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A CONSTANT FRACTION DIFFERENTIAL DISCRIMINATOR FOR USE IN

FAST TIMING COINCIDENCE SYSTEMS

Michael O. Bedwell and Thomas J. Paulus*

Introduction

A new constant fraction differential discriminator
has been designed and tested. To consistently achieve
maximum timing performance, the most critical block of
circuitry has been implemented using hybrid micro-
circuit technology. 'I‘hls block of circuitry includes
the leading edge arming discriminator, the constant
fraction shaping c:.rcu:.try, and the zero-crossing pick-
off.

The instrument can be operated either as an
integral discriminator or as a fast timing single-
channel analyzer (SCA) for the anode signals fram
photcnultiplier tubes (PMI's). Separately controlled
upper-level and lower-level thresholds range fram -30 mV
to -5 V. The amplitude-dependent time walk of the
discriminator is less than * 150 ps for 1 ns risetime
input signals from -30 mV to ~10 V in the Integral mode
(=30 nvV to -5 V, Differential mode).

The differential or SCA capability of the dis-
criminator is intended primarily for use in fast timing
coincidence systems to eliminate the need for slower
linear side channels, which are typically used to per-
form the energy selection and coarse coincidence
functions. A block diagram and the various functions
of the discriminator are described. Typical performance
data and timing resolution data are presented.

Timing Coincidence Systems

Figure 1 shows a typical fast/slow timing
coincidence system that can be used for timing with
fast scintillators and PMT's. An integral mode constant
fraction discriminator is used as the time pick-off
device in each channel leading to the time-to-pulse-
height converter (TPHC). An energy side channel is
associated with each detector and is composed of a
preamplifier, a shaping amplifier, and a single-channel
analyzer (SCA). The function of the SCA is to select
the range of energies for which timing information is
desired. If two detected events fall within the
selected energy ranges, and if they are coincident
within the resolvmg time selected for the coincidence
unit, the precise timing information related to these
events is strobed fram the TPHC. The timing information
is accumlated and displayed by the multichannel
analyzer (MCA).

An important point to note is that the TPHC in
Fig. 1 must handle the count rate associated with the
single events exceeding the thresholds of the timing
discriminators. This count rate can be an order of
magnitude higher than the coincidence rate at which the
TPHC is strobed. Thus, a count rate limitation is
imposed by the TPHC in a fast/slow coincidence system.
Resolution degradation can occur at high conversion
rates in the TPHC due to heating effects in the active
circuitry and dielectric absorption in the storage
capacitors.

Figure 2 shows a timing coincidence system that
performs the same function as the fast/slow system
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Fig. lA. Typical fast/slow system for gamma—gamma
coincidence measurements with scintillators and
photamiltiplier tubes.
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Fig. 2. A fast coincidence system for gamma-gamma
coincidence measurements with scintillators and
photamltiplier tubes.

shown in Fig. 1. In the system shown in Fig. 2, each
constant fraction differential discriminator generates
the timing information and determines the energy range
of interest simultaneously. If two detected events
fall within the selected energy ranges, and if they are
coincident within the resolving time selected for the
coincidence unit, the TPHC is gated on to accept the
delayed, precise timing information. Thus, the TPHC
must handle start-stop signals only for events that are
of the correct and are coincident. Campared to
the fast/slow system, the fast system has fewer modules






