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The m ost usual circuits employed as filters in nuclear pulse amplifiers are analyzed in dififerent situations.

1. Introduction
It is known that for valves as well as for transistors, 

the noise can be represented as produced by two 
resistors placed at the input o f the amplifier, as 
indicated in fig. 1.

R sn depends fundamentally, on the input element 
o f the amplifier; instead R pn depends also on the 
detector1).

In accordance with this representation o f the noise, 
the total noise power-spectral density at the input, can 
be represented by the expression :

= 2 (kT/n) ÍRsn + l/(co2 Cj  Kpn)] .

Supposing tha t G(m) is the filter characteristic as a 
function o f  frequency, the total mean square noise 
voltage at the output will be :

KnT = 2 (kT/n) [Rsn + l/(co2 C f R pn)]\G(co)\2 dm.

I f  H  is the máximum valué o f the unit step response 
o f the filter, the peak amplitude at the output produced 
by a charge Q¡„ will be:

J-Omax  =  ( G i n / C f)  # •

It is understood that the effective noise charge is 
that charge which produces a peak voltage amplitude 
equal to  the rms valué o f  the noise:

Q .f f  = (CJH) ( ñ £ ) * .

This effective noise charge indicates the quality of 
the circuit and therefore our interest in minimizing it. 
The reduction of Qef[ may be obtained by means of 
the filter transfer function, G(to) and step function 
response ( //) .

The m ost usual circuits employed as filters are:
1. Simple integration and differentiation.
2. D ouble integration and simple differentiation.
3. Simple delay line shaping and simple integration. 
In this paper it is proposed to analyze the results

obtained with these circuits in different situations and 
to make evident their various advantages and disad- 
vantages.

2. Simple integration and differentiation
It is known that the best conditions are obtained 

when the integration and differentiation time constants 
are equal2). I f  t is the time constant we have the 
following expression for the effective charge:

<2eff =  e ( i  kT/n)* (Rsn C¡¡x + x/Rpn)* .

If  rop is the time constant that makes mínimum the
effective charge, we may write:

t op =  C, Rpn ( R J R  . (1)

F or the mínimum effective charge, we have the 
relation:

2e = e ( k T C t) H R J R pn)*. (2)

If  tp, resolution time, is the time taken by the 
response to  decay down to P  percentage o f its máximum 
response and k  = t j t we have3) :

100 k/P = e*-1 .

Curve (a) o f fig. 2 shows k  vs P.
A nother expression o f interest is the one o f  Qef[ 

when r <  Top (a condition that may result when for 
reasons o f resolution it is impossible to work with 
Top) ,  in this case:

g eff ^ e C t ( i  k T ) H R J x ) i . (3)



3. Double integration and simple differentiation
It is known that the optimum conditions are 

obtained when the two integration time constants are 
equal and when the relation between the differentiation 
constant and the integration one is equal4) to 1.06. 
As the difference is negligible the time constants may 
be taken as equal. Then we have:

rop = i K l C, R pn V3, (Ib)

Qeff.in = i e ( 3 ) ^ X 2 V C (, (2b)

e eff ^ i e K 3 C , ( R J ± .  (3b)

The resolution time defined as before is determined 
by the relation

}  (100 k 2/P) = ek~2 .

Curve (b) o f fig. 2 shows k  vs P.

4. Simple delay line shaping and simple integration
In this case the optimum condition4) is obtained 

when the relation between the delay and the inte­
gration constant is 1.036. As before it will be taken for 
the relation the valué 1 and the equivalent equations 
are:

rop =  (e—1 ) * K t Ct R pn, (le)

2 c =  [2 (e — l)*/{(e — 1) e*}] K 2 J e , ,  (2c)

Qeí( *  [2/{e (e -1 )}* ] K 3 C, ( R J *  . (3c)

F or this case the factor k  is given by the expression3) 

k = ln(100/P) +  l.

Curve (c) o f fig. 2 gives k  vs P.

T a b l e  l

Sum m ary o f com parative valúes.

Top Qelt min Qe ff k  for
h

K \ Ct J?pn K z ^ C t -^3 \/^?sn P  =  0.1
P  =  0.1, r  =  T0p

Simple integration 
Simple differentiation 1 1 1 10.2 10.2

Double integration 
Simple differentiation 0.578 0.894 0.68 12.5 7.22

Simple delay line shaping 
Simple integration 1.31 0.81 0.928 7.8 10.2

The expressions of interest for comparison with the 
other cases are: (1), (2) and (3), and therefore we may 
write them in the following form:

^op =  K i c < R pn> (la)

G e f f m i n  =  ^ 2  \¡' Q >  ( 2 a )

e eff ~  K 3 C, ( R J K  (3a)

where

K i  = (Ksn/Kpn)*; K 2 = e ( k T ) H R J R pn)*;

k 3 = c ( í  k m * .

Fig. 2. Percentage o f máximum response vs k.
a. Simple integration and differentiation.
b. Double integration and simple differentiation.
c. Simple delay line shaping and simple integration.



5. Conclusions
With the help of eq. (1), (2) and (3) describing the 

three cases once normalized, table 1 can be built. In 
this same table the factor k  for P = 0.1 and tp for 
P  =  0.1 and r  =  Top have also been represented.

lt is observed from the table that the simple delay 
line shaping and integration is the one that gives the 
mínimum Qe(( min.

With respect to QcU m¡n this delay line shaping 
method is 10% better than the double integration and 
simple differentiation. On the other hand the double 
integration and simple differentiation method is the 
one that behaves best with respect to the resolution 
time and the relation Qc(fICt. The improvement here 
is more pronounced.

As a conclusión it may be said that considering the 
small complication that one more integration repre- 
sents, a double integration should always be used 
instead o f a simple one and unless optimum resolution 
is o f greater interest (conditions permitting) the double 
integration and simple differentiation should be 
preferred to  the simple delay line and integration.
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