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¢. Infante: PULSE HEIGHT DISCRIMINATOR EBMPLOYING DISTRI=
BUTED AMPLIFICATION,

Sunmary

An integral pulse-height discriminator employing
distributed amplification is proposed. The discriminator
accepts 0,5 — 12 volts positive input pulses with a maxi
mum repetition rate in excess of 20 me. Dead time is less
than 25 mpscc and threshold uncertainty is 30 nmV, The cir
cuit uscs 20 vacuum=itubes in an arrangoment belisved to

he new.

Introduction:

The problem of fast integral discriminators has
received'cﬁnsiderable attention in recent literature (1),
(2), (3): this is due mainly to the inadequatences of ol
der fast discriminators (e.g. those employing secondary

emission type tubes (4) ) and to the increasing trend to-

(1) - F.J.M. Farleyt Rev, Sci. Instr. 29, 595, (1958)

(2) = T, Mey: Rev. Soi. Instr. 30, 282, (1959)

(3) -~ D.¥. 8wift and V. Porez-Mendesz: Rev. Sci. Insir.
30, 1004, (1959) :

(4} = ¥.Fe. Moody; GeJ«R. UcLusky and M.0. Deightont Elect.
Bng. 24, 214, {1952).



wards fast circuitry in conjunciion with high-intensity
pulsed accelerators. Instantaneous counting rates expe=-
riepced with these machines may casily be as high as 107
pps: in other words speed ig at 2 premium. It often turns
out that the resolving time of the discriminator ig the
1imitipg factor in the specd of an electronic couniing
systom: the dead +ime of a typical fast coincidence iz
cuit may be as low as 5 mpsec (5), while the resolving
time of the digcriminator following it is more often in
the 0,1 psec range (2).

With these Tacts in mind the design of the prg
sent digcriminator was undertakon: the apparatus is bul=-
ky and expensive, difficult to align and to repair, butl
its performance ig so superior to the abovementioned cix
cuits that the effort was deemed worthwhile.

The principles and operation of distributed am-~
plifiers have been known for some while (6), (7), their
mein advantage being in the very large gain-bandwidth
products availables: this would make them ideally suited
for fest trigger circuits, except than ftheir large inhg
rent dolay makes them vscless in regenerative~type cir-
cuits (8). In the prescnt application a distributed am-—
plificr is employed +to amplify the signals coming from
a diodc comparators the amplified signal is sufficient
to turn a vacuum tube off, thus producing a signal of
constant amplitude. If the gain of the amplifie is lar

ge cnough, the threshold uncertainty will be reduced %o

(5) U. Pellegrini,B.Rispoli and A.Serra: N, Cim, Ser.X,
9, 17t, 1359,

{6) B.L. Ginzton, W.R. Hewlett, J.H, Jasberg and J.D. Noe:
Proc, I.,R.B.: 36, 956, (1948)

8,

P

(7) W.H,Horton, J.H.Jagberg-and J.D.Noe: Proc. IRE,
748, (1950)

(8) u, Brown: Rev, Sci, Imstr. : 30, 169, (1959)
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an acceptably low valuc (in the prescnt case about 30 mV).
The princige outlincd above {i.c. that of straightforward
amplification without positive feedback) while giving up
the zdvantages of positive feedback (e.g. that of very
large gains with few tubcs) provides one imporiant advan
tage in that the delay of input-to-output is not a func-
tion of pulsc height., It is a well-known fact (9) that a
ny positive feedback circuit with a threshold VS inirodu
ceg a delay that depends on much the input exceeds Vg.
Strictly speaking a regencrative triggered dovice may be
throught of as an amplifier and a positivoedfeedback loop
containing a non-lincar clecment such as a diode or a vz
cuum tube at or near cutoff. If one employs piecce-wise
linear approximation of the non-linecar element by postn
lating thaet its transfer Tunction 1s szero for signals
lying helow the threshoeld and unity for gignals lying a-—
bove i%, onc can easily show that the timc T nccossary
for the output voltage to recach & sgpecified value V is

given by

- v
7= ng'ém-g*qkél

whoere F and & denote loop gain and delay rospectively,
while & is the portion of the input pulse excceding

the throshold,

The discriminator consists of three parts: a com
parator circuit, a distributed anmplifier and an cuiput
or pulsc—sghaping circuit (fig. 1).
The comparator is of the differential—amplifier=derived

type as proposed by J. Mey (2) with a few modifications

(9) = J. Mey: L'onde elécirique 38, 622, (1958)
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which consist cossentially in tho usc of low=capacitance
pentodes instead of triodes and in the use of limiting
diodes DB and 34. Usc of pontodes ingtecad of triocdes brings
the gain—-bandwidth product beltween grid of V4 and plate
of V, from 24 for the Mey circuit %o 40 Mc/sec for the
present cirouit. Use of high-speed diodes D3 and D4 (10}
was made nccessary to avoid overloading the following am
plifier: limiting action i8 quite sharp and takes placo
at about 0.4 volts amplituvde. The ecircuit diagram of the
comparator is given in fig., 2: it should be borne in mind
that the cffective plate impedence 'seen’ by Vo is the
grid-line impedance of the distributed amplifier, i.c.
15C ohms.,

The digtributcd amplificr ig made up of fouvr i-
dentical stages onc of whidéh is shown in fig. 33 grid and
plate~line impedances are 150 ohms, whilc total gain and
rigc time are x 150 (43 dB) and 5 mpsec respectively. A
lignment had to bo of course quite accurate to avoid dou
ble pulsing.

The ﬂiagram of #r pulse~ghaping circuit ig gi-
ven in fig. 4

Diode Dg (11) climinatcs small rcflections and
nolsc coming from the amplifier and is biasged by cathode
followor VTBa: the other half of V48 provides a low im—
pedance dsc. source for the screen grids of tubes V47 and

v A positive pulge coming from the amplifier makes Va7

20°*
conduct strongly, thus turniang V19 off, and allowing a
congstant—ampliftude positive pulse to reach output ftermi-~
nels. Vop in turn is switched on, fthereby producing a
standard negative pulsc, Both positive and negative out

put arce 2 voltsg in amplitude when tTermincted in 125 ohmes

i

(10) = made by Qu~Tronic Scmiconductor Corp.
(11) = Made by Transitron Elcecironic Corp.
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c+8e the Tormer for itriggering fast scalers (12}, the
latter for coincidonce work. The output pulse duration

is dependent mainly on the duration of the input signal:
due to rige-time detcorioration, minimum pulse-width at
full amplitude is of the order of 10 mpseconds. A larger
glower output pulse is also available for triggering slow

gcalers when output A is untoerminasted.

Porformance

Ths threshold linesarity in the useful range of
0.5 to 12 volts is better than 3% for pulses whosce dura
tion lies botwecn 10 and 100 mpuscconds as evidenced by
fige 5 Tho lowor limit is duo to uncertainity in diode
broak=point; while the upper iimit (due to diode broak-—
down) ig ample considering the dynamic range of proscnt-
—day photo~muliipliers and fast amplifiers. With 25 muscc
rectangular pulses the absolute value of the threshold
incrcages by 15 mV, while with 10 nmpsec pulses the abso~
Iute value increcases by 0.3 volts maximum. The resclving
time is less than 25 mpscc, in the seonse that two 10 mpsec
rectangular pulses, 25 mpusce apart are handled indepen=-
dently with no lossg in accuracy or in threshold defini-
tions The digoriminator has boen triggored at repotition
rates as high as 20 Mc without threshold variations hi-
gher than 0.1 volts, 20 Mc is the 1limit of available pul
so generators (13), (14}, (15), but probably still below
the 1imit of the digcriminator, Thoe dolay beiwoon input

and output ig of about 40 mpusecc and deoes not change by

(12) = The 40 Mc scslor described by M, Nakamura (Rov,
Sci. Instr. 28, 1015, (1957) ) will trigger with
a 2 V pulscs.

(13) = C.C. Cutler: Proc. IRE 43, 140, (1955)

(14) =~ U, Pollogrini: N, Cim. Ser., X, 9; 533, (1958)

(15) = H, Nakamura: Rev. Sci. Instz. 30, 778, (1959)
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6.

more than 2 npsec as the input exceeds the threshoeld by
0.03 to 10 volts. Long term (8 hrs) drift was found to be

about 20 nVv,

Conclusion

The proposed circuit is novel in the sense
that it employs distributed amplification and no positim
ve feedback in an integral discriminator. Although it u~
ses a large number of fubes (twonty) it is felt that in-
gtances may arise in which its superior porformance as rg
gards to speed may outweigh the disadvantages of added
cost and complexity. An examploc of this could be a recen
t1ly proposcd multichannel analyzer (16) cmploying only
one discrininator and whose total dead time ig equal to
the digcrininator dead time multiplied by the number of

channels.
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