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_ ABSTRACT -
A discriminator circuit for use with millimicrosecond counting
equipment io described here. The ma.in characteristics of this unit are
its good response to gmises as short as 3 millimicroseconds and the fast

recovery time, which 18 less than .} psec.
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MILLIMICROSECOND DISCRIMINATOR”
David F. Swift and Victor Perez-Mendez
Lawrence Radiation Laboratory
University of California
Berkeley, California
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1. INTRODUCTION

A discriminator device is necessary in most electronic counting
varrangemems to &etermine the voltage leve;l at which pulses are fed to
the recording device. Standard discriminator circuits with good stability
are in common uee for circuits operating in the micronécond region. i

For discriminators operating in the millimicrosecond (musec) region
the requirements are even more exacting. In addition to good atabilify
performance they are often required to have comparatively short resolving
times ;n order to.make full uee of the ""speed" towarde which millimicro-
second circuitry is developing. |

The discriminator described here was designed with these two
requireménts in mind. Since the cutput voltages of 'fast" coiﬁcidence
circuits in current use are of the order of a fraction of a volt, these units
have been designed to operate at this input level and to have a resolving
time equal to that of the fastest commercially built scalers in common use.
This resolving timo is approximately 0.1 usec lfor the Hewlett- Packard
Model-529 prescaler. .v

*Work done under the auspices of the U, S. Atomic Energy Commission.
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. CIRCUIT DESCRIPTION |
The main elements of the discriminator are shown in the block
diagram, Fig. 1. The compilete circuit diagram is seen in Fig. 2. Three
units of this kind are assembled on a single rack for compactne@. Each
unit produces two outﬁmts éesignated as (1) fast, and (2) slow, which are
used to drive the 10-Mc ptéacalers or the standard microsecond-resolution
scalers. |
| The input atage uses an E180F asa si:uht-compepaated linear
amplifier having & fized gain of 3.5 with a riec time of 6 mpsec. The
terminal input impedance is 125 ohma to provide 2 matcia to RG-63/ U'cahle.
This ciréuﬂ.t is placed before the diede discriminator to give sufficient
.amplification of input signals té increase di‘;“‘sc‘i'i,minator- procision and .
minimize the effects of uncertainty due t:a the lack of abruptnessa of the
diede break characteristic. | |
The dﬁscrimmor stage is a series voltage~-comparater circuit
using & Gl1l1A diode. The reference voltage is obtaihed from & bleeder
netwofk across the minus-105-v bias line. Two petentiometers are provided
for varying thie voltage, (a) a front-pancl control labeled "DISC' end
() a rear control to initially equelize the diacriminatoi- level of all three
channels. In order to minimize fhe effects of pulses feeding through the
diode shunt capacitance, an RC neutralizing network is included.
‘The output from the comparator circuit could be ueed directly to
trigger the EFP60 secondary emibaién univibrator, but the voltage at
this point is of the same 'ordér‘as the inherent instability level of the
EFP60. Two cascaded 6485 tubes are ueed with a combined gain of 60
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toprovide an amplified signal substantially higher than the threahold level
of the univibrator. The instability level of the EFP60 is now a small
percentage §f the triggering voltage, thus adding to the over-all stability
of this unit. .

The univibrator stage consists of an EFP60 tube to provide
standardized pulses for driving a lO-Mc prescaler. The amplitude and
shape of the output pulse are vdetern‘ﬁned by the plate-to-cathode feedback
loop. 2 The pulee is initiated by the application of a trigger from the
amplifier stage and terminated after one-half the period of the critically
damped resonant circuit in the plate. The output is taken from the dynode
and should have a terminal impedance of 125 ohms at the input of the
prescaler. Dynode voltage is stabilized through use of an OB2. The ’
grid-hias voltage for the EFP60 is sufficient to prevent self-oscillation
and also double pulsing from output overioa:.d-. Diodes placed across
the grid and c;athode resistors substantially reduce 'elemént-voltage change
due to high duty cycle. The fast output pulse is shown in Fig. 3(a).

In order for the fast output to drive a conventional slow-speed
scaler, a stretching and amplifying éircwit is ueed to give an output pulse
with longer duration and greater amplitude. Thesge circuite may be energized
by application of B+ voltage from the front-panel switch labeled
"FAST-SLOW", The fast output is then applied through an isolating resistor
te a diode pulsé u*retcher in the grid circuit &f the slow-output ampuﬁer.
The two halves of a 5687 are used in cascade to amplify the stretched

pulse to form the slow output shown in Fig. 3(b). |



-6- | UCRL-8569 (Rev.)
Il. PERFORMANCE TESTS |

The operating characteristics of this circuit were tested in various
ways to determine the following properties:

(a) The long-term stability of the discriminator level.

(b) The discriminator level as a function of the input pulse widths.

(¢} The discriminator 'legrel as a function of the time interval
between two pul.s'es.

The results of these tests are seen in Figs. 4-6. Frém these
graphe it can be seen that the circuit operatee reliably for input pulses
of approximately 10'8 sec and has a resolving time of approximately |
1.0;(10'7 sec. For some applications, the delay time and '"jitter'' time
in the fast pulee must be known. These timee were measured at a
discrimination level of 0.5 volt;' the delay time is 30 mpsec. The jitter

time ie less than 1.0 musec when measured with input pulees 0.1 volt higher

than the tri‘ggering level, which ie 0.5 volt.
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Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

Fig, 5.

Fig. 6.

LEGENDS
Block diagi-am.

Circuit diagram.

{a) Fast output puise, (b) Slow output pulse.

lLong-term stability of the discriminator level.
Discriminator level as a function of input pulse widthe.

Discriminator level as a function of the time interval between pulses.
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