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ABSTRACT

This paner descrihes the gpeneral structure and the operformance of a com-
nact modnle, designed to stretch and hold analog signals un to several
hindreds of microseconds, without remarkahle changes in the nulse height
and shane, and to nrovide a convenient interface between detector svs‘ems

and Adata acauisition enuipments.




1.- INTRODUCTION

The STretcher and HOlder Module (STHOM), described in the present paper,
is a modular nuclear instrument that will interface a quantity of diffe-
rent detector chains into a single data acquisition system, or will be
used in a nultinarametric aoparatus also to reduce the number of ADC's
needed.

'n fact. to collect enerpyvy sovectra of ions identified in mass ~nd charge
bv means of the online computation of ion identification functions (1) or
of the handling of the different phvsical quantities involved in the
Bragg ecurve spectroscooy nethod(e). or in oceneral to measure several
naraneters in nuclear reaction exoerirments, different analog svstems are
interfaced to a auite complex data accumulation eguipment. In this case
the timing adjustment mav nresent a number of difficulties, mainly becau-
se of the great auanti*v of adjustable delays to be used. This was the
reason that led 3 to design, build and test STHOM, a module able to
stretch and vnld the signal of uo to four different narameters from up to

four 'ifferent detector systems.

2.- GENERAL DESCRIPTION

STHOM s built in single-wiath NIM module. All the inout and outout
analog signal connections are included in the front opanel (fig.1), to-
nether with the tosgle switches for the Rise Time Protection changing
{2,4,8, us) and the subgroup selection. The binary-coded, logic channel
fdentification outnut, the general gate inout and %he ADC's timing con-
trols are on the rear nanel, The working mode of the nresent module can
he understood in accor-dlance with fipg.2., in which STHOM is reoresented by
means of a svmbolic and simplified diagram. The vertical planes renresent
the scretcher and holder sections for each detector system, while at the
end, the horizontal ones can be considered as the output sections,.

fndeed, using a hvnnthetical matrix reoresentation, it may be said that




the signals from the detector systems enter the module by columns and
exit by rows.

STHOM consists of four units, each concerning just one detector and its
four narameters and made of four linear gates (LG), four stretchers and
holders. These units are comopletelv indeoendent from each others, with
regard to the analog inout signals. The outnut signals are multiolexed
into four buffers, corresoonding to the four different paranmeters of each
detector svst:m and to the four ADC's inputs.

Regarding the handshake with the ADC's, the logical signals used for
STHOM consist in two different tvoes: timing of the ADC (dead time, rise
time orotection, data transfer flag) and for partition of the acguisition
system mermorv. In fact the subgroup se’ection is made by neans of the
word bit not used for the data, to obttain a correct labelling of
different subgrouos. It is recessary, anyway, to decide, a oriori, the
number of bits reserved to the label. This requirement is satisfied
through the Subgroup switch, that suitably chooses and transfers the
label bits, via the rear connector, in accordance with the Data Transfer
level.

The STHOM timing diagram is presented in fir 3, while fig.4 shows the
schematic of one unit.

The Aarrival of one inout strobe oulse (STROBE) from the coincidence of
the detector chains is assumed as zero time for the signal processing.
Moreover, STROBE suoplies the storing command: in fact, it is used as
trigger onulse for the rise time protection (RTP). The trailing edge of
RTP enables the holder flip-floo (HOLD).

The canacitors of the stretcher circuits (STRET), nocrmally left dis~char-
ged, are charged only during the RTP and HOLD time.

The svstert i{s Aalso pnrovided of an onlv inout gate to in:ibhit HOLD, the
same for all the narameters and detectcrs. It can he used as RUN/STOP and
also, for more uzoohisticated multioarametric =’-tems, to allow the
acauisition of one event at a time,

HOLD calls for the transfer logic ~ ~cuit through the latch, the orioritv




encoder and the decoder.
In outout the four str~ ~hers of each of the four grouns are connected by
rneans of a CMOS ~ ‘itch. The samnling signal (SAMP) for the ADC's starts
about 1 as Tter the leading edge of the analog outout. This time \is
nece= - 7 to have flat outout levels. The height of the analog pulses
ons s5table un to the end of last RTP from the ADC's, or, at least -in
its ahsence- for the SAMP cduration.
At *he trailing edge of the last RTP from the ADC's, the monostable "out
analog end” starts, and after, the interrogation begins of a new HOLD or,
arain, of one event of less priority, in the case of two or more coin-
cident events.
The latch is introduced to avoid the nossibilitvy of a contemporary re-
nuest of greater priority, or, otherwise, in the case of particularly
comnlex set of events, to assure the transfer of all the involved oara-
meters.
The analog switching hanpens as soon as the RTP's from the ADC's end.
Before a new SAMP starts, it {s necessarv that all the four dead times
from ADC's are terminated, i.e. it starts after the end of the ADC's data
transfer flag signal.
The use of the SAMP allows the choice of short RTP for the ADC (500 ns)
and the full utilization of the converter velocity, because of the pos-
sibilitv to detect the input oulses when they are already flat. Moreover
SAMP allows to commute the inputs as soon as the RTP ends -i.e. during
the ANDC dead time- and to start again, immediately, with a new conver-
sion, as soon as the latter ends.
With a new strobe, the corresponding analog inout {s immediately buffe-
rized with *he same time senuence and is held up to the end of the ron-
version mads by the ADC on the previous oulse. In this wav it is possible
to nse STHOM also for coincident pulses, unlike customarv mixers.
As nrevinuslyvy said, each unit, consisting of linear gates, stretchers and
holders, bepins to onerate at the arrival of the GTROBE. In coincidence

with {ts leading edge starts the RTP monostable, whose width (2,4,8 us)




can bYe selected by means of the three nosition togple switch in the front
nanel. Then the discharge circuit of the stretcher cavacitor is open, so
allowing its charge. At the end of the RTP starts the HOLD, which let the
caoacitor free to follow the inout signal and, at the same time, closes
the innut LG to avoid oile-uo.

Then, HOLD enadbles the oriority encoder through the ooen latch. This en-
coder closes the CMOS corresponding to the inout code (e.g. Al, or A2, or
A3, or A4 corresoonds to A, and Bl, B2, B3, B4 to B, ... and so on) bv
nmeans of a decoder.

When the CMOS is closed, the signal held high is brought out through the
outnut buffer of the corresoonding oarameters (e.g. the Al signal through
the outout buffer 1, A2 through 2, A3 through 3 and so on).

At the same time, the oriority encoder enables the selection grouo, which
bv means of a 1 us delay gives in output the SAMP for the ADC. When the
latter receives the SAMP, it answers with RTP and Dead Time signals. At
the 1inconming of RTP the address of the memory ovartition of data
acnuisition system ccrresponding to the detector in process (e.g. A) is
latched. The end of the longest RTP from the ADC's resets HOLD and allows
it to oresent in output another signal. Otherwise the Dead Time forbids,
for its full duration the new sampling, which starts again at the end of
Aall the four Dead Time signals.

We have to signifv that the Stretcher is made by an input amplifier and a
diode used to charge the cavacitor. The capacitor level has to follow the

height of input pulse, because of the input amnlifier feedhack.

3.-TESTING

STHOM was tested with two different aims in view: firstly to control its

nerformance, and, secondlv, to check {ts behaviour in an experimental

detections <hain.




a_.1)PERFORMA!CE

A.1.alStabilityv

£ pulse of fixed amolitude (1.8V) aooroximatively at half of the full
4vynarical range (4V), coming from a BNC-PB4 pulser entered the linear
innrut of S5THOM, while the trigger out was used for the STROBE. The STHOM
nutout was sent to a SILEMA CATO MCA, for a one week test. The result is

A stability hetter than ImvV/dav.

3.1.b)Holding

Fie.5 =shows the simplified electronic chain for the Holding test. The
trieger from the HPBO12B nulse generator was used as main trigger, while
that of BIHC-PB4 pulser as STROBE for STHOM. The opulse out of PB4 was
~onnected to one of %the STHOM linear inputs. To verify the capoability of
STHOM to hold the pulse height for a long time, we used pulses, from the
HPANL2R, with low duty cicle to enter its Dead Time inout.

In this wav, it was vossible to compare the height of the nulse immedia-
telv converted (Dead Time input disconnected) with that held for the

~hasen time, The obtained result is a decrement less than 45 av/us.

1.1.c)Integral and differential nonlinearity

(3)

A zet nf tests was made, with the DAG generator to determine the
intepral and differential linearitv for the full dynamical range (0-4V),
using 39 nulses, from 100 mV up tno 3900 mV, step 100 mV. The results are:

interral nonlinearity 0.0006%: differential nonlinearitv 0.1%.

7. 1.4)Res0lution and gain

IJsing the PB4 pulser linear outnut and the trigger out for the strobe,
the resolution obtained was 0.1%.

The cain was tested for the four parameters of each detector input. [t
w5 enanstant (or all the channels within 0.2%.

Annther test, concerning the gain, was made to investigate it3 denendence




from the RTP value. Also in this case the gain is constant within 0.,04%.

3.2 )EXPERIMENTAL RESULTS

The second kind of testing was addressed to verify STHOM behaviour in an
electronic chain for the identification of charged particies emitted in
nuclear reactions.

vie used STHOM for the timing adjustment during the connection netweesn

MOHDAN(A). the data 2cnuisition svystemn of the Laboratori Nazionali del

Sud- Catania (LNS) and an anvcaratus, oreviously realized and used(S).
able to identify light oarticles enmnitted in nuclear reactions. For the
off heam test (see fig.6 for the electronic chain), the DAG pulser was
ennloved. Fig. 7 shows the phato of the most significant pulses from the
chain.

To use STHOM in an on beam exneriment, the DAG nulses were substituted
with the corresponding signals from a detector telescope. An identified

)160 reaction(e). collected at 2)°

energv spectrun from the 126(7L1. t
-laboratorv angle-, 43.86 MeV - incident energy~- at the SMP13 Tandenmn of
LNS, is shown in fie.7.

At the end, we can conclude that STHOM is a very orecise and useful
instrument to be -employed 1in electronic chains or nmultiparametric

svstems, whenever it is necessarv to hold pulses for a verv long time,

without remarkable change in the oulse height.
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Fig. 1 - The front panel
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Fig. 5 - Simnlified chain for holding test
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(see text)
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Ftg. 7 - Photo of the timing of the 4 most significant pulses from
the chain in fig. 6
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