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Summary

The possibility is examined of converting analog into
digital information by means of almost passgsive electrical
devices. Special enphasis is put on the problem of pulse
height analysis in view of the use for nuclear fast eventis.
A 16-channels analysér is sketched Ffor an gxample, and ex=
perimental evidence of the possibility of resolution times

of the order of 1 psec is given.
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The present preliminary feport‘develops fhe bagsic idea
of thé.possibility to convert an analogical information,li=
ke a pulse ampiitude, into a corresponding digital informa=
tion, by use of a passive network and of an electronic di=
scriminator. The fundamental circuit is described in § 1.

" Naturally following developments of this basic idea are
taken into consideration in view of the possible designing
of a pulse amplitude analyser, 1like the one daescribed a% 8
2 and. 3. For preliminary experimental tests of the Dbasic

network sce H 4o

8 1 - Let us congider a delay line with a_charac%erisiic in=‘
pedence Z_ , length 1, time delay ?’ per unii length, and
characteristic attenuation length A. Suppose then injecting
a pulse at the extremity A4 of the line (Fig. 1) and suppose
that the line is open at both terminalss the pulse is then

reflected back and forth between the two terminals. At ter=
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minal A we obseIVQ £he7injecjed pulse at time tobO,'the“first
reflecte&’pulse at time t= 2 1 T g the.sedon&:refléctedipulse

at time t_,= 2 2177 = 4 1?;amd so forth. Due to the attenua=

2
Ction in the‘line, a.puise-of amplitude Vc injccféa—in the ca=
bip, after having tré&elled a 1engt£ 1, ié‘reduce& %o the am=
plitude o - | | o

V(1) =T, exp(--%%

As & oconscquonce of the attcnuation, the successive pul=

gés observed at terminal A have tho following amplitudess
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Now suppose that we injcct the successive pulses obser=
ved at A in a discriminator iriggored from pulses of amplitu=
de greater than vtl It will be triggercd n times if the ampli=
tude of the n-th reflected pulse is greater than Vi, tﬁat is
~to says ‘ ‘
v, @Xp(—-g—%—i-)“ﬁlfﬁi

In suck a way a biunivocal corréspond@nqq,is Qstapiished
between the number of trigger pulses, and tle bfiéinal'émplitu=
de VG of the pulse .injected in the deviece..In this gimple casSe,

the digital coding of the pulses will result as follows:

Nr.of trigger pulses Amplitﬁde of analysed pulses?
min. : maxn i
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IT we let one channel of a pulse amplitudec analyser
cérrespond to each number of trigger pulses, we obtain the
analysis of the amplitude of the incoming pulses in n chan=
nele, the width -of wich is proportional to the bias Vt of
the trigger discriminator and is exponentially increasing
with the number of the channel, in such a way that the
percent width is costant.

We are used to consider pulse amplitude analysers with
channels having all the same width. The next paragraphs will
show that, using the basic idea above described, it is easy
to design an amplitude pulse analyser with the channels ha=
ving bthe same width. Before starting to degeribe this appa=
ratus, we shall consider the advantages of a pulsé amplitu=
de analysis in channels of exponentially increasing widthg
for this purpose we have drawn the diagrams bf fig.2,which
shows how an ideal spectrum featuring two peaks 1s supposed
to be analysed by a constant width 16-channels ansalyser,and .
by & 16-channels analyser of the type described above {con=
stant percent width analyser).

The istograms show that resolution of the two systems
is comparable in the highor channels, being of course much
better in the lower channels for the exponential type an=
layser. Furthemore it must be observed that, in. the latter
type bf analysis, the relative uncertainity Qf amplifude
derived from the finite width of eéch channel is constéﬁt

for all the channels, that is fiom the lowest to the higher
Onos .

8 2 - For a convenient compar&sion of the line‘ooding system
with the conventional pulse amplitude analysers, we shall
describe a line coding device gsuitable for the analysis of
the pulse amplitude in ohannels of constant width. Further=
more, we do consider that the speed Oan simple defice, li=
ke the one deso:ibéd in the fofegoing paragraph, is limited
by the’speed at ﬁhiéﬁ a pulse couﬁting system may work in-a

reliable way. For the moment being, we do not know any
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roliable counting system able o count pulses spaced less -
%han 0,1 microgecond, If we aré supposed to count the number
of pluses doming out of fthe trigger discriminator, of the a=
bove described device, with a counter as fast as the one abos
vé, we are compelled to space pulses to at least 0,1 ps, and
tﬁe analysis -of a pulse iﬁ a 16=channels analyser reguires
1,6 ps as a minimun, .

In the systenm description of which follows below, the
possible maximum speed of analysis is 1ncreased bf the use of
the counting devices only 'in the recordlng part o6f the appas=
ratus, when the pulses are'alréady sorted in the different
cﬁannels, and the average counting rate is statistically lo=
wered by the sorting operation. Y
_ The present paragraph handels about the Tine coding gy=
stem, and about a device which is triggered only by the ‘lasth
pulse of a series, %hich we shgll ¢all 'last pulse trigger
(LPT) circuib!.
| The block didgram of a 16 channel pulse analyser based
on the line coding principle will be discussed in the Hext
paragranh; |

Suppose that we have t¢ sort pilses into 4 ‘equally wide

channels:

-~ Pulses of‘agplitudestbetween Vv, and zvﬁ Wiil'be sbrtéd in
Channél.Nrokﬁ ' o k ‘A_ ‘.

- Pulscs of amplitudes bebween 2V, snd 3V, will be sorted in
Channel Nr. 2 | - | : |

-~ Pulsesg of amplitﬁdes betWeon BVﬁ and 4Vt will be sorﬁéd iﬁ
Channel Nr. 3 v ‘ B

- Pulses of amplitudés ~ above 4Vy will be sorted in Channel
Nr. 4 o

We can 1ngect the pulses in a four acCcess delay line 6+g.

through diodes, and bJ attenuators Wthh togEuher Wlth the

}-—..l

in

O

& ch racterlstlc attenuatlon attenuate the pulses amplitus=

de by thp factors shown in Pig. 3 a)
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We shall have thus at the output four pulpm ; ag shown
in FPig. 3 b), of which the first is of full amplltude v, at
time t = 0, the second‘qfla@p;;tudguyélﬁ'atvﬁﬁmgft.= e the
third of amplitude V, /3 at time % = 2 & and tho 148t of am=
plitude V /4 at time % = 3 &% These pulﬂes ma’y be;injee%ed
in a trigger dlscrlmlnator, biassed at Veg L1t is éasy to
show that the ‘humber of the pulses o; the trlgger -sorts the
amplitude of the inhcoming pulses accordlng to the precedent
table. In fact, the ampllﬁude V, of a pulse can be written
ag follows: .

v, = (k + &) V.

‘where k = 0, 1, 2, cecossg O < £ < 1.
Such & pulse gives rise in the above described device
to four pulses of following amplitudes: ‘

ith (x + E_jV%
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Of thesc four pulses,; only k Have a greater amplitude

than Vt’ so that the discriminator is triggered only k times.

(An analysis in four channels is taken into consideration,

but of course a larger number of channels can be taken into

consideration).,

We are now introducing the 'last pulse trigger® (LET)

circuit!; which

is supposed to give rlse to s #rigéér pulse

which should coincide with the last of tﬁe k—pulses'coming

out from the trigger digcriminator. There are many ways to

design one such cirouit,‘butfwe-shall discuss here the most

simple of then,

o

Wy

RS

..
oo
Y ‘

— & —

Looking at Fig.4, we see that ‘the three pulses shown in

L are delayed in B by an interval of time €4 corresponding to

the interval oj.time
B pulses is injected

coincidence circuit,

H
=

betwesen two succegsive pulges. If series

in to the coincidence input of an anti .-

and sesries A into the anti - coincidence

input, the only pulse to be aiibwéd.going through the circuit
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will be pulse 3, which 1s ths last of the series. A LPT
clrcult may be ddéne as shown in the block ulagram of Pig.5s
of gourse the output pulse of the anti - uOlncldence cir=
cult is delayad by e in respcct of the las®h pulse‘of the
series. 1nJected in the 1nput In a -gencral way, if the |
trlgger dlscr1m1nator gives rise to k pulses, gpnaced by
tlme 1ntervals &9 the output pulse from the L“T ‘circuid

starts at tlme k @; Channel number k 1s thuu coded ags a

A
,IJFLl—qﬁ
T awTI’

’ JCOINCIDENCE . QUTPUE

‘Delay 6‘ ; ' . 1 Vk
— 5 — N

1
o
Lﬁﬁl:;—ia<ﬁ'

1

time k e oy

Vg

8 3 w>Wa shaii coneider now block diagram of Fig. 6.

ﬂlm of the clrcult is t¢ introduce a pulse in the
channel output wire which corrosponds to the k value- of
the analysed pulse. Thié operation is being performed. by
vdeco@ing the information contained in the interval of time-
between the !'zeroc time’ and‘k e time of the start of the
pulse coming out from LTP circuit. We¢ might suppose, for
instancé,'fhaf is k = 33 the LTP circhit pulse starti at
time 3 & and is injected, with various delays, into the
four coincidence circuits. Coincidence circuit Nr.3 will
be the only one to reccive the pulse at the tinmes

(3 +1) & = 4 ©&, A pulse formed in the 'zero -time triggex!
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and delayed by 4 ®, is injected in~th§ four coincidence circuits.
Coincidence circuit Nr.3 receives the two input pulses at the
game time, being the only one Whiéh firesg a pulse is generated
in the 2th channel output wire. '

4s already said, coding is here considered in four chan=
- nels as an example of delay line codlng system, 01rcu1ts are
‘naturally suitable for codlnb pulso amplltudes 1n much more
channels. Aiming at keeplng the p0851ble speod of operatlons
at a maxigum level and at 1mpTOVLng the rellablllty of the de=
vice, a system of amplitude agnalysis was studied, Wh;oh uses a
two-steps coding systenm. |

‘Let us consider again the amplitude of a pulses

(k' + & Vt

By means. of the above described device, the value of k has

been analysed. We shall now iry to analyse in a sinilar way the
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yalge:pﬂ«E;JIn this way coding -of the input pulse results

by means -of & pair, of digits, k and. & , each one ranging

from 1 &o. 4. Of course, this is equivalent to an .analysis .

of the amplltude in a 16 channcl analyser.

Followzng the schema of fig.b amplltudes of ﬁhe pul~,

ses coming out from the coding d@lay line and attenuator,

as obprvsd aﬁ3901nt A, ares

- Lk kg k4 E
,<k'%&)vg”} (= giv) ¥, .4; ) V. »
K+ E

These pulses are 1naected 1nto the device show at
Fig. 7 whith the purpose of glving at the outpuL Yoo
pulse of amplitude proportlonal to ELV . This pulse con
be coded and analysed again by means of a device uﬁmwl |

to that sketohed” in Fig. 6. , o
' GATING PULSE
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The circuits of Fig; 7 are working as explained below

the four pulses coming from point A are delayed by~ & add

presented at the input of a linear gate. A gating pﬁlsef

coming from the LPT cireuit opens the gate at time k g i
{(point B of Fig.6). We have thus, at‘the'oﬁtput”bf*tﬁé*li«‘h

near gate, only one pulsec abt time k'®; that is the pulse’ of"

mplitudes - ' ‘ ‘
amply ( kl+-é,)v v B v
‘ ko K k-t

+ gt

L]

e
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The differential amplifier, which follows the linear ga=
?e, performs the operations of subsﬁracting an amplitude Vt
' énd multiplies the result by a fixed gain 0. Prom the diffe=
rential amplifier, through the cathode follower; a pulée of
amplitude éi-v é
kot
' is injected into the coding delay line and attenuator.
- Purpose of this part of the device is to remove the fac=
tor 1/k, wich carries an already analyszed information from the
~amplitude of this pulse. In fact, at the output of the delay
1ine, there are four pulses of amplitudes

£ £ £ 2 B
735

3.
i N — s == 5 e
kot 7 4 Veb 8 k4 th Y x4 V&
at the following times:
k&3 k e+ & ke+26;  kes3 e,

If we suppose, for instance; that the value of k was k=3,
the only pulse starting at time 4 €, is the gccond pulse wich
starts at time 4 6, with an amplitude

This pulse, but for the constant tactor G/4, has the de=
gired amplitudé é?ﬁE, $g::ﬁhé sel@dtighqu'this pulse among
the four othéﬁs Whicﬁ #Qmeiout of‘%he 1iﬁé, a.iinear gate 1is
béing used,;opéning pf which takes place by means of a gating
pulse coming at time 4 ® from point C of Bige, 6.

The pulse of amplitude é_ﬁ o

t 4
mey be now analysed in four channels, for instance, by means of
an identical device to the one indicated in Fig. 6. As a FTinal
result, the pulse amplitude 1s coded by the two numbers k and
Z., represented by a pulse at the output of a coincidence circuit,
selected in an array of four.

The pulse coding number k starts at time 4 €3, the pulse co=

ding number & starts at time 8§ €4 Indi?endently from the origi=
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nal pulso amplltude, analysls and coding operations are_
perforned in our example, in a 1enght of time 8 o=

Reoon51der1ng the circuits employed in the block
+diagrams of Figs 6.and Fig. T, we see -that the»operaﬁioﬁfs
speed is probably limited by the speed at which . the trigger
discriminators. are able~ﬁ§ work with ‘good :eliabilit&, all ..
other active circuits being of a type which could be sup= ‘
rosed to work with pulses of 10f8 seconds and with a time. -
interval of the same order of?magnitude;,lf.we agsume con=. -
~gervatively that‘a basic time interval 9'=-JO_7S'can -be
. realimed, in a 16 channel gnalyser coding and soriing of a
pulsetwill»iequirezabout.0,8 pgs it is interesting %0 ob=
serve that in a 100 channels analyser of same. type, and with
a- same basic time interval, the analysis'of‘é pulss requireS 
only -about {10 + 10) .x €& = 2 ps.

Begides, it can observed that recording of the pulses?:
number falling in each chanrel méy be-done, in our exampley-
in-cbhformity to ‘the obvious schema of Fig. 8, that is ma=:-
king use of a 4 by 4 matrix which giveS'fise to 16 output’
wires. . . 1'49' 46‘ T T 4&‘T:: N
v . Of course, the pulses i u% l§ §Delayé
coming out from the k-chari=: lT ‘ {“,L ; JT. =4

nels (2t time 4 ©) must be

s > - . |
delayed of 4 ©, as indica= i - - Ny
T REIET R X

™ ™

A4

ted, to meet the pulses co= -

ming out of the &£ -channels . 10 0o 32 4 420"
{at a time 8 ©). S g N A R R
‘ 13 23 33 43
The 16 crossgings of-. . — . - o
g ST TN
this network can be. done by 14 o4 34 44
coincidence circuits, each ’ Fig. 8

one driving a fast counter. The résolving power of the coun=
ters, in case of a basic time interval 10 gec, may 'be of
about 1 ps, without any loss of counts. If fast enough trigs

ger discriminators could be build, the operating spesed may
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- be riged by a factor of 10, by uS1ng countlng clroults Wlth

" higher reu01V1ng powor.

§=4ﬁh”Preliminary;experimentalatests were performéd on the de=
| ~day line coding network. |

- Fig. 9 shows: the device used to inject puises of the res=
‘ Quixed shape into o Ffour:-access delay’liné. Pulses'bf'OoQS LS,

: rise.time 0.04 ps, rbughly.féctahgular‘in'ehh?éfare‘ihjécted
‘”into the input. These pulscs are stretched by~means‘bf the"
' diode-condensérTnetwarka Purpose of ther second Cafhodéffollower
(BL34) and the refleoting delay line, is to form the stretched
fpulses into pulses of rec$angu1ér shape, with about 1 ps length,
 b°25 g8 rise. time., .

Euises'of standard rige time. and léngith are injecied in
 para11e1 into four compensated attenuatqrs-(Ri,Ei)g Of course,
the resistance ratio Ri/Ri of the attenuators is calculated by
taking into ascecount the attenuation induced by thé different
length of the pulse travelled cable. The four=pu1305'cdming

out of the attenuabors .through .the cathode followers ana the
‘diodes, are injecteé intofthe four access delay line.

, Thls 11ne is made up by threc pieces of a.delay cable (Dat=
WGJICT type Hwk 5614) Wlth 0 1 ug delay per meter length. Hach
plece has a 1ength of abaut 20 mg glVlng ride to-.a delay of 2une..

_ Both onds 01 tho delay llno arc terminated by the 1000 ohm
charaoterlstlc *inpeﬂﬁence of $he cable; in order %o avoid Te=
flectlons.‘ | —

Shape of the four pulseo comlng out of the device is shown
in Flg. 10 We 1ntroducei a small amount of overcompensatilon in
the four attenuators with the aim of obtaining pulses with a peak
following clogely the leading edge. This shape is particularly
suitable for triggering a Schmitt discriminator {(see reference 7
of Bibliography). ’

Further tests of this part and of the other devices descri=

bed in the project of paragrephs 2 and 3 are under progrsuss.
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