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A CONSTANT FRACTION OF PULSE HEIGHT TRIGGER FOR OPTIMUM TIME RESOLUTION
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A fast discriminator has been designed which triggers at a con-
stant fraction of the input signal amplitude. When operated by
the anode current pulse from a photomultiplier tube the dis-

Abundant data are available on time resolutions for
fast scintillator-photomultiplier combinations as a func-
tion of the fractional triggering level ' ~*). The results
of these measurements indicate that a minimum time
resol" tion is obtained for a fractional triggering level of
about 10 9 of the peak pulse height. It has been sug-
gested that optimum time resolution should be obtaina-
ble with a circuit which triggers at a constant fraction of
the anode pulse height independent of pulse ampli-
tude * °). A further advantage of such a circuit is al-
most complete cancellation of the amplitude effect
(walk).

Considerable progress has been made in the develop-
ment of fast zero-crossing discriminators to eliminate

CONSTANT FRACTION OF PULSE

criminator makes it possible to obtain optimum timing over a
100 : 1 dynamic range. In addition, the walk is within 4120 ps
for this range.

walk. With the clippingstubtechnique which has gener-
ally been used ©7), it is difficult to achieve reliable
triggering over a reasonable dynamic range with a
fractional triggering level much less than 50 %. The
difficulty is due to sensitivity to statistical pulse shape
fluctuations and ringing. This is particularly true for
scintillators with decay times longer than 2 nsec. In
practice the resolution obtained has been worse by
a factor = 1.6 than the optimum provided by the scin-
tillator-phototube combination 7> 8).

A constant fraction of pulse height trigger has been
developed usinganattenuation-subtraction technique®).
A block diagram of the prototype circuit is shown in
fig. 1. The current pulse from the phototube anode is
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Fig. 1. A block diagram of the circuit designed for testing the constant fraction of pulse height attenuation-subtraction method.
The block elements are of conventional design’-?). :
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fed to one input of a zero-crossing discriminator
(resistor R,). This same signal is delayed by about 3.5
nsec, inverted and presented to a second input. The
input impedance of the second input (46.4 Q) in series
with the low impedance of the adding point terminates

the 50 Q delay line. The resistor R, isselectedsothatthe

peak current it presents to the summing point is equal
to the desired fraction of the delayed and inverted cur-
rent pulse at the appropriate phase point on the leading
edge of the inverted pulse. Consequently the resulting
current passes through zero at the desired fraction of
the anode pulse height. A zero-crossing discriminator
similar to conventional designs is used to detect the
cross-over phase point. ,

The zero-crossing element is a tunnel diode supplied
with a bias current equal to its peak current. The diode
is prevented from triggering by a 12 mA gate current
offsetting the bias. The lower threshold discriminator
is driven by the last dynode of the phototube. Delays
are arranged: so:that the lower threshold discriminator
removes the 12'mA gating current just after the arrival
of the attenuated negative anode pulse. As the current
at the summing point crosses zero the zero-crossing
tunnel diode passes through the peak current biasing
condition and triggers rapidly to the high voltage state.
Further circuits convert this signal into complementary
20 mA output currents for driving a time to pulse height
converter. A reset generator returns all tunnel diodes
to their original low voltage states after an appropriate
interval.

Tunnel diode charge sensitivity has been reduced by
using a diode with low capacitance and high peak
current °). Overdrive effects ) are minimized by
limiting the switching current applied to the tunnel
diode with a network of fast diodes, as well as follow-
ing the zero-crossing element with a high sensitivity,
fast tunnel diode trigger ®).

Fig. 2 shows resolution curves measured with a con-
stant threshold discriminator for an RCA 8575 photo-
tube excited by a fast light pulser 4). The charging line
of the pulser was adjusted to produce a pulse at the
photomultiplier anode with a rise time of 2 nsec and
a decay constant of 6 nsec to duplicate approximately
the response of fast scintillators such as Naton. The
ordinate, f, gives the fraction of the peak anode current
at which the discriminator threshold was set (leading
edge timing). Windows 10 9] wide were used to restrict
the range of the integrated pulse height. A correction
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Fig. 2. Time resolution curves for the RCA 8575 photomultiplier
excited by a light pulser as taken with a constant threshold
discriminator. The equivalent electron energies have been ob-
tained by calibration with the 340 keV Compton edge for 511-keV
y-rays in a Naton scintillator. fis the fractional triggering level
referred to the peak anode current specified in the diagram.

for residual walk *) across the window width was also
applied. Clearly the optimum time resolution is ob-
tained for a fraction f < 10 9%,. Equivalent electron
energies have been indicated on this and other figures.
The 340 keV Compton edge from 22Na 511-keV anni-
hilation radiation in a Naton plastic scintillator was
used for calibration.

A fraction of 10 % was chosen for the constant frac-
tion of pulse height trigger (R, = 215 9). Fig. 3 shows
a comparison between the time resolutions obtained






