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A FAST 20~CHAWNEL PULSE HEIGHT ANALYZER EMPLOYING LINE CODING

Introduction

The problem of multi-channel analyzecrs to be used in con-—
Junction with pulged accelerators becomes more challenging and
intriguing as time goés by. Apart from the usual requirements
of channel stabili+ty and overall reliability, low resclving ti
mes are also necocsggaryv. It ie the aim of this work to present
an analyzer posessing the absence of drift usually encountered
in much slower amplitude~to-time converters, coupled with
speeds usually obitained only with t'stacked discriminators! de-
signs,

The basic idea of tho analyzer has appeared in the Iittera

(2)

If a pulse is injectod into an open circuited delay line,

ture some time ago and is summarized in fig.ls.

multiple reflectlons occur resulting in a ftrain of equally

gpaced amglitude~decreasing pulses, Hence if thisg pulse train

(1)
(2)
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is fed %o an integral discriminator, the nunmber of discriming

tor output pulses obtained will depend or the amplitude of
the criginal pulse. Single-channel analyzers employing this
principle have already becn buili using vacuun tubes(B) or
transistors(%). A multi-channel device based on the above
principles has also boen built elsewher@<5).

The analyzer about to be described employs 20 channels
with an overall dead +4ime of $the order of 3 psec, Channel width
is of course quite stable since it is mainly deternined by the

atfenuation characteristics of the delay line, a passive device.

Block disgdram of pulse height analyzmer

The block diagram of the analygzger is shobwn dn fig.Z2 and
its idealized waveforms in fig.3.

Input pulses are gatad and amplified and then branch out
to a fast trigger and to the line coder whexe the pulsc train
is formeds Digcriminator output is fed to an anticoincidence
both directly and through a delay 77 equal to the spacing be-
tween pulses in the pulsge train.Inspection of fig.3 shows that
this ensures the selection of the last pulse in each irain.
This 'last pulset! is compared with the pulse géneraked by the
fast trigger that has been delayed by successive steps (all
equal to 7° ). Channel sclection is thus accomplished by co-
incidence circuits. Pinally the paralysis generabor prevents
input pulses from rcaching the delay line coder while an in-
put pulse is beling analyzed.

RG-63U, 1250, coaxial cable i1s used cxiensively in the

"fast! part of the analyser {i.e. in the delay line coder and

(3)

L.Alberigi Quaranta, C.Bernardini, C.Infante, I.F,Quercia:
Nuel, Inetr, and Meth., 5, 120 (1959)

(4) AJAdlberigi Quaranta, B.Highini: Tn course of pubblication.

(5) . .

“Akimov, A.S.Kusnetzovs .Joint Ingt. for Iuclcar :Re-—

search; Dubna, Report R=436 (1959),
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in all %the circuits up to the fasgt trigger and the LPT circuit).
In the !slow! part {iio. in the tije=to=-channel selection cir-
cuits) 1 kL delay Iiné is used, due fto its greater delay per

unit length (0.1 pséd/m).

Circuit doscriptiﬁn

a) Linear Ga%é (see fig.4)

It consists of a semiconductor diode drawing heavily through
tube V2 and thoreby short cirvcuiting input pulses. A positive
pulse applied to the grid of V1 turns V2 and its associgted
diode off, allowing input pulses to reach the outpubt. Pedestal
igs a fow tenths of a volt in amplitude, while non linearity is
guite small (% 25% up to 6 volts) and is linmited by dicde

backward characteristics.

b) Amplifier (sce fig.5)
The amplifier is a conventional constant-k distributed

(6)

degign employing 8 power tubes ensuring a T 30V linear swing
on a 125 .0 load. Gain is about 6 (16 db) while rige time is
about 3 nscc. Gain stability is ensured through a large amount
of D.C. fecdback (feedback factor is about 3) and through use

of gtabilized filament supply.

¢) Delay Line Coder (see fig.6)

The input diode separates the preceding circuit (with its
associated low output impedance) from the coding cablc.Pulses
in ecach train are cathode followed, c¢lipped by a shortod stub
and again cathode followed. A semiconductor diode S570C 1s

added to clip undesirable undershoots,

P ,
(6) B,L.Ginzton, W.R.Hewlett, J.H.Jasborg and J.D.Noes: Proa.
Ire, 36, 956 (1948)
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d) Digeriminator (seec fig.7)

As the input~to-output delay of the discriminator must be
constant o ensure satisfactory operation of the following cirx
cuits, a discriminator employing a distributsd amplifier &
the pulse sghaping clement was chosen(7)‘ This allows pulses sg

parated by 0.1 psce to be handled with relative easo (discriw

ninator dead time is lessg than 25 nsacs

) LeP.T. {Lagt Pulsc Trigg@r)

This circuit is a conveniional anti-coincidence Whise in=~
puts are suitably delayed: the ciftuit is derived from +the
(&)

well-known Garwin coincidence circuit with obvious modifi-

¢cationg aund is shown in fig.8,

f) Fast Trigger {(sece £ig.9)

Once again the requirements on input~fto-out delay were such
{(i.0. the &elay should not be a function of pulse height) as to

(9)_

prohibit the use of regencrative trigger ocircuits . Since the
speed of the device was not so important as in the case of the
digcriminator, conventional R—=C amplificr stages were uscd. The
device gives constant output for input pulses ranging from 0,2

t0- 80V in amplitude.

g) Decoder (Delays and coincidence units)

As mentioned before in the 'slow! part of the analyzer HFK
5614 delay lines are uscd to generate suitadle delays.

The coincidence circuits have been designed so as 1o employ
a minimum numbher of tubes and of standby current, the posiitive

pulse generated by the fast trigger travels down the delay lines

(1) C.,Infantes: in course of pubblication on Nucl.Instr.and Meth.

(8)

R.L.Garwint Rev. Sci., Instr., 24, 618 (1953)

(9) J.Meys L'onde electrique, 38, 622 {1958)
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and is repcatedly cathode Followed (sce Ffig.t0), By itmelf it
can net have any ce¢ffect due *to the limiting action of semi-
conductor diode S5570G hiased by cathode follower V2, A negative
pulse from the LPT circuit turas V1 and all the diodes off.
It is thereforec necegsgary that itwo pulses be pressnt (e.g. at
the grid of V3 and at the cathode of its associated diode)
before an output may be produced {at terminal U1).

Tacuur tubes V23 + V42 are used to cut off non coincident
pulsges and %o amplify and invert the pulses so as to drive the

output scalers.

h) Paralysis Generator (see fig.itl)

Upon receipt of an external gating sigral this circult
clears the linear gabte for a time equal to the duration of the
signal itself, then effectively dlocks the linear gate for a
time equal %0 %ho analymer dead timo (3 psec). This is donc
with an anticoincidence circuit fed by a monostable multl and
by the gating signal. The monostable is triggered by the

analyzer's fast trigger and inhibite gating signals  from

resching the linear gate for the duration of its quasi-stable

[}

state, Thig circuit employs a secondary emission tube (V2)
normally biased well below ocut off with a leangth of delay
line (Hackethal HH 2500) as the pulse shaping element. Thisg
ensures an cxcellent stability of the pulse duration and a
very low recovery time {about 0.2 psec).

The anticoincidence is a conventional difference amplifier

Performance

The tests and performance figures to be stated are only
preliminary and are therefore not to be taken as definitos
they may be taken however as indicative of circult perfor-—

HAance .
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The fig.12 shows the calibration curve of the analyzer,
taken with 25 nsec pulses generated by a mercury reclay gene-
rator,

It is guite evident that channel width is not constant
but varies logarithmically with channel pogition. This may be
an advantage in certain cases (eoeg. it allows detailed cxaw
nination of & part of a spectrum) but renders certain calcu-
lations neccssary in going from channel contenis to spectrum,
Specifically it is necessary to divide the number of pulsce
counted by each channel by a number proportional to channel
width so that a flat spectrum is reproduced as a flat graph.
Thege calculations could of course be donc automatically by
suitably proccessing cach channel's data.

The fig.13 shows a spectirum plotited with this fechnigue.
Inserting suitable attenuators the peak of the gpectrum was
noved toc the lower channels thereby showing greater detall,

Fig.14 shows the same spectrum taken at different Times.
It is apparent that the pogition of the peak of the specitrum
changed by only one channel.

Tinally fig.15 shows the dependence of anselyzer calibra-
tion on input pulse width, -

The errors intreduced for very short pulses are probably
duc to the oxcessive length of the ghorting stub in the delay
line coder, to pulse deterioration effects in the coder itself

and to ballistic effects in the digcriminator.
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