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Introduction

Application of single crystal chemical
vapor deposited or sCVD diamond detector as
a radiation hard heavy ion detector is well
established. This detector provides very good
timing as well as energy resolution. It is being
used as a diagnostic for low energy buncher
stability at TIFR Pelletron-Linac Facility [1].
We report its projected application in heavy
ion beam diagnostics with the Pelletron-
LINAC accelerator system at IUAC. This
system provides ion species from C to *Ti at
energies ranging from 5-10 MeV/A. The RF
accelerator (LINAC) boosts energy of pulsed
beams, from Pelletron, with bunch widths
around 250 ps. Suitable detectors are required
to carefully monitor these bunch widths while
tuning the RF phase of the accelerator. Energy
information is also essential to monitor the
acceleration (de-acceleration) or increase
(decrease) in energy of the beam species. The
diamond detector has been tested to determine,
in time domain, the bunch width as well as the
energy of the pulsed beams from the
accelerator. As a standard practice, totally
depleted thin (40 wm) surface barrier detectors
or SBD have been used to determine the beam
bunch width from the superconducting LINAC
buncher [2] of TUAC. This is realized by
detecting beam particles scattered by a thin
gold foil. Thin silicon detectors do not provide
good energy resolution owing to large
capacitive noise and at the same time have a
very short life, being very prone to radiation
damage. Also, since full energy of the
incoming particle is not deposited, thus energy
resolutions in thin transmission type detectors
are generally inferior as compared to thicker
ones (~ 300 pum). Thick silicon detectors do
provide very good energy resolutions but
timing resolutions are very inferior. Thick
sCVD diamond detectors (~ 300-500 pm)
provide very good timing resolutions (~ 100 ps
FWHM) and their energy resolutions are at par
with the silicon detector. Since particle is
stopped in these detectors, thus full energy

information of the beam particles from the
accelerator can be known.

Diamond Detector

Fig.1: Picture of the sCVD diamond detector assembly.

Fig.1 shows the picture of the model B1
sCVD diamond detector manufactured by
Cividec Instrumentation GmbH. It has an area
of 4.5 x 4.5 mm? and a thickness of 500 pm. It
has a conducting layer of gold of thickness 250
nm for electrical contacts. The detector is
housed inside a shielded aluminum box. An
SMA connector is provided for signal
processing. In comparison to silicon, diamond
has higher electron (1.5 times) and hole (2.5
times) mobilities, and higher electric fields (~
6 times) can be applied. These characteristics
enhance the timing resolution of diamond
detector. Diamond requires ~ 4 times more
energy (13 eV) as compared to silicon (3.62
eV) for the generation of an electron-hole pair.
At the same time diamond has much lower
capacitance (~ 3 pF) as compared to silicon
(~50 pF), thus capacitive noise and load will
be minimum for the preamplifier. The energy
required to remove an atom in diamond is 3
times higher as compared to silicon, which
makes it more radiation hard.

Test Measurements

The detector was tested with alpha
emitters ** Am and ***Th. An energy resolution
of 44 keV was observed for 5.48 MeV alpha.
Intrinsic resolution will be better since there is
energy straggling in the entrance gold layer.
Fig.2 is the alpha spectrum with **Th showing
well resolved alpha peaks. Charge sensitive
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preamplifier (CSPA) unit [3] with sensitivity 5
mV/MeV (diamond equivalent) was used for
energy measurements.
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Fig.2: Alpha spectrum usmg 22Th source.

Fast timing amplifier (FTA) unit,
prepared at IUAC, was used to evaluate the
timing performance. The design utilizes four
stage common emitter amplifiers with an
emitter follower at the output stage. The circuit
is inspired by the earlier developed design of
Beeskow [4]. Circuit diagram is shown in
fig.3., and fig.4 shows an assembled unit

which has detector bias network for providing
bias voltage to the detector. These units have
been widely used earlier with proportional
counters [3], and more recently with silicon
detectors [5].
T

Fig.4: Assembled FTA unit with bias network.

A rise time of about 1.5 ns and gain of ~
25 mV/MeV was observed for alpha particles.
This performance, in terms of gain and rise
time, is almost identical to the broadband
amplifier unit provided by Cividec company.

Detector was tested in beam using 90
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MeV *Si beam scattered from 150 pg/cm?
gold foil. The pulsed beam had a repetition
rate of 250 ns and a bunch width of ~ 1ns.
Diamond detector was mounted at an angle of
20° w.rit. beam direction in the beam
diagnostic  chamber for LINAC. For
comparison, one silicon detector (300 um
thick) was also placed at 20° on the other side
of the beam axis. Time of flight (TOF) was
generated between RF pulse and diamond
detector. Timing resolution of ~ 1ns was
observed, consistent with the bunch width.
Fig.5 shows the signal output from FTA for the
scattered *®Si particles with rise time ~ 2 ns
and amplitude 1.8V, at bias voltage of 180 V.
Intrinsic resolution is estimated to be < 100 ps
from the displayed signal characteristics.
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Fig.4: Trace of the diamond detector signal from FTA.

Diamond detector was also tested with
Canberra 2003BT preamplifier which provides
both timing and energy signals. Energy signal
strength was 4 times less as compared to
silicon detector. Rise times were 2 ns for the
timing signal with amplitude ~ 200 mV.
Additional amplification is provided with a
Timing Filter Amplifier. Resolution achieved is
~ 1 ns. Energy resolutions were identical for
both silicon and diamond detector ~ 1.6 MeV.
In future we plan to perform measurements
with the superconducting LINAC buncher,
which can provide bunch widths of ~ 100 ps.
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