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1. Introduction

Position sensitive multi-wire proportional
counters (MWPC) are regularly used in
fusion-fission experiments for detection of
evaporation residues following fusion and mea-
surements of mass, angle and total kinetic en-
ergy of fission fragments. MWPC with four
electrodes geometry; cathode followed by Y -
position electrode, anode and X-position elec-
trode; are being used as focal plane detectors
of Heavy Ion Reaction Analyzer (HIRA) [1]
and HYbrid Recoil mass Analyzer (HYRA) [2]
at IUAC. MWPC with five electrde geometry,
having an extra cathode, are used in fission
experiments [3]. The fast timing and posi-
tion signals from MWPC electrodes need fur-
ther amplification by fast pre-amplifiers while
a charge-sensitive pre-amplifier (CSPA) is re-
quired to process cathode signal to extract en-
ergy information without degrading rise time
and signal to noise ratio.

Typical MWPC front end electronics set-up
using commercial modules would require vari-
ety of pre-amplifiers and cables. We have de-
veloped a compact custom-made pre-amplifier
unit, which houses all its components in a die-
cast aluminium box of dimensions 145 mm ×
95 mm × 49 mm, for this purpose at IUAC.

2. MWPC pre-amplifier unit

Block diagram of the newly-developed
MWPC pre-amplifier unit is shown in Fig.
1. The unit accommodates seven channels
of different types of pre-amplifiers which in-
clude two independent channels of charge-
sensitive pre-amplifiers and a wideband pre-
amplifier with five channels. This wideband
pre-amplifier has one channel of non-inverting
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gain while other four are of inverting type
to retrieve timing and position information
from the anode and position electrodes (Xleft,
Xright, Yup and Ydown), respectively. In order
to extract energy information, cathode signal
is processed through a charge-sensitive pre-
amplifier.

FIG. 1: Block diagram of the compact MWPC
pre-amplifier unit.

All the input and output interconnections of
the wideband pre-amplifier are made through
SMA connectors in order to preserve band-
width of the signal, reduce noise and maintain
reliablity of the connections. A common test
input is utilized to test the functionality of
both CSPA channels simultaneously. Detec-
tor bias is provided through an SHV connec-
tor whereas input, output (energy and tim-
ing) and test signals are provided through
BNC connectors. The unit receives DC sup-
ply through a 9-pin D-connector, as per NIM
standard.
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A. Charge-sensitive pre-amplifier

Charge-sensitive pre-amplifiers are based on
conventional circuit with JFET as input stage
followed by a very high gain transistorized
transimpedance amplifier. The silicon equiv-
alent conversion gain is ∼ 44 mV/MeV while
decay time is kept as 100 µs. This provides
two identical and isolated outputs (E and T )
for energy and timing spectroscopy, respec-
tively. High quality SMT components are used
to assemble these boards for compactness.

B. Wideband pre-amplifier

The wideband pre-amplifier is designed to
amplify very fast linear signals with rise time
less than 1 ns. The circuit is implemented us-
ing cascaded ac-coupled common emitter am-
plifiers with common collector stage incorpo-
rated as the output buffer amplifier to improve
driving capabilities [4]. To achieve good tim-
ing characteristics, microstrip line technique
is utilized to realize the PCB. All SMD com-
ponents are mounted on the top side while
continuous ground plane is provided on the
bottom side which is flush-mounted on the
aluminium panel of a die-cast box for effi-
cient heat removal. SMA connectors are di-
rectly mounted on the PCB to reduce para-
sitics. Four channels are implemented with
inverting configuration and the fifth channel
is implemented with non-inverting configura-
tion. Gains of all the channels are ∼ 250. In-
put protection diodes are wired to clip any
transients at the input, thus protecting the
amplifier from avalanche-related damage.

3. Test results
To evaluate noise and rise time performance

of the charge-sensitive pre-amplifiers, these
are characterized for detector equivalent ca-
pacitance from stray (0 pF) to 1000 pF and
compared with the general purpose preampli-
fier ORTEC 142IH [5] (Tables I and II).

The wideband pre-amplifier is tested with
HP Network Analyzer 8752A (300 kHz to 1.3
GHz). Identical performance, with voltage
gain ∼ 250 and bandwidth greater than 350
MHz, is observed in all the channels. Fre-
quency response of one channel of this pre-
amplifier is shown in Fig. 2.

TABLE I: Noise comparison between IUAC CSPA
and ORTEC 142IH pre-amplifier.

Detector equiv. IUAC CSPA ORTEC 142IH
capacitor (pF) noise (keV) noise (keV)

0 1.3 1.9
100 2.3 4.6
1000 12.0 35.0

TABLE II: Rise time comparison between IUAC
CSPA and ORTEC 142IH pre-amplifier.

Detector equiv. IUAC CSPA ORTEC 142IH
capacitor (pF) rise time (ns) rise time (ns)

0 23 20
100 94 50

FIG. 2: Frequency response of the wideband pre-
amplifier.
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