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. e propose and analyze two metheds for analog to digital con-
.ersion based on the digital “prevision™ of the incoming pulse
anplitude 1 order to obtain a good speed performance (with a
024 channel converter the expected conversion ume 15 4.2

1. Introduction

The purpose of this paper is to describe a method for
- conversion with a good speed performance and
mtrinsic statistical equalization of the channel width’).
The basic idea is to get a digital prevision of the final
value of the amplitude to be measured before analyzing
the pulse with conventional methods. Following this
way, the measurement is performed only on the differ-
ence between the input and the analog conversion of
the digital prevision (fig. 1).

Two ways may be followed to carry out a prevision
both taking an information from previously analyzed
pulses or from the same incoming pulse.

In the first case, the circuit that performs the previ-
ston, the “previsor’ would set the register of the ADC
on the most probable amplitude on the basis of the
previously analyzed amplitudes.

In the second case, one gets the information for the
prevision from the leading edge of the incoming pulse
or carrying out a parallel rough amplitude measure-
ment. We point out that this rough analysis is a rough
one in the sense that it has not to be precise.

2. First method of analysis

First we take into consideration the simple case of a
prevision performed on the basis of the previously
analyzed pulse amplitude. For clarity sake, let us think
of the incoming pulse amplitude to be little different to
that registered for the previous event; in this case the
“previsor” is the same ADC register that has not been
teset after any cycle of analysis.

nput | Digital Differential ADC.
~5 DAC 4 . s PO
previsor Amplifier Wilkinson type/

Fig. 1. Block diagram of the converter system.

usec). Moreover it is possible to obtain a very good differential
finearity by the intrinsic capability of two methods to perform a
statistical equalization of the channel width.

Now, let us briefly explain how the statistical equali-
zation of the channel width is intrinsically performed
(Autoequalization). In fact, the incoming amplitude is
measured as a difference whose subtractor is the
previously registered amplitude that generally is
different from pulse to pulse as for the same input pulse
amplitude.

The relative error of the channel width, W, of the
Digital to Analog Converter (DAC) in fig. 2 can be
evaluated as follows:

k ¢
W,=C"! ZO(SE+1”8i)Pt+.;C(8i+1_gi)Pi =

[
zc_12(8i+1—8i)Pi, (k=1,2-‘.c),
i=0

where
P; = the probability function that the event will
be in the i channel;

C = the total number of channels;

g; = the relative error of the /™ level which
defines the minimum boundary of the i*
channel;

&;.,—&; = the relative error of the width of the i™
channel.

Then, as ¥, is independent from 4, the differential
linearity of the system is theoretically unaffected by
DAC.

The channels of this sytem are equalized on different
numbers of the Wilkinson ADC channels; in fact, the
first and C'™ channels interest all the Wilkinson ADC
whereas, in the worst case, the JC™ channel interest
only $C channels of the Wilkinson ADC.

Let us now evaluate the time of analysis of the system.
Given two consecutive independent pulses X and Y of

* Work supported by CNR - (Patent no. 38649-A/67; August
1967).
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Fig. 2. Probability functions P; considered for conversion time
valuation (P*/Py = 10).

amplitude i, k (i,k =1,2...C) whose probability is
respectively P(i) and P(k). Let us consider the differ-
ence [k —i| = j, that has the following P*(j) probability
function:

PG)= S P() P(k)

k=1
ort
c
Y. P(s), for j=0,
s=1
P*(j)=]
Cc-j
2% P(s)P(s+j), forj=12.C—1.
L-—s:l

Being the Wilkinson ADC analysis time proportional
to the number of the channel in which the event is
registered, the expected value of the analysis time of our
system is

c-t
=T P(jJ.
=1

The expectation value of the analysis time of a con-
ventional Wilkinson ADC is
C
L=T Y PO):
i=

where T is the conversion time of one channel.

T To check the approximation of this formula for a finite number
of pulses, we have applied a Monte Carlo method for a 100
channels and 2x 108 total number of pulses. The approxi-
mation obtained is better than 10%.

N. ABBATTISTA ef al.

For a uniform probability P(7) function we ofy.

t, =3T(C*=1)/C~ ITC,
t, =3T(C+ 1)~ iTC,

then the value of the ratio #,/¢, is = 4.

We see that the analysis time is reduced applying r
method herein described. '

The ¢,/t, ratio depends generally on the total chay:
number and on the shape of the probability /-
function. The general case can be described referrmyg
the resulis obtained considering the probability funct;-
configuration reported in fig. 2.

We have considered a 100 channel analyzer and .
ratio between the peak and background probabil:,
equal to ten. The results shown in fig. 3 have bec
reported vs the number of the channels whose proi
ability is ten times the background moving as i,
arrows of fig. 2.

We note from fig. 3 that we have generally a redu.
tion of analysis time except in case (a) for a it
channel range (5 -+ 25) of the peak width. Furthermore,
the value of the ratio is not higher than 1.12 and we cu:.
report operatively this situation to case (b) by a simpi:
complementation of the j-difference value.
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Fig. 3. Time conversion ratio vs Ny = total number of the channe:
whose probability is P*.

The basic scheme of the system that is in progress. ©
shown in fig. 4.

The BR (bilateral register) is never reset so that onv
input of the AL differential amplifier is always fed 0
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Fig. 4. Block diagram of the first conversion system.

+1 to analog conversion of the last registered
=plitude. The absolute value of the difference
“ihe previously measured amplitude and that of
~aung pulse is analyzed by the ADC, while the
v sign controls the gates of the BR.

serential linearity of the system depends on the

n ADCand on DAC of the “previsor” but the
. wapability of the autoequalization reduces the
= abo in the actual realization when a finite
-~ ol pulses is coded.

~ad method of analysis

-~ now consider the case of the prevision per-

~ith a parallel analysis on the incoming pulse.

<k diagramof a C (1024-) channels converter is
9.5

TG

sDC Tis a parallel converter (multilevel con-

Analog to digital
parallel converter
ADC. 1
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- Block diagram of the second ¢ nversion system.

verter) providing C(32) levels: at the output the rough
digital conversion is transferred on the more significant
bits (= log, Cy = 5) of the register. The less significant
bits are set at random, for example not resetting those
after any cycle of analysis.

The ADC 2 Wilkinson converter analyses the differ-
ence value between the digital to analog conversion of
the register and the input pulse amplitude.

The total number of ADC 2 channels must be theore-
tically C, = C/C, (32) but, as the precision and the
stability of ADC 1 is poor, this number must be light
increased and it is obviously expressed by

5= Cy(1+x),

where x is the differential linearity of ADC 1. Let us
now remember that the register of the less significant
bits is set at random; as a consequence the output pulse
from the differential amplifier may be positive or nega-
tive. To avoid the bidirectional register, as done in the
block diagram in fig. 5, we must shift the ADC 1 levels
over a quantity equal to one channel width. The ADC2
must then possess a channel number:

2= Cy(2++x),
The choice of C, is suggested by the following consid-
erations:
a. the total number of channels C= C,C,;
b. the total mean time of conversion given by

Te=T;+7T,-+7T3,

where
7, = the ADC 1 conversion time (independent on C,
number);
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7, = DAC conversion time;

1y = +7/C, is the expected conversion time of the
Wilkinson converter fed by a white amplitude
distribution;

c. practical limits in the actnal realization of the
multilevel converter ADC 1;

d. the channel number to which the equalization
must be extended.

The channel width autocqualization is effective on C,
channels as regarding the differential linearity of the
DAC, but for the Wilkinson ADC 2 the autoequaliza-
tion is effective in the worst case on 4C, channels.
When the autoequalization is effective, 1, is further
reduced by a factor 4.

Finally we give a numerical evaluation of 1, for

C=1024; C, =32; x=025, ;=172
If we suppose to have
Ty =1 psec; v, =2 usec; T = 0.05 usec/channel,
we obtain
T, = T+ T, +3(4TCY) = 4.2 psec.

N. ABBATTISTA ef al.

We can see that the expected performance of 1,
analysis time is a very good one,

4, Conclusions

The interest to increase the speed of analog to di
conversion must be centered on the extensions of 1+
channel number for a high resolution in multipyr;,
metrical analysis problems, with a constraint of 1.
dead time of the system. This point of view justifics al.
the importance we gave to an intrinsic autoequalizins
system utilizing a Wilkinson converter.

In our laboratory a work is in progress to check ths
actual performances of the two proposed systems
Moreover, we have started with the synthesis for the
optimum “previsor” to perform the minimum expectes
time of analysis of the first system we have described ir
this paper.

Reference
1) C. Cottini, E. Gatti and V. Svelto, Nucl. Instr. and Meth. 24
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