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The characteristics of a fast and compact readout system of a tracking calorimeter to be instal led on a bal loon-borne apparatus
are described. The speci f ic constraints of the experiment have imposed the search for a good compromise between fast signal
col lection, gain stabi l ity, compactness and low power cosumption . The solution adopted exploits hybrid circuit technology and a
modular mult istage preampl i f ier conf iguration .

1. Introduction

In this article we describe the readout system of a
tracking calorimeter to be instal led in a bal loon-borne
apparatus consisting of a superconducting magnet,
time-of - f l ight counters and track chambers . This read-
out takes advantage of the hybrid circuit technology
and has been speci f ical ly designed for the experiment
MASS (Matter-Antimatter Space Spectrometer) , which
aims at the measurement of the primary antiproton f lux
in high atmosphere ( - 40 km) in the energy range
0 .3-1 .0 GeV . The interest in such a measurement comes
from the results of previous simi lar experiments [1]
which showed an antiproton f lux much higher than that
calculated by current models .

2 . Design considerations

The tracking calorimeter is a box 52 x 52 x 40 cm3 ,
made of 50 planes of brass streamer tubes (64 tubes per
plane) interleaved with 50 planes of pickup strips (64
strips per plane) for a total of 6400 readout channels .
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The internal size of a single tube is 6 .5 x 5 .0 mm '- . A
gold plated tungsten wire (50 p m in diameter) is
stretched at the center of each tube .

In order to satisfy the pecul iar condit ions of a bal -
loon-borne experiment, the fol lowing general require-
ments have been taken into account in the design of the
readout system :
1) The entire readout system needs to be compact .
2) Minimum power consumption .
3) The electronics should be located as close as possible

to wires and strips in order to avoid signal degrada-
t ion .

4) The signal from wires and strips, being fast (width =
20 ns, r isetime = few ns) , needs a high speed ampl i -
f ier .

5) Fast and low power consuming discrimination and
conversion into TTL logic .

3. Description of the circuit

The front-end electronics of a hal f plane (wires and
strips) of the calorimeter is control led by a 32-channel
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card whose ampl i f ier section is composed of three main
functional blocks, as shown in f ig. 1 .

The requirement of compactness is satisf ied by al loc-
ating the electronics inside the calorimeter box itsel f .
This has been possible by using hybrid circuit technol -
ogy and a speci f ic engineering solution which al lows to
f ix high-density printed boards on both sides of each
streamer tube plane.

The f irst functional block, which is also the closest to
wires and strips, is a typical charge ampl i f ier. Due to
the requirement of very short rise time, a mult istage
preampl i f ier conf iguration has been employed . Another
important design requirement is a local feedback for
each stage to ensure stabi l ity in the selected gain .

HC2

Fig. 1 . The three main functional blocks of the front-end electronics .
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The preampl i f ier conf iguration which has been cho-
sen is a simpl i f ied version of the Goyot-Samuel i -Sara-
sin ampl i f ier [2] which, for wire signals as shown in f ig.
2, is made of two stages, whi le for strip signals (f ig. 3) , it
is made of three stages, to take into account that the
induced signal col lected by the strips is about 3 times
lower than the signal col lected on the wires . The basic
section is a common base transistor (T1) stage driving a
common emitter stage with a feedback resistor . The
relevant parameters for this preampl i f ier conf iguration
have been investigated by the simulation program SPICE
[3] .

The major problem was to reach the best compro-
mise between gain, r ise time and power consumption .

Fig. 2 . Circuit diagram of the wire preampl i f ier showing the two stage ampl i f iers (TI , T2, T3, T4) .
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The so l ut i on adopted was a three stage preamp l i f i er for

str i ps and a two stage preamp l i f i er for wi res . The power

d i ss i pat i on has been reduced down to 15 mW per

channel wi th a gai n of - 500 for str i ps and - 100 for

wi res wi th a stab i l i ty i n the gai n wh i ch i s better than

0 . 2% / ° C. The measured r i se t i me i s <_ 5 ns . The most

rel evant parameters of the amp l i f i er ci rcu i t are sum-

mar i zed i n tab l e 1 .

Tab l e 1
Speci f i cat i on of the amp l i f i er / d i scr i mi nator / monostab l e

50 Q(± 30%)
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10 ns
< 1 ~LA rms

cl amped at +5 V dur i ng output
one per channel wi th act i ve dr i ve
>2mA

proport i onal to t i mi ng capaci tor ,
500 ns to 10 ~Ls range

negat i ve edge < 5 ns
pos i t i ve edge < 5 ns
5 ns(10% - 90%)
5 ns(10% - 90%)
< 50% of T (T = output durat i on)
+5V<1 . 5mA ; - 5V<1 . 5mA

15 mW per channel
4 or 2 channel s hybr i d package
65 x 26 mm
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Fi g. 3 . Ci rcu i t d i agram of the str i p preamp l i f i er , where one more stage i s present wi th respect to f i g . 2 .
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In order to reduce the spread i n the character i st i cs of
the 6400 preamp l i f i er ci rcu i ts , the gai n i n each amp l i f i er

stage i s def i ned by a res i stor and i s i ndependent of the

trans i stor parameters .

Fi g. 4 . Thresho l d d i scr i mi nator and pu l se stretcher showi ng the
conf i gurat i on of CMOS Schmi tt tr i gger i nverters .
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The second funct i onal b l ock, shown i n f i g . 4 , i s a
f i xed thresho l d pu l se detector and pu l se stretcher . I t i s
based on Schmi tt tr i gger i nverters i n CMOS techno l ogy
of the l ast generat i on . Such a cho i ce prov i des both l ow
power d i ss i pat i on and h i gh speed . The output pu l se
durat i on , def i ned by the res i stor , the capaci tor and the
vo l tage supp l y , has been f i xed f rom 1 to 2 ~ts .

The th i rd funct i onal b l ock (CD 4021) per forms al l
the funct i ons necessary to generate the same status f l ags
to the remote d i g i tal el ectron i cs and to al l ow a tem-
porary storage of al l wi re and str i p statuses i ns i de the
cal or i meter . Temporary storage i s per formed by CMOS
sh i f t reg i sters wh i ch are l oaded s i mu l taneous l y by the
external storage command .

For each wi re group (32 channel s) an anal og output
s i gnal , proport i onal to the number of f i red wi res , i s
avai l ab l e . Th i s funct i on i s accomp l i shed by add i ng an
operat i onal amp l i f i er to the output d i scr i mi nators . Such
an anal og s i gnal can al so be used i n the tr i gger def i n i -
t i on .

4 . Data acqu i s i t i on

For readout and tr i gger purposes the cal or i meter has
been subd i v i ded i nto ei ght sectors , the f i rst two sectors
correspond i ng to wi res i n the x d i rect i on , the th i rd and
fourth to wi res i n the y d i rect i on and the same app l i es
for the str i ps . Each sector i s i n turn d i v i ded i nto four
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subsectors so that , ' - of the cal or i meter can operate and
can be contro l l ed i ndependent l y .

The d i g i tal outputs stored i ns i de the cal or i meter are
contro l l ed by four CAEN STAS (Streamer Tube
Acqu i s i t i on System) modu l es wh i ch per form the read -
out of the cal or i meter i n ser i al mode by convert i ng
every (or a group of ) s i gn i f i cant channel i nto a 16 - b i t
word and stor i ng th i s word i nto a 512 X 16 b i ts FIFO ;
th i s convers i on i s made at a max i mum rate of 1 . 25
Mb i ts / s per channel ; the data are then sent to a stan -
dard CAMAC i nter face.

The bal l oon - f l i ght conf i gurat i on uses a PDP 11 / 73
for contro l and data compress i on . A f i rst event f i l ter i s
accomp l i shed on board by a Mi crovax I I wh i ch al so
sends the data to the ground by means of a tel emetr i c
l i nk at the rate of 156 kb i ts / s .
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