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A single channel pulse-height analyzer with a dead time of
about 0.15 usec is described. The channel width is determ-
ined by the passive characteristics of a delay line and is a

1. Introduction

The need for fast and drift-free pulse-height
analyzers in nuclear physics hardly requires to
be stressed: conventional forms of single
channel discriminators’~%) wusually resort to
‘kicksorting” : i.e. two threshold discriminators
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constant percentage of the discriminator setting. An_
important feature of the device is a paralysis cu'cuzt
Circuit diagrams and calibration curves are given.

followed by an anti-coincidence, while, 0_,,

course, defining channel width by means of a.

o

standard pulse is also widely employed®-8).

The present analyzer differs radically from
the above mentioned ones and is a developmentj
of the ideas set forth in a recent article?): the:
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Fig. 11

t The abbreviation PHALCO on the headings is short
for: Pulse Height Analyzer with Line Coding.
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incoming pulse is attenuated and delayed by a
matched length of line: both the original pulse
and the delayed one are injected into a threshold
discriminator: this means that for every input
pulse, two pulses are fed to the discriminator
at different times: the first pulse of amplitude
V, at a time £ =0, the second of amplitude
Voexp (—«L) at a time T =7, where 7 and
yL denote delay and attenuation respectively.
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Fig 3

If we denote the discriminator bias by V7, the
discriminator will trigger

twice if ¥V, < Vo exp (—yL) < Vo
once if Vo exp {(—yL) <V, < Ty
never if Vo exp(—yL) <V <V,

In other words, every time the discrim-
inator fired only once we know that the in-
put pulse had an amplitude ¥V such that
Vi< Vy<Vyexp (—yL). Subsequent circuitry
is designed to give an output pulse if, and only
if, the discriminator fired only once.

2. Circuit Description

The block diagram of the analyzer is shown in
fig. 1. Its operation may be summarized as
follows: an input pulse reaching IN is cathode

A, ALBERIGI-QUARANTA, C. BERNARDINI, C. INFANTE AND 1. F. QUERCIA

foliowed and delayed reaching the thresh
discriminator and is also branched throug
variable-gain C.F. so as to control the chann,
width and again injected in the discriminato
two pulse thus reach the discriminator :;
outlined previously. The discriminator output
fed to an anti-coincidence circuit both direct]
and through a delay 7. This insures an outp
pulse from the coincidence at a time 7 after tf
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Fig. 4

last pulse coming from the discriminator; ie.
the discriminator does not trigger there is
pulse in A, if the discriminator triggers once
pulse appears in A a time 7 after the inp
pulse; finally, if the discriminator fired twice
pulse appears in A at time 27.

Neglecting the paralysis circuit for ]
moment, one sees that the input pulse is al
cathode followed, amplified, shaped and d
layed by 7 before it is injected in the coinc
dence input (point B). The coincidence wt
therefore preduce an output pulse only if t
discriminator triggered only once producing
pulse injected at the input A at time 7. T
coincidence (resolving power is about 10 muse
output is shaped again before being allowed
reach the output terminals.
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An important feature of this circuit is a
“paralysis” device which shuts the analyzer off
during its dead time (about 0.15 usec). This
'proves useful in analyzing random pulses
pecause the discriminator might not be able to
differentiate between an artificially delayed
‘pulse and a second input pulse occurring soon
after the first one. Accurate knowledge of
‘dead time is also of help in making theo-
‘retical corrections. Paralysis is introduced in
the nonlinear channel by V¢ in the following
manner: positive pulses coming from the dy-
‘node of V4 are stretched, cathode followed,
delayed and inverted by V,, and subsequently
‘applied to the grid of V,: the latter is thus
kept well below cut-off during dead-time and
consequently will not respond to any further
input pulse.

The complete diagram of the discriminator is
shown in fig. 2.

19 N. F. Moody, G. J. R. MacLusky and M. O. Deighton,
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3. Performance

As a threshold discriminator, the Moody
circuit®®) was found to give stable and reliable
operation: the linearity of the single-channel
discriminator is evident from the calibration
curves, {figs. 3-4) where one can also see that
the fractional channel width of the analyzer is
constant as was shown in¥),

Drift of the discriminator threshold was about
0.1V, while drift in channel width was much
smaller than this figure. Dependence in pulse
shape and rise time are slight, while calibration
of the single-channel analyzer does depend on
pulse duration between 10 and 100 mps as
evidenced by the calibration curves. The
analyzer as a whole is, of course only as good as
its threshold discriminator; the same principle
of operation could be used to build a faster
analyzer as soon as faster threshold discrimina-
tors become available. |

Elec. Engng. 24 (1952) 214.



