Tektronix 519 oscilloscope which has a ¢alibrated
rise time of.0.27 ns for single pulses, but has only about 9 V/cm sensitivity. '

The detector leakage increases quite rapidly upon exposure to the beanm.
Damagé is caused by particle bombardment (0.l pA = 3 X 1071l d-particles per
second) and possibly also by the heat generated by the hole-electron ion current
produced in the detector (0.5 A peak pulses at 250 V give a peak of 100 waﬁts).
Fortunately, the large output signal meahs that large leakage cgrfents are not
troublesome, however, after 15 minutes exposure to the beam the detector would
‘not suppo?t more than 200 V bias, so it was discarded. '

In Srder to lengthen the useful 1life of the detector, a simple shutter
arrangement (shown in Figure 11 was installed to intercept the beam just up-
stréam of the detectorf This shutter consists of a carbon finger attached to
the armaturé of a standard relay. A pulse generator was used to.energize the
shutter relay for 50 msec. at 1 sec. intervals and to trigger sweeps on the
oscllloscope. These sweep trigger pulses were delayed approximately 20 mseé. to

allow the shutter to open completely before the detector pulses‘were displayed

and photographed.
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RESULTS |

Examples of the 1esults obtained ) are shown in figs. 3 and h Figure f
3 displays the detector response to sing le beam pulses with the cyclotron
oscillator set_atvthe resonantlfrequency, fo » and at.nearbnyrequencies. These
pulses can be-compared and correlated with independently determined information p:
on the distribution in phase of the internal beam pulses6’7). The.pulses of
fig. 3 were produced with a 250 micron detector operating with Vé m.Vb.v The
long tails on the pulses were probably caused by the long collection time for.
'electrons produced near the back of the detector. Figure 4 shows examples of
some 60 to TO beam pulses_per oscilloscope.sweep. Modulations of the beam over
several to many r.f. cycles are apparentl .Clearly, investigations of beam

modulation with respect to variations of the cyclotron parameters will provide

“information useful to the operation and understanding of the machine.

~ CONCLUSIONS

The seminconductor detector has proved to be very useful in providing

.~ detailed information about the external beam of the Berkely 88 inch cyclotron,
It should be possible to adapt it for use as an internal beam probe, also.
Applications to beam monitoring or beam studies on other accelerators may be
enhanced by such simple changes as, for example, scattering the beam from a

:target ‘foil into the detector.
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Fig. 1. Probe layout. S is a carbon shutter which protects
the detector from the beam between measurements.
C is a carbon beam-collimation and centering device;
beam current on each half can be metered. D is the
silicon detector, soldered to a water-cooled copper
mounting plate which serves as a heat sink.
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Fig. 2. Schematic of electrical circuitry.
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Fig. 3. Detector response to external beam of 65-MeV

alpha particles. The cyclotron resonant frequency
was f. = 8965.6 kc/sec. Between successive
single sweeps the only experimental parameter
changed was the cyclotron oscillator frequency.
Changes in pulse shape and width under small fre-
guency changes, Af, are clearly seen. For ex-
ample, derived information on the beam phase
width is indicated on the right. The oscilloscope
sweep was not synchronized with the cyclotron
oscillator.
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Af = - 3.0
f0
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Fig. 4. Detector response to external beam of 80-MeV
alpha particles over 60 to 70 cyclotron r.f., cycles.
The resonant frequency was f = 9986.6 kc/sec.
Changes in the beam modulation envelope under
small frequency changes, Af, are evident.
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