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ABSTRACT 

UCRL-8569 

A discriminator circuit for use with millimicrosecond counting 

equipment is described hereo The main characteristics of this unit are 

its good response to pulses as short as 3 millimicroseconds and the fast 

recovery time which is less than 0015 microseeo 
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I. INTRODUCTION 
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A discriminator device is a necessary element in most electronic 

counting arrangements in order to determine the voltage level at which 

pulses are fed to the recording device. Standard discriminator circuits 

with good stability are in. common use for circuits operating in the micro-

d 
. l 

secon reg1on. 

The requirements on discriminators operating in the millimicrosecond 

(m!J.sec) region are even more exacting. In addition to good stability per

formance they are often required to have comparably short resolving times 

in order to make full use of theHspeed 01 towards which millimicrosecond 

circuitry is developing. 

The discriminator described here was designed with these two 

requirements in mind. Since the output voltages of the ''fast" coincidence 

ci_rcuits in current use at UCRL are less than 1 volt, these units have 

been designed to operate at this input level and to have a resolving time 

equal to that of the fast~st scalers in common use. This resolving time 

is approximately 0.1 !J.Sec for the Hewlett-Packard Mod.el- 520 pre scaler. 

II. CIRCUIT DESCRIPTION 

The main elements of the discriminator are shown in the block 

diagram, Fig. l. The complete circuit diagram is seen in Fig. 2. Three 

units of this kind are assembled on a single rack for compactness. Each 

unit produces 2 outputs designated as (1) fast, and (2} slow, which are used 

to drive the Hewlett-Packar~ prescalers or the standard UCRL scalers. 

The input stage uses an El80F as a shunt- compensated linear 

amplifier having a fixed gain of 3. 5 with a rise time of 6 m1-1sec. The 

terminal input impedance is 125 ohms to provide a match to RG-63/U cable. 
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Fig. 1. Block diagram. 
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This circuit is placed before the diode discriminator to give sufficient 

amplification of input signals to increase discriminator precision and 

minimize the effects of uncertainty due to the lack of abruptness of the 

diode bre<+k characteristic. 

The discriminator stage is a series voltage-comparator circuit 

using a GlllA diode. The reference voltage is obtained from a bleeder 

network across the minus 105v bias line. Two potentiometers are provided 

for varying this voltage,- (1) a front-panel control labeled "DISC" and (2} 

a rear control to initially equalize the di.scriminator· level of all three 
- . 

channels. In order to minimize -the effects of pulses feeding through the 

diode shunt capacitance.. an RG neutralizing network is included. 

The output from the comparat-or circuit could be used directly to 

trigger the EFP6_o- secondary :emission univibrator, but the voltage at this 

point is of the same ~rd~r as the. inherent instability level of the EFP60. 

Two cascaded 61.85 tubes· are·used with a combined gain of 60 to provide an 

amplified signal subst~ntiallyhigher than the threshold level of the univibrator. 

The instability level of the EFP60 is now a small percentage of the trigger~. 

ing voltage, thus adding to th~ over-aU stability of this unit. 

The univibrator stage consists of an EFP60 tube to provide standardiz-ed 

pulses for driving the "Hewlett- Packard" 520A prescaler. The amplitude 

and shape of the output pulse is determined by· the plate-to-cathode feed-
2 

back loop. . The pulse is 1 nitiated by the application of a trigger from the 

amp~ifier 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 ofan OBZ. The grid 

bias voltage for the EFP60 is sufficient to prevent self-oscillation and also 

·double pulsing from output overload. Diodes placed a.cross the grid and 

cathode resistors substantially red14ce element-voltage change due to 

high duty cycle. The fast output pulse is shown in Fig. 3(a), 

In order to drive a conventional slow-speed. scaler, the fast output is 

applied to a stretching and amplifying circuit to give an output pulse with 

longer duration and greater amplitude. These circui,ts may be energized, 

by application of B+ vo1tage from the front--panel switch labeled "FAST-SLOW". 
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Fig. 3. (a) Fast output pulse. (b) Slow output pulse. 
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The fast output is then applied through an isolating resistor to a diode 

pulse stretcher in the grid circuit of the slow output amplifier .. The two 

halves of a 5687 are used in cascade to amplify the stretched pulse to 

form the slow output as shown in Fig. 3{b). 

III. PERFORMANCE TESTS 

The operating characteristics of thi.s circuit were tested in various 

ways to deter.mine the following properties: 

(a) The long -term stability of the discriminator leveL 

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

(c) The discriminator level as a function of the,tirne interval hetween 

two pulses. 

The results of these tests are seen in Figs. 3-6. From these graphs 

it can be seen that the circuit operates reliably for input pulses of 

· 1 o- 8 o- 7 
approx1mate y 1 sec and has a resolving time of approximately 1.5 X 1 

sec. For some applications, the delay time and "jitter 11 time in the fast 

pulse must be knownt. These times were measured at for a discrimination 

level of 0.5 volt; the delay time is 30 mf.Lsec. The ''jitter" time is less than 

1.0 mf.Lsec when measured with input pulses 0.1 volt higher than the triggering 

level of 0. 5 volt. 

Input: 

Fast 
Output: 

Slow 
Output: 

IV. SPECIFICATIONS 

Impedance: 

Amplitude: 

Pulse Width: 

Impedance: 

Amplitude: 

Width: 

Rise time: 

Impecla.nce: 

Amplitude: 

125-ohm resistive 

min. -0.1 v 

max. -1.0 v 

min. 8 mf.Lsec 

max. 40 mf.Lsec 

125 ohms (when terminated) 

+ 10 v 

30 mfl.sec 

8 mfJ.SeC 

1000 ohms capacitive 

+40 v 
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Fig. 4. Long-term stability of the discriminator level. 
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Fig. 5. Discriminator level as a function of input 
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Fig. 6. Discriminator level as a function of the time 
interval between pulses .. 
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Time: 

Input 
Power: 
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Width: Triangular, 1 !J.Sec at base line 

Rise time: 0.1 !J.Sec 

Fast channel: 2 pulses, 150 m!J.sec 

Slow channel: 2 pulses, 1 !J.Sec. 

117vac at 1.4amp 

+300vdc at 40 ma per channel 

-105vdc at 7 ma per channel 
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