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ABSTRACT
The electronics system for the read-out of a large drift chamber (25 m?,
6110 sense wires) with image read-out, to be used at the CERN pp collider, is

described. The system uses a flash analog-to~digital converter and is able to

measure directly the drift—-time, the charge division, and the energy losses for

many tracks on each wire. The results obtained with chamber and electronics

prototypes are reported.
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INTRODUCT LON

At 540 GeV, the centre-of-mass energy of the CERN pp collider, new phenomena
are expected. The large c.m. energy will produce very high multiplicities in the
final state and the quark—quark scattering could show up with spectacular narrow
jets of particles.

It is clearly necessary to have a detector which is able to measure a dense
sequence of points in the tridimensional space. The central detector of the UAl
Collaboration!? is now under comstruction at CERN and is described in another con-
tribution to this conferencez). Electrons produced by the iomizing particles in
the detector drift through a large drift space (18 cm) to the anode wires. At
each anode wire individual track coordinates are obtained by the drift-time and
the charge-division methods. Each point also has a measurement of the energy loss
of the particle. The gas mixture used is v 50% Ar - 507 ethane, the drift elec-
tric field is 1.5 kV/cm, the drift velocity ~ 5.3 cm/us, corresponding to a maxi-
mum drift-time of 3.6 us, which is smaller than the time interval between two
successive bunch-crossings (v 3.8 us). When an interaction takes place all the
ionization {electrons) produced in the gas by the previous interaction has already
reached the énode wires,

The block diagram of the electronics associated with each anode wire is shown
in Fig. 1. The two preamplifiers signals at each end of the sense wire feed, via
twisted-pair cables, the Charge and Time Digitizer (CTD). This unit contains two
fast analog-to-digital converters (FADC) which sample the pulses every 32 us and
are described in the next paragraphs in some detail. The first FADC gives dipectly
the track's position along the wire by the charge division method., The second
FADC has a "logarithmic" response and is used for the measurement of the energy
loss dE/dX.

In the time channel there is a fine time interpolator, a 3-bit TIDC of the
DTR 247 type. The drift time is measured within a 32 ns window with an accuracy
of 3 bits (4 ns) 3).

The digital outputs of the two FADCs and the TDC are comnected to a buffer
memory., During the data-taking the contents of the circular buffer memory are

shifted every 32 ns and the oldest information is overwritten.
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After an event trigger the buffer will contain samples of the signal on-the
sense wire for a time corresponding to a full drift-time.

One hundred and ten points are detected on an average for each track., The
expected accuracy for the drift-time coordinate is ¢ =~ +250 um, for the charge
division o < 1% of the wire length and * 6% for dE/dX.

In this article we describe the features of the electronics read-out system

and the results obtained with the first protetypes.

THE FAST AMPLITUDE-TO-DIGITAL CONVERTER

The basic element of the read-out electronics is the TDC 1014J fast analog-
to-digital converter (FADC) or flash ADC,

The flash converter consists of 63 strobed differential comparators, a resis-

tor string referemce network, a 63 to 6 encoder, and an output latch (Fig. 2)4).
One of the inputs of each comparator is connected in parallel to the signal
input (Vin), while the other input is connected to a reference voltage. The com—
parator has a bandwidth of 45 MHz and an acquisition time of 15 ns., The reference
voltages are developed in a resistor string between the terminals V_ and V__. In

RY RB

is connected to O V and V to -1 V.

the normal mode of operation, VRT RB

A clock signal (CONVERT) strobes the comparators on its rising edge. The 63
to 6 encoder is clocked by the falling edge of the convert signal and the coded
output appears on the next rising edge. A clock rate of 31.25 MHz is guaranteed
for the best version.

The response function of the FADC is given by the equation
Vix ~ Vrp

The data from a FADC are conveniently stored in random access memories (RAM).
The memory address counter is then advanced at the sampling clock rate, and succes—
sive time-shifted digitized samples of the input waveform are stored im consecutive

memory locations.



FIRST RESULTS

A first prototype 8-channel FADC has been used for the read-out of a small
image chamber. TFigure 3 shows the experimental layout. The chamber was a cubic
box of 20 cm side with the gas mixture and electric field previously described. The
amplitude of the signal coming from each sense wire was measured by the FADC every
32 ns (clock period) with an accuraéy of 6 bits and stored in successive RAM loca-
tions (256 locations). At any time t a record of the previous 8 us (256 x 32) of
each wire was then put into the memories.

A stop pulse, provided by a 4 us delayed coincidence of the three scintilla-
tion counters, stopped the sampling process and started the read-out which was
controlled by a CAVIAR computers). Figure 4 shows two different representations
of the same event. The eight spectra correspond to the eight wires equipped, each
bin being 32 ns long (v 1.5 mm in space). The drift space is 20 cm {v 4 us) and
the distance between two wires is 1 cm, -

Figure 5 shows three tracks crossing the chamber. The two~track resolution
for tracks orthogonal to the electric field is about 3 mm. It is clear from
Figs. 3 and 4 that the maximum number of hits per wire which can be detected is
limited by the shape of the pulses. A total number of " 25 hits seems to be rea-
sonable, the geometry of the final chambersz) being such that the angle between
the high-momentum tracks and the electric field is always greater tham 45° in the.
drift direction,

Nevertheless before a FADC can be used conveniently in a drift chamber two
problems have to be solved. First of all the dynamic range of 6 bits is not
enough to take care of the energy-loss variations due to Landau fluctuations,
double-ionizing particles, tracks which run parallel to the wire, slow particles,
etc. Furthermore, the third coordinate is measured with the charge division
method and hence we have to measure the total charges of the pulses {(not the am-
plitudes) independently of the clock phase. The method used to overcome these two

problems is described in the next sections.



THE PHASE PROBLEM AND INTEGRATION BOX

In order to obtain the total charge with the FADC, which measures the ampli-
tudes, we have to transform the charge information inte amplitude information.
The measured charge must also be independent of the clock phase with respect to
the pulses. There are two analog pulses per wire, left and right, Fig. 6.

In each analog channel there is a preamplifier mounted directly on the cham-
ber, and some 50 m away through a twisted-pair cable, a line receiver with program-
mable gain, a clipping stage (32 ns), and an integrator. (The response for a §
function input pulse is a square signal of 32 ns length.) The pulse amplitude from
the integrator at the time t is always proportional to the total charge collected
in the previous 32 ns. It is clear that sampling the amplitude of such a pulse
with a period of 32 ns, and adding together all the measured amplitudes we obtain
the total charge independently of the phase.

The left and right signals after the integration are, respectively, summed
(%) and substracted (A). The total energy signal Z is fed into a FADC with non-—
linear response for the total energy measurement; the I and A signals are used

to drive another FADC for the charge division as described in the next sectioms.

DYNAMIC RANGE

While the resolution of a 6-bit FADC is in general sufficient to measure the
energy losses on each sense wire, this is not true for its dynamic range., An ele-
gant method of achieving any compressing or expanding response function of the FADC
is described in Ref. 4. Because the FADC can be driven by fast input and reference
pulses it can be used as a fast analog divider. Applying a fraction of the imput
pulse plus a bias as the reference.pulse, the response function becomes:

Vin

a vin + Vb

n= 63

The full scale is obtained at
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In the linear operation mode the Vi“max is v so the expansion factor is-

b
x = 1/(1 - a) and the dynamic range R = 6 bits/(1l - a).

Figure 7 shows the measured response function of a FADC. Because of possible
pedestal variation due to rate effects (the electronics is AC coupled), the res=
ponse function starts from channel 6. Positive values of the pedestals can be
measured and subtracted. The expansion of the dynamic range from 6 to 9 bits
clearly is at the expense of the resolution for high input values, which is gene-
rally acceptable. Figure 8 shows the resolution of a 6-bit FADC in the linear
mode and the chosen non-linear mode. The electronics chain is adapted te have

the minimum ionizing energy losses in the region of optimal resolution (v chan--

nel 32).

THE CHARGE DIVISION

The information onm the hit coordinate along the wire direction is given by
the total charges collected at the two ends of the sense wire, QL and QR. If

I = QL + QR and A = QL - QR the Z-coordinate is given by

Z =g
The FADC is used as an "analog" divider to measure directly the ratio A/2I.

To measure the accuracy of the charge division we used a proportiomal tube
2.5 m long and a °°Fe X-ray source, The wire was of Ni-Cr, with a diameter of
30 um and a total resistance of 3 k2,

The left and right pulses are clipped, integrated, and respectively summed
and subtracted in the integration box. The four signals from the integration box
are then used to drive two FADCs, one for the charge division and the other for
the total energy measurement. The two pieces of information are digitized and
stored in the memories (Fig. 9).

The final accuracy is determined by the 6 bits of the FADC, the wire being
divided into 64 subintervals. Every 32 ns the total energy collected in that time

window and the equivalent Z-coordinate are measured. Figure 10a shows the total

energy histogram for one event, each bin being 50 ns long (for technical reasoms
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this electronics prototype was built to work at 20 MHz). Figure 10b shows the
corresponding Z measurement. The vertical range is the whole wire length divided
into 64 intervals. This particular event was taken with the source at the centre
of the wire.

The measured Z's in the three time bins below the pulse are equal, because
the intrinsic accuracy of the electronics chain is far better than the 6-bit
accuracy of the FADC. The avalanche charge collected in 150 ns (v 105 electrons)
is such that the stochastic noise from the wire and the preamplifier is so small
with respect to the pulses that the various measured Z's below the pulse remain
in the wire interval determined by the FADC, Away from the pulse the Z is undeter-
mined. Ancther interesting event is shown in Fig. 11, where fhe source was placed
between the centre and one extremity of the wire.

Because of the different time propagations between the two ends of the wire
and of the pulse deformations due to the different frequency propagations, the
measured Z's are no longer constant, The Z coordinate is then given by the centre
of mass of the Zi's weighted with the total energy Ei’ measured in the same time
bin
Z zZ; Ei

= .y
> EETOTESTE
1

™~
I
m'HP

i
In order to have (Z} = Zipye 20 infinite integration should be performed. In
practice a good measurement can be obtained with a gate width between 100 and

150 ns depending on the shape given to the pulse.

One of us (V.K.) wishes to thank the Finnish National Research Council for

Natural Sciences for finamcial support,
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Schematic block diagram of the electronics associated to each sense
wire.
The fast analog-to-digital converter,

Schematic representation of the set-up used '"to see™ the tracks

using the FADC.

Two different representations of the same track in the chamber,
One event with three tracks at the same time in the chamber,
Description of the integration box principles.

The response function of a FADC working in a non-linear mode,

Curves showing the resolution of a 6-bit FADC in the linear mode

and an applied non-linear mode.

Schematic block diagram of the electronics used to measure the

charge division accuracy with a 2.5 m long proportional tube.

The X-ray source 1s at the centre of the tube,
a) Total energy measurement of an X-ray pulse.

b) Charge division for the same X-ray pulse.

The source is placed between the centre and one extremity of the
proportional tube,
a) Total energy measurement,

b) Charge division measurement,
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