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ABSTRACT

A pulse-height diacriminator has been developed which is capable of
operating at repetition rates up to 10 Mc/sec. It accepts positive input pulses
with a threshold adjﬁstable from 1 to llv. The output signal is of constant ahape.

and amplitude. Tﬁ_e circuit is described and test results are given,
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INTRODUCTION

In counting experiments with high-energy particle accelerators, the require-
:meni has arisen for circuits capaBle of high repetiﬁon rates. In the use of pulse-
amplitude discriminatorsit is important that the circuit maintainga constant input |
threshold and outbut pulse shape for wide variations of the input duty factor. The
circuit deecf;ibed here is primarily intended to embody these features and to

opérate from tﬁe signals of—coiaci&ence circuits. The vdiscrlminator uses reiiable
long-lﬂe tubes; it has been designe@ito achieve good threshold stability for long
?eriode and for repetition-rate variations from 0 to 10 Mé/ sec. The complete

cirénit ie shown in Fig. 1. It consists of a threshold amplifier (V1A,V1B,V2), a
| trigger‘circuit (V4A, VﬁaB) and a cathode-follower output circuit (V5A, V5B).

/ | o | THRESHOLD AMPLIFIER
"'/ : ) The threshold amplifier is derived from the conventional difference

| éunpliﬁer. The @iode D1 which introduces a nonlinear coupling between cathodes
< ;i-mproves the discrimifnator linearity by sharpening the lower knee of the transfer

AL
characteristic. It also increases the speed and the stability, because/tubes are

| ‘Th‘is work was done {i_nder the auspices of the U.8. Atomic Energy Commission.

A tOn leave frorb the Centre d'Etudes Nucl@aires de Saclay (France),
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both conducting in the quieacient state and the circuit is highly degenerative.
The fe_edthrough due to the dio‘de capacitance and to stray capacitances between
cathodes is neutralized by the circuit employing tube V2. The signal threshold
is adjusted by varying the grid blas on tubs V1A. |

TRIGGER CIRCUIT

The trigger circuit is a two-~stage amplifier with a positive-feedback loop
through a capacitance (GB) and a nonlinear device (semiconductor diode D5)
presenting a high impedance in the quiescient state in order to insure stability.

The output sfignal is shaped by meaﬁs of a regonant circuit. The tubes VA q
and V4B are in series for the direct-current path. This m-rangementl allows one to
use direct-current coupling through the diode D5 and increases the stability. At rest,
the tubes are ibot‘ﬁ donducting in a region of high transconductance. The positive
pulse coming from the threshold amplifier is fed through diode D2 to the grid of
V4B and increases the current in this tube. When the anode potential of V4B
is lowered enough to get DS to conduct, the gain of the feedback loop becomes -
greater than 1, and the circuit is regenerative. Tube V4A is then driven to cut-off,
while V%B becomes highly conductive, The cathode follower, V6, supplies the
current to V4B and maintains the cathode potential of V4A at a constant value, The
positive half wave of the resonant circuit is critically damped through diode D7, |
which is required to offer fast switching capabilities. The grid bias of tube V4A
is stabilized by using the forward characteristic of silicon diodes D8 and D9. The
recovery speed of the circuit is helped by the use of crystals with low forward
impedance. |

' The positive output signal at the plate of V4B is applied to a cathode
| followesr (V5A, V58B), which provides a low output impedance (120 ohms) and
avoids any loading effect of external circuitry on the trigger.

The waveforms at different points of the circuit are represeated in Fig, 2.

1 w ¢. Davidon and R.B. Frank, Rev. Sci. Instr. 27, 15 (1956),



B © UCRL-8540

PERFORMANCE
Li’nea;ri'ty of the Th‘reshold

The threshold linaarity in the uscful range of 1 to 11 volte is better than
l%for pulaes longer than 50 nsec(hhec-l Oze¢c) With 25-nsec pulses the lineaﬂty
" is at least 2% but the abaolute value increases by 0.1 velt., With 10-nsec |
rectangular pulsee. tha error in linearity is 20% at the lowest. value, decraaaea
continuously to 1% at 0.2 of the range, and remains 1owe‘r' than 1% for the rest.

Howover the absolute value is increased by 1.25 volts.

Resolution Time

The resolution time for two input p‘ul‘seé is characterized by the curves
oi’ Fig. 3, which gives the variiat.iom of the tbreshold for the second of two input
pulees versus the separation between th‘ése:p\'ﬂ‘seé.- The test has been made in
the two cases in which the amplitude of the firet pulse exceeds the threshold by
0.1 volt and 1 voit. ,

The circuit is capable of being triggered at a continuous rate ag high as
11 Mc/sec. It responds to pulses 0.1 pueec apart oecuring in burats having a duration -
of several psec and a repetition rate of 100 cps without threshold variations higher

than 100 mv.

- Delay Time

The delay between corresponding input and cutput pulses taken at 50% of
the front edge varies by the amount by which the amplitude of the input signal
exceeds the threshold, as represented in Fig. 4. For example the delay time for

a pulse exceeding the threshold by 8.04 volt is 40 nsec.
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Thrcshold Stability -

‘The t.hr'esholii afabiiity has bisem teet"ed éant!huany for 165 hré After an
' ,..i',aging period of 35 hr the drlﬂz ef the average value of the threshold has been lets

o than 2 mv per hour. while the rapid variationi never exceeéed 25 mv. During

i : thu test the circuit was anpplied with l%regulated ﬁlament~ and anodo-aupply

o volta.gea.
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1. -Circuit for 10 Mc/i-éc-pulaeaamplitnde diaeriminafor.
2. Wavotoxmo ﬁ:t (a) in,put. (L) plate of VdB (c) grid of V4B, and (d) output.
Horiaontal calibration te 20 asec/division.
3. Double-pulse resoclution curves ahowing threshold variation ve. separation
0 betwoen puleeu. ‘.

4, Dalay time ior various increments of input-pulse amplitudo above threshold.
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Fig. 1. Circuit for 10 Mc/sec pulse-amplitude discriminator.
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Fig. 2. Waveforms of (a) input, (b) plate of V4B, (c) grid
of V4B, and (d) output. Horizontal calibration is 20
nsec/division.
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Fig. 3. Double-pulse resolution curves showing threshold
variation vs. separation 6 between pulses.
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Fig. 4. Delay time for various increments of input-pulse
amplitude above threshold.





