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1. INTRODUCTION 

A fine-grain calorimeter has been designed for a neutrino experiment at CERN1). Part 
of this detector consists of a large number (16,000) of proportional drift tubes; these 
are used to determine the direction and the apex of neutrino-induced hadronic showers by 
measuring the distribution of the deposited energy. At the same time, muons are tracked by 
measuring the drift-time from the position of particle traversal to the sense wire. 

The goal of these electronics was 

i) to obtain an amplitude precision of < 100s for a minimum ionizing particle and to 
measure the charge deposited by up to 25 minimum ionizing particles; 

ii) to obtain, with the drift-time measurement and using well-controlled gas para
meters, a spatial resolution (a) of < 1 mm. 

In order to improve reliability, these specifications were to be obtained without using 
variable components. 

As a gas with a low saturated drift velocity was used (95% Ar + 51 propane C 3H e), a 
20 MHz clock was sufficient for the drift-time measurement, so that mostly low-power 
Schottky TTL (LSTTL) could be used except where timing considerations required the use of 
Schottky TTL (STTL). 

2. THE SYSTEM 

The system (Fig. 1) is divided into three main parts: analog, logic, and read-out. 
The analog and logic printed-circuit (PC) cards are mounted and connected by means of a 
50-way connector. This set is then plugged onto a chamber, consisting of a set of 16 tubes. 
The 50-way PC connector mounted on the chambers serves to bring the signals from the wires 
and to power the analog/logic sets. 

The power supplies for these sets are fed by copper bars fitted on the aluminium pro
file supporting the electronics. The connections to the 50-way connector are made using 
short cable-forms with "fastons" ' on the copper bars and a multiway connector mounted on 
the same PC as the output connector of the chambers. 

The read-out is mounted in a single-width CAMAC module (Read-Out Box, REOB) and reads 
16 analog/logic sets, i.e. 256 channels, writing the data into a buffer memory. The data 
and read-out controls are connected to the analog/logic sets with two twisted-pair bus lines, 
25 pairs for the controls and 20 pairs for the data. Each logic card is driven separately 
with a 20 MHz clock derived from a special NIM -+ ECL fan-out**). The fan-out drives 32 
twisted-pair cables, mounted in two cable-forms of 16 cables. Each cable is of a different 
length in order to ensure the same phase relationship of the clock to the drift-time mea
surement reference. A separate cable also ensures that the clock is not degraded by paral
lel pick-offs, keeping the correct mark/space ratio for the functioning of the logic. 

*) For instance Amp Germany type 180388-2 or equivalent. 
**) CERN type 4251 EP. 
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Disable LAM NA13F24 
Enable LAM NA13F26 
Test LAM NA13F8 LAM is set when memory address scaler reaches last 

address. 
Crate Clear C Clears memory address scaler and enables data 

transfer between the REOB and logic cards. 

MEASURED PERFORMANCE UNDER EXPERIMENTAL CONDITIONS 

Detailed results of the performance of the proportional drift tubes using the electronics 
described have been reported elsewhere2J and will be summarized here: 

A straight-line fit on the position of particle traversal shows a a of 0.85 mm. 
The relative variation of amplitude along the sense wire AA/A < 51. 
The threshold of amplitude conversion is < 0.75 pC. 
The FWHM resolution of a minimum ionizing muon traversing a tube is 581 for a mean 

charge of 4.3 pC. 
The threshold for time conversion is < 0.25 pC. 

The cost (components, construction, and check out) of this system is - 80 SF/channel, 
which includes power supplies and all ancillary electronics and cables up to the computer. 

TESTING AND RELIABILITY 

A special test box was designed for testing and debugging the analog/logic card sets. 
It was organized to test the linearity of the time and analog conversion at three different 
points on their curves. It has two modes of operation: 

i) SINGLE, where a print-out could be obtained for the three points on 16 channels or on 
one selected channel; 

ii) CONTINUOUS, where the test box sends all the control signals every 100 ys. This mode 
allows oscilloscope displays of signals and simplifies debugging. 

Each analog and logic card was tested against its respective standard card by the manu
facturer, and retested at CERN before and after an initial burn-in period of 24 hours to 
eliminate the initial breakdown of the components (infant mortality). The burn-in test 
gave an initial failure rate of ^ 12.5%. After installation there was another failure rate 
of ̂  30% during the first two months. The failure rate now, with 800 sets installed, is 
5 ± 2 cards per week from various causes, giving an MTBF/card of 26 x io3 h. 

The measured failure rate over six months, including the installation failures, is as 
follows: 

1 failure/card 13.8% 
2 " " 5.5% 
3 " " 3.01 

> 3 " 1.81 

This gives a total failure rate, for all causes, of 42%. In a system of this size which 
contains 1.7 x 10 5 ICs, 6.5 x 10 5 passive components, and = 5 x 106 soldered points, these 
are the failure rates to be expected. 
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Failures during the running of the experiment can be quickly discovered by the on-line 

analysis programs, and a card set can be changed and retested in situ in about 10 minutes. 

However, with the redundancy built into the experiment, one faulty card does not affect the 

data acquisition. 

7. CONCLUSIONS 

More than 12,000 channels of the electronics have been installed in the WA18 neutrino 

experiment at CERN. Figures 14 and 15 show the electronics installed on the detector. The 

over-all performance of the electronics has been completely satisfactory under experimental 

conditions. 
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ABSTRACT 

An electronic system for the read-out of a large number of proportional drift tubes 
(16,000) has been designed. This system measures deposited charge and drift-time of the 
charge of a particle traversing a proportional drift tube. A second event can be accepted 
during the read-out of the system. Up to 40 typical events can be collected and buffered 
before a data transfer to a computer is necessary. 

PUB/kw-be-el-hm 
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GLOSSARY OF ABBREVIATIONS 
1. CONTROL BUS 

CLCK CLOCK 
GECL GENERAL CLEAR 
GATE GATE 
READ READ BUSY 
SEDO SELECT DONE 
DARD DATA READY 
RESE REQUEST SELECT 
DARE DATA READ 
DACC DATA ACCEPTED 

LOGIC CARD AND ANALOG CARD CONNECTIONS 
HOLD HOLD WHILE CONVERTING 
STAC START ANALOG CLOCK 
EVBY EVENT BUSY 
RAEN RAMP ENABLE 
COMP(n) COMPARATOR (OF CHANNEL n) 
CSMP(n) CONTROL SAMPLE (OF SAMPLE n) 
TREN TRANSFER ENABLE 
PSET PRESET SCALERS 
GCLK GATED CLOCK 
TICK TIME CLOCK 
ANCK ANALOG CLOCK 
PREN PRIORITY ENABLE 
RHLD RESET HOLD 
OF OVERFLOW 



INTRODUCTION 

A fine-grain calorimeter has been designed for a neutrino experiment at CERN*-'. Part 
of this detector consists of a large number (16,000) of proportional drift tubes; these 
are used to determine the direction and the apex of neutrino-induced hadronic showers by 
measuring the distribution of the deposited energy. At the same time, muons are tracked by 
measuring the drift-time from the position of particle traversal to the sense wire. 

The goal of these electronics was 

i) to obtain an amplitude precision of < 101 for a minimum ionizing particle and to 
measure the charge deposited by up to 25 minimum ionizing particles; 

ii) to obtain, with the drift-time measurement and using well-controlled gas para
meters, a spatial resolution (a) of < 1 mm. 

In order to improve reliability, these specifications were to be obtained without using 
variable components. 

As a gas with a low saturated drift velocity was used (95% Ar + 51 propane C 3H 8), a 
20 MHz clock was sufficient for the drift-time measurement, so that mostly low-power 
Schottky TTL (LSTTL) could be used except where timing considerations required the use of 
Schottky TTL (STTL). 

THE SYSTEM 

The system (Fig. 1) is divided into three main parts: analog, logic, and read-out. 
The analog and logic printed-circuit (PC) cards are mounted and connected by means of a 
50-way connector. This set is then plugged onto a chamber, consisting of a set of 16 tubes. 
The 50-way PC connector mounted on the chambers serves to bring the signals from the wires 
and to power the analog/logic sets. 

The power supplies for these sets are fed by copper bars fitted on the aluminium pro
file supporting the electronics. The connections to the 50-way connector are made using 
short cable-forms with "fastons" on the copper bars and a multiway connector mounted on 
the same PC as the output connector of the chambers. 

The read-out is mounted in a single-width CAMAC module (Read-Out Box, REOB) and reads 
16 analog/logic sets, i.e. 256 channels, writing the data into a buffer memory. The data 
and read-out controls are connected to the analog/logic sets with two twisted-pair bus lines, 
25 pairs for the controls and 20 pairs for the data. Each logic card is driven separately 
with a 20 MHz clock derived from a special NIM •*• ECL fan-out***'. The fan-out drives 32 
twisted-pair cables, mounted in two cable-forms of 16 cables. Each cable is of a different 
length in order to ensure the same phase relationship of the clock to the drift-time mea
surement reference. A separate cable also ensures that the clock is not degraded by paral
lel pick-offs, keeping the correct mark/space ratio for the functioning of the logic. 

*) Proportional drift tubes for large calorimeter detectors, Nucl. Instrum. Methods 157, 
35-46 (1978). 

**) For instance Amp Germany type 180388-2 or equivalent. 
***) CERN type 4251 EP. 
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3. THE ELECTRONICS PRINCIPLE 

The electronics system (Figs. 2 and 3) is made to be free running; that is, it will 
continually reset itself after any charges arriving on the wire that are > 0.1 * a charge 
produced by a minimum ionizing particle = 2.5 pC, unless an external GATE signal arrives 
during 800 ns after charge arrival. GATE is a pulse of precise duration, produced in the 
case of an event trigger. Its front edge starts the data-taking phase of the electronics, 
and its back edge is used as a late time reference for the drift-time measurement. 

Assuming that a GATE signal arrives 800 ns or less after particle traversal, a compar
ator on the analog card is triggered at - 0.25 pC; this comparator is in the fast leg of 
the electronics channel, its front edge carrying the time information. The logic card then 
allows the analog card to collect charge for a further 800 ns. At the end of this 800 ns, 
the logic opens a switch and leaves a voltage, proportional to the charge, stored on a ca
pacitor. A high-impedance operational amplifier buffers this voltage to another comparator. 

During this time, the logic card is digitizing the time information by counting the 
number of clock pulses from the start of the front edge of'the fast comparator until the 
back edge of the GATE signal stops the clock. Essentially the time data are now stored in 
a scaler and the analog information on a capacitor. As the same scaler is used for digitiz
ing both time and analog information, the time data are now transferred to latches, the 
scaler is reset, and the amplitude digitization can start. After the transfer of time data 
to the latches, a precise voltage ramp is started; when the value of this ramp equals or 
just exceeds the voltage stored on the storage capacitor, the output of the second compara
tor falls, stopping the scaler counting. When all the comparators have returned to zero, 
their data are then transferred to the latches, because during the time of the amplitude 
conversion the time data have been transferred to a fast scratch-pad memory. 

At the end of the first amplitude conversion, the set of the two cards is ready to pro
cess a second event even if there has been no read-out. 

The read-out is organized so that only non-zero channels are read and written in the 
buffer memory of the read-out box (REOB). This memory contains 256 words of 25 bits to 
accept - 40 typical events before the data need be transferred into the computer. 

The read-out starts when the amplitude conversion of the largest charge on the 256 
channels associated with the REOB has finished. However, the front edge of the GATE signal 
sets the BUSY signal of the REOB, which remains set until the read-out starts. This pre
vents any triggers as long as the BUSY is set, which is necessary because the flags, telling 
the REOB which channels have data, are set only at the end of the transfer of time data from 
the latches to the scratch-pad memory or at the end of the amplitude conversion, whichever 
is the longer. This BUSY time lasts from the front edge of GATE until the end of the trans
fer of dummy time data to the scratch-pad memory, when there will be no data flags set and 
the logic will then accept another GATE. The minimum BUSY time is therefore (gate length + 
+ 3.2 us). 

During the read-out phase, if the analog/logic set has accepted a second event, the 
time data transfer to the scratch-pad memories and the amplitude conversion are initiated at 
the end of the read-out of the first event. Hence two events can be taken with a minimum 
dead-time of 3.2 us independently of the read-out, but after the second event the dead-time 
depends on the number of wires to be read. 
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Events are separated from one another in the buffer by a marker word, i.e. a word with 

a pattern that cannot occur in the data. 

The transfer of data takes place in CAMAC block transfer mode, the 32-bit word being 

transferred as 2 words of 16 bits, 25 bits as data from the memory and 7 bits as address 

generated during the transfer. The transfer can be initiated by a LAM from a full buffer 

in any REOB or externally via the computer system. 

4. DESCRIPTION OF ANALOG AND LOGIC CARDS., AND OF REOB 

4.1 Analog card 

The analog card contains 16 channels (corresponding to 16 drift tubes), providing 

drift-timè and charge-amplitude information for the logic card to digitize. The functional 

block diagram is shown as the analog part in Fig. 2, a circuit diagram in Fig. 4, and views 

of the card in Fig. 5a) and b) . The timing can be seen in Fig. 3. 

4.1.1 Charge amplifier 

The first stage (LF 357) is an operational amplifier configured as a charge amplifier 

converting an input charge Q from a drift tube into a voltage V = Q/C, where C is the feed

back capacitance and V the output voltage. (V.'ith C = 10 pF, this gives an output voltage V 

of 100 mV/pC.) 

The LF 357 was chosen for its high input impedance, low input offset voltage, low bias 

current, high slew rate (50 V/us), and stability with capacitive feedback. The positive 

swing is limited at +5.6 V by a Zener diode to remain within the limit of the common-mode 

specifications of the comparator (LM 1514). Two diodes (1N914) protect the amplifier input. 

A resistance (220 kft) in parallel with the feedback capacitor sets the d.c. operating level 

and gives a discharge time constant of 2.2 us. The output signal is split in two ways: 

i) the first leg (fast) is used to generate the time information; ii) the second leg (slow) 

generates the charge amplitude (analog) information. 

4.1.2 Time data generation 

One section of the comparator (LM 1514) is used as a time-over-threshold discriminator, 

with a threshold of (- 12 mV). It receives the charge amplifier signal, slightly differen

tiated (time constant =0.8 us) to avoid timing errors due to the offset voltage of the 

comparator and charge amplifier. The positive leading edge of the output "COMP" corresponds 

in time (+30 ns) to an input voltage level equal to about 20 mV {- 0.2 pC from the wire); 

the time position of this output leading edge contains the time information (TTL level). 

4.1.3 Analog data generation 

Only the amount of charge coming from a tube during the first 800 ns of collection time 

is measured. 

The charge voltage must be memorized during the complete digitization and latching of 

the time data on the logic card. 

A sample and hold circuit (14016, 470 pF, LM 310) follows the voltage at the output of 

the charge amplifier (LF 357) and stores it on a 470 pF capacitor when: 
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CSMP (n)-EVBY = 1, the analog switch is then open between pins 1 and 2; 
CSMP (n) = CONTROL SAMPLE OF CHANNEL n (one line per channel); 
EVBY = EVENT BUSY (common for all channels). 
CSMP starts 800 ns after the front edge of the comparator (COMP) signal (see later) 
and stops at the end of conversion. 
EVBY starts with beginning of the GATE pulse and stops at the end of conversion and 
transfers. 
These three control signals are provided by the logic card. The voltage stored on the 

470 pF capacitor is buffered by a voltage follower (LM 310) to pin 12 of the second section 
of the LM 1514, which receives a ramp signal"on its other input (pin 13). At steady state 
without event (the voltage at pin 13 being positive), output 1 is low (without the wired OR 
connection with pin 8). During the conversion, the voltage at pin 12 (analog data) sets 
the output to 1 until the ramp signal becomes more positive than the stored analog voltage. 
At this time the output falls. Positive feedback (100 fi, 3.3 kfi) improves the triggering. 
Thus the position of the trailing edge of the output voltage contains the analog information 
of the charge amplitude. The outputs 1 and 8 are a wired OR, and this signal is named 
COMP(n) (COMPARATOR OF CHANNEL n) and is sent to a logic card for digitization. 

4.1.4 Ramp generator 

This generator is common to all the amplitude comparators of the card. The ramp slope 
is about 0.4 V/ys, corresponding to 20 mV per bin (clock frequency is 20 MHz). The begin
ning and duration of the ramp is determined by the logic card Ramp Enable (RAEN). The Start 
Analog Clock (STAC) returns from the analog card when the ramp has started and is linear. 

The ramp generator is an active integrator (OP 16) receiving a constant and precise 
current through a MOS switch (SD 304); a JFET (BSV 78) discharges the integrating capacitor 
at the end of ramp. 

A voltage reference (REF 01) provides +10 V; this voltage is inverted to -10 V by the 
TL 081 (gain = -1). The MOS switch generates a current 1^ = 10/26.1 x 103 = 380 uA. The 
output voltage V 0 of OP 16 has a slope S: 

S = = p—pr = =0.38 V/ys . 
C V L 26.1 x 103 x 10"9 

The RAEN signal is inverted by an SX 3704, which cuts off the BSV 78 and SX 3703 and 
switches on the MOS switch for the duration of RAEN. A 1.2 kn injects a current to the 
other input of the integrator to provide a negative step so that the ramp starts from a 
negative pedestal; hence the linearity is already good when the RAMP approaches 0 V. The 
zero crossing is sensed by a discriminator (LM 361). 

The output of the discriminator (LM 361) falls when the ramp is more positive than the 
voltage determined by the bridge (3.9 kfi, 6.8 Q) = 20 mV. It is strobed by a RAEN slightly 
delayed from the output of an SX 3704. After inversion by an SX 3704, the STAC is sent to 
the logic card. 



- 5 -

4.2 Logic card 

The logic card controls the analog card, digitizes the data available from the analog 
card, and presents them for read-out by a specialized REOB. A functional block diagram is 
shown in Fig. 6, timing diagrams in Fig. 7, a circuit diagram in Fig. 8a) and b), and views 
of the card in Fig. 9a) and b). Essentially, when an event occurs, a signal called COMP(n) 
(where n is number of channel 0-15) is generated by the analog card; the leading edge of 
the signal contains the drift-time data, and its trailing edge the analog data. 

The logic card is triggered by a GATE signal of precise length; the leading edge 
starts the logic card, and the trailing edge is the late time reference. Each data channel 
is based on scaler latches and is so arranged that when a trigger occurs the data is accep
ted always 800 ns after the leading edge of COMP(n). At this point the analog data are 
stored on a capacitor, and the time data are digitized and stored in a scaler at the end of 
GATE. 

At the end of GATE, the time data are transferred to latches, the scalers preset to -1 
as a flag, and the analog conversion starts. During the analog conversion, the time data 
in the latches are transferred to a fast scratch-pad memory. This transfer takes 3.2 ys, 
and this determines the minimum dead-time of the electronics system before it accepts an
other event. 

The analog conversion will carry on until all the channels are converted, i.e. all 
COMPs are completed or there is an overflow. At this time, or at 3.2 ys after the start of 
the conversion because of the transfer of the time data to the local memory, the analog 
data are transferred to the latches and the handshake read-out is initialized. This read
out takes data from the local memory and the latches in parallel. Time data are in the 
memory and analog data are in the latches. Only channels with any analog data are read out. 

Four bits are added to the 16-bit data used for the address of the channel with data. 

If a logic card receives a GATE and no channel has data, the logic behaves in the same 
way until the end of the transfer of the latches to the memory. At this point the card re
sets itself and is ready for the next trigger (GATE). 

4.2.1 Initializing 

The initializing has two stages in order to be able to use a General Clear (GECL) for 
a slow-decision reject after an event has been accepted, without disturbing the read-out of 
a previous event which may be in process. 

4.2.2 Data acquisition ehannel 

After initializing, the gated clock (GCLK) is present at the clock inputs (Cp) of all 
the scaler latches of (31)14 -+ (26)14 *'. The data acquisition channels will then function 
independently until the normal logic sequence starts. 

Taking channel 0 as reference, a signal from its tube generates a COMP which is synchro
nized with GCLK via (3)9; (3)2 is the synchronized COMP that allows the scalers to count 
(synchronization is necessary for correct counting by the scalers). At the overflow 

*) [*Njn means pin number n on IC number N on the circuit diagrams. 
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(16 counts = 800 ns) of the first scaler (31)7, the bistable (15)7 is set. This bistable 
generates the signal control sample (CSMP), which opens the sample switch on the analog card 
if there is a HOLD signal sometime during the start of COMP and the overflow of the first 
scaler, thus storing the analog data. The leading edge of HOLD is generated by the leading 
edge of GATE (see Section 4.2.3). 

However, if there was no HOLD signal during this time, the switch remains closed and 
the COMP falls after the decay time of the charge amplifier. The trailing edge of COMP re
sets (15)7 to 1 and clears the scalers. 

4.2.3 Normal logical start and drift-time measurement 

The sequence is started by the GATE signal. This is a pulse of precise length, the 
trailing edge of which is used as a late time reference for the drift-time measurement. 
The leading edge sets (82)5 to 1 setting EVBY (68)4 to 1. The trailing edge is synchronized 
with the clock (CLCK) at (69)11 by the trailing edge of the first clock pulse following the 
trailing edge of GATE. This sets (69)9 to 1 starting HOLD. HOLT holds off GATE; (69)7 
stops the gated clock (GCLK). As COMP (see Section 4.2.2) starts the scalers counting, the 
drift-time measurement is from the start of COMP until GCLK stops, i.e. from leading edge 
of CCMP until end of GATE. 

Hence on those channels where the start of GATE is less than 800 ns after the start of 
COMP, time data are stored in their scalers. 

4.2.4 Entering time data into latches 

A negative transition of (69)7 triggers a monostable (-101)10 via (86)5 and 6, generat
ing a Transfer Enable Pulse (TREN) = 70 ns long, appearing at (68)10 and (67)10 and driving 
(31)15 -> (62)15. This TREN transfers the data in the scalers to the latches. 

4.2.5 Analog conversion and transfer of time data 
from latches to scratch-pad memory 

The leading edge of TREN sets (82)8 to 0 and the trailing edge (69)5 to 1, enabling 
(83)9 to pass the second TREN. This trailing edge also triggers a monostable (101)1 after 
a delay RC = 20 ns, generating a Preset Pulse (PSET) = 70 ns long, appearing at (67)1 and 
(67)13 and driving (31)13 •+ (62)13. PSET sets the scalers to 255, thus setting the channel 
overflow (TC) to 1, which is used to set a flag to indicate which scalers have no data. 

The first PSËT at (67)4 clears the priority flag bistables (15)15 •* (30)15, activating 
the priority encoding loop. 

The trailing edge of the pulse from (101)13 triggers a monostable (100)9; the output 
of this monostable (100)5, Priority Enable (PREN) = 100 ns long, enables the priority en
coding loop, setting the output (76)12 to 1 if the priority encoding loop is activated. 
The trailing edge of PREN enables output 0 of the demultiplexer (77)1 and the memory (74)2 
and (75)2; (77)1 enables the scaler latch outputs, and so the data in channel 0 is entered 
into the memory at address 0. The demultiplexer (77)1 also presets the flag bistable of 
channel 0, (15)5, so that the priority encoding loop will now select channel 1. 

The trailing edge of PREN (85)5 sets the RAEN to "1", which starts the ramp for the 
analog conversion. When the ramp has passed a certain minimum threshold it generates a 
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STAC. An AND of the RAEN and STAC (98)9,10,8 is synchronized with the clock at (86)11. 
The output of this bistable (85)9 restarts GCLK for digitizing the stored analog data. 

This part of GCLK is counted by an 8-bit scaler, which generates an overflow flag and 
also divides the 20 MHz clock to 5 MHz (̂  4); this is used to drive the priority encoding 
loop to transfer the rest of the time data to the latches. 

This 5 MHz (80)2 drives the same monostable (100)10 that generates the PREN, via (98)1 
to 3, (99)5 to 4. The leading edge of the output (100)5 disables the demultiplexer and the 
memory, and sets the next address at the outputs (76)2,5,7,10. The trailing edge enables 
the output on (77) given by the address at the outputs of (76), in this case just after 
PREN, output 1 (77)1, which enters the time data of channel 1 to the memory and presets the 
flag bistable of channel 1 (16)5. 

This process continues until the last flag bistable has been preset; thus (76)12 is 
reset to 0 and all the time data have been transferred to the memory. During this transfer 
the channels with data CCMP(n) = 1 have been counting until their COMP(n) = 0. 

At the end of the last transfer, the trailing edge of (77)17, a PSET is generated set
ting the flag bistables to 0. Also, if at this time ECOMP = 0, RAEN is reset to 0 and GCLK 
is stopped. 

However, if ZCCMP = 1, RAEN is reset to 0 at either the trailing edge of ECOMP or by 
an overflow flag generated by (80) appearing at (81)8. The counting of any channel is 
stopped at count = 254 if CQMP = 1 when the overflow flag is set. This count is used as a 
software flag indicating that the input charge is out of range. 

4.2.6 Transfer of analog data to latch and setting card for read-out 

At the transition of RAEN from 1-0 the second TREN is generated at (101)12, now trans
ferring the analog data from the scaler to the latch. 

The second TREN also drives the clock input of the flag bistable of (15)1 -»• (30)1, 
setting the output (15)5 -»• (30)5 to 1 on those channels with no analog data, TC = 1 (see 
Section 4.2.5). It also passes (83)10 to 8 and resets (82)6 to 1 at the leading edge and 
(69)6 to 1 at the trailing edge, thus ending (EVBY); (68)4 goes to 0. 

The back edge of TREN generates another PREN, the leading edge of which sets (76)12 toi 
if there are any data activating the priority encoding loop, and the address of the highest 
priority channel with data is flagged. The trailing edge of PREN enables (77) and the mem
ory, so the data of this channel are now on the data bus, from drivers (63), (64), (65), 
(88), and (89); however, these drivers are not yet enabled. 

The trailing edge of EVBY passes (84)1 to 3 and generates a Request Select (RESE) at 
the output of (87)12 and 13, which is the card telling the REOB it is ready to be read. 

When the REOB is in a state to read the card it replies with a Read Busy (READ) and a 
Select Done (SEDO). It then selects the card to be read, using the RESE lines in reverse: 
SEDO disabling the RESE driver on the card (87)3 and enabling Data Request (DARE) (102)3, 
the Data Ready (DARD) (87)4, and the data output drivers on (63)6, (65)6, (88)6, and (89)6. 
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4.2.7 Resetting logio to acaept another event 

The 1-0 transition of RAEN also resets the ramp generator which resets the STAC. The 
trailing edge of the STAC will be unstable until the ramp has settled. The STAC drives a 
retriggerable monostable (100)1, and each transition from 1 to 0 causes the monostable to 
add 0.5 us from that transition; hence a clean pulse is generated at the end of the STAC. 
The trailing edge of this pulse (100)13 resets HOLD (69)7, and enables the logic to accept 
another GATE, even when the card is being read out. 

If this card (or any other card) on the bus is being read out, the READ is at 1. Under 
this condition the time data are held in the scalers and the analog data on the capacitors. 
The transfer process will then start on the 1 to 0 transition of READ, the first TREN then 
being generated by (101)10, triggered via (86)4 and 6 from (97)10 to 8. The card then 
continues as from the normal start (Section 4.2.3). 

4.2.8 Read-out handshake 

The AND of the SEDO and RESE. triggers a monostable (93)10 used to delay the output of 
the DARD before the handshake starts so that the data drivers will have had time to settle 
to their differential mode, after their enable. 

The leading edge of DARD activates the REOB which, when it has accepted the data, re
plies with a Data Accepted (DACC). The DACC triggers (100)10, generating a pulse = PREN 
which switches to the channel next in priority at the leading edge, and the trailing edge 
is effectively the leading edge of DARD, to which the REOB replies with DACC. This process 
continues until there are no more data on the card, when (76)12 resets to 0 and hence DARE 
resets. 

Thus the analog and time data are read in parallel from the latches and memory, respec
tively, the analog data being used to select any non-zero channels. 

4.2.9 Card triggered with no data. GATE and no COUP. 

In general only a fraction of the cards will contain data generated by a physics event 
in the detector. The rest, although receiving a GATE, will not generate a COMP. 

As, however, the card starts normally, the GATE generates HOLD and EVBY, as described 
in Section 4.2.3, and these have to be reset as though the card was processing data. Bi
stable (82)8 is set to 0 by the first TREN and enables (85) via (97)2 so that the PREN can 
set the RAEN (86)5, and hence the card will act as if it were transferring the time data to 
the memory. During this transfer, (82)8 is reset to 1 by (77)9 so that (77)17 can reset 
RAEN after the transfer. Thus EVBY is reset by the second TREN, and HOLD by the pulse at 
the end of STAC. The GCLK is held off by SCOT-IP during this transfer, so no counting is 
possible by the scalers. No data handshake can start as there is zero in all amplitude 
channels. 

4.3 Read-out box (REOB) 

A functional block diagram of the REOB is shown in Fig. 10, waveforms in Fig. 11, and 
the circuit diagram in Fig. 12. Views of REOB are shown in Fig. 13a), b) and c). 
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The REOB is the single-width CAMAC module which performs the read-out functions. It 
provides the line drivers necessary to drive the 16 cards that may be on a bus, i.e. GECL, 
GATE, READ, SEDO, RESE (used in both directions), and DACC. It reads and buffers the data 
from the cards, recognizes the end of an event, and adds to the buffer six bits of address, 
an "end of event" word containing hit and event counts, and a marker word to separate 
events. These words are formatted in a suitable way for a later CAMAC block transfer. 

It can also read only certain cards on the bus with a CAMAC command, which is useful 
for looking at data from specific regions of the detector, and also for debugging. 

4.3.1 Start of read-out cycle 

The event cycle starts with the reception of a GATE signal which is fed to the logic 
cards via (142)11. This sets a BUSY on the REOB, which stays on until the end of conversion 
of the highest amplitude of the cards attached to that REOB. The read-out cycle starts at 
the end of this conversion. This is detected by an OR of all (ORAL) the RESE lines. Each 
RESE line is assigned to one card. The ORAL is normally low and goes high at the conversion 
end. The READ bistable is set by the positive-going edge and inhibits its trigger input 
via (62)10. 

4.3.2 Request detection 

The READ enables the monostable 3, (33)3, and monostable 4, (50)3, the priority logic 
(108)5 and (112)5, and the hit count scaler (89)4 and (90)4. It blocks the CAMAC functions 
F0 A0 and F9 A0 via (70)12, and triggers the monostable 1, (35)1. The READ is fed to the 
logic cards and sets their status of having data or not on the RESE lines. The back edge 
of the pulse from (35)1 clocks the status of the logic cards into the D-type bistables (93) 
through (100). They provide a register for the REOB priority encoding loop. The front 
edge of (35)4 clears the BUSY, the time-out bistable, in case it was set by the preceding 
event, and triggers monostable 2, (35)10, with the back edge. The pulse from monostable 2, 
(35)5, triggers (33)2 with the front edge and, with the back edge from (35)12, clocks the 
highest priority address from the priority encoder 108 + 112 to the latch (86), and sets 
the request bistable to the state of the D input (18)12. 

4.3.3 Card selection 

If a card on the bus has data, its priority encoder would detect this and set the D 
type (18)9 to 1. This is fed to the logic cards via (137)10,11 as the SEDO. This disables 
the RESE drivers on the logic cards and enables the select drivers in the REOB so that the 
RESE lines are used in the other direction as select lines. The AND of SEDO and RESE enables 
a card for data transfer. The receivers for DARD and DARE are biased in order to have a 
stable signal even when the drivers are being enabled or disabled. 

The data register (102, 104, 105), the address latches, and the address decoder are 
enabled by the request bistable (18)8, which also inhibits the hit count and event count 
scalers. This is done during the length (150 ns) of the pulse from monostable 3, (33)13. 
The back edge of this pulse enables the address decoder, selecting a card, and resets the 
corresponding bit of the priority register loop. Thus the priority encoder can jump to the 
next address and stabilize while the first card is being read. The time-out monostable is 
triggered at this time; thus if no data transfer takes place during its pulse duration, 
its back edge initializes the next card selection cycle and sets the time-out flag (32)9. 
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4.3.4 Data transfer 

The data transfer is asynchronous with a handshake; thus the speed depends on the 
length of the bus. The selected card puts up a DARD indicating valid data on the bus. The 
REOB replies with a DACC when the data are stored in the data latches 102, 104, and 105. 
The positive edge of the DARD triggers monostable 4, (50)2, its output triggers bistable 
(49) with the positive edge, and monostable 5, (50)9 with the back edge; this produces the 
DACC pulse. The back edge of the DACC pulse generates a memory enable pulse of 150 ns from 
monostable 6, (66)9, which clocks the data into the memory. The DACC monostable is inhibited 
during this time as, when the logic card is a short distance along the bus, the handshake 
tries to go faster than the memory write cycle. In this case a DACC is put up at the end 
of the memory cycle. Each DACC retriggers the time-out monostable, so that while a normal 
transfer is taking place no time-out bit is set. After the last data transfer from the 
card, the DARE is removed. This negative edge triggers monostable 7, (33)9; its output 
(33)12 triggers monostable 2, which will initialize a new card-selection cycle. The mean 
rate of data transfer on the bus is 2 MHz. 

4.3.5 Selective read-out mask 

The mask register [(41) and (92)3 i s s e t b v a n F 1 7 M w i t h t h e CAMAC write lines Wl 
to 16 set to 1 for the cards to be masked. This level inhibits the request inputs from the 
specified cards on (109) to (115) so that its priority loop input cannot be enabled. 

4.3.6 Time-out 

A time-out is built into the REOB so that data taking will continue when a card does 
not respond in a time set normally to = 1 us. After 1 us the REOB jumps to the next card 
indicated by the priority encoding loop, and sets a flag in the data word so that the user 
knows an error has occurred. This flag remains set during the read-out until the end of 
the event. 

The time-out length is set by a monostable (19). It is triggered each time a card is 
selected, is retriggered by a DACC, and is cleared by the Q of monostable 2, (35)12. The 
bistable giving the time-out flag (32)9 is set by the positive-going edge of the time-out 
monostable, depending upon the state of the output Q, monostable 7, (33)12. With no time 
out, the data transfer is terminated by the end of DARE. Thus the Q goes low and the bi
stable (32)9 is not set. 

4.3.7 Buffer overflow 

If a buffer overflow occurs during the data acquisition it must be detected and flagged 
because all following events will be invalid. They can be eliminated after the transfer to 
the computer. 

When a buffer overflow is detected, the LAM overflow bistable (83)6 is set. This 
initializes a new card-selection cycle via (63)2, and inhibits the request for a new card 
selection; (78)9 is set to 0. This then generates a marker word with bit 23 set to 1, and 
overwrites the last word in the memory with this marker word. 

This overwriting continues for all the following events, but the event count is up
dated at each following event and the hit count set to zero. With this information it is 
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easy to find by software where the last complete event occurred. The overwriting can only 
be stopped by a CLEAR command which is sent between machine bursts. 

4.3.8 Data format 

The data are organized as 32-bit words holding information from one wire. A marker 
word is detected by setting the amplitude to 255 for wires with no data. The amplitude 
conversion is therefore stopped at 254. The data from a wire are arranged as follows: 

30 2<± 20 L5 8 0 

0 MODULE 
ADDRESS 

CARD 
ADDRESS 

WIRE 
ADDRESS AMPLITUDE DRIFT TIME 

Bit number Label Value 
0 to 7 Drift time 0 to 255 
8 to 15 Amplitude 0 to 254 
16 to 19 Wire address on logic 

card 0 to 15 
20 to 23 Card address fixed by 

bus 0 to 15 
24 to 29 Module address 0 to 63 
30 Identification for 

proportional tubes 0 
31 Time-out set if a time out 

has occurred during event 0 or 1 

An end-of-event word is arranged as follows: 
3 1 2 it 2 3 16 

EVENT COUNT MARKER HIT COUNT 

Bit number 
0-7 

8-15 
16-22 

23 
24-31 

CAMAC functions 

Read module NA0F0 
End of block NA0F8 
Clear counter NA0F9 

Write module and NA0F16 
plane address 
Write select mark NA1F17 
Clear LAM NF10 

Label Value 
No./Hits/event 
Hit count 0 to 255 
Marker 255 
Event count 0-127 
Buffer overflow flag*) 0 or 1 
Same meaning as 
data word 

Is read as block transfer in Q-END or Q-REPEAT mode. 
Used in Q-REPEAT mode as a dummy. 
Clears memory address and inhibits data transfer 
from cards to module. 
Sets module address and is returned with data on 
read-out. 
Sets card select mask for selective read-out. 

*) The memory buffer depth is deep enough for more than 127 events, but only seven bits are 
transmitted owing to lack of space in the marker word. 
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Disable LAM NA13F24 
Enable LAM NA13F26 
Test LAM NA13F8 LAM is set when memory address scaler reaches last 

address. 
Crate Clear C Clears memory address scaler and enables data 

transfer between the REOB and logic cards. 

5. MEASURED PERFORMANCE UNDER EXPERIMENTAL CONDITIONS 

Detailed results of the performance of the proportional drift tubes using the electronics 
described have been reported elsewhere2 ,3J and will be summarized here: 

A straight-line fit on the position of particle traversal shows a a of 0.85 mm. 
The relative variation of amplitude along the sense wire AA/A < 5%. 
The threshold of amplitude conversion is < 0.75 pC. 
The FWHM resolution of a minimum ionizing muon traversing a tube is 58°s for a mean 

charge of 4.3 pC. 
The threshold for time conversion is < 0.25 pC. 

The cost (components, construction, and check out) of this system is = 80 SF/channel, 
which includes power supplies and all ancillary electronics and cables up to the computer. 

6. TESTING AND RELIABILITY 

A special test box was designed for testing and debugging the analog/logic card sets. 
It was organized to test the linearity of the time and analog conversion at three different 
points on their curves. It has two modes of operation: 

i) SINGLE, where a print-out could be obtained for the three points on 16 channels or on 
one selected channel; 

ii) CONTINUOUS, where the test box sends all the control signals every 100 ys. This mode 
allows oscilloscope displays of signals and simplifies debugging. 

Each analog and logic card was tested against its respective standard card by the manu
facturer, and retested at CERN before and after an initial burn-in period of 24 hours to 
eliminate the initial breakdown of the components (infant mortality). The burn-in test 
gave an initial failure rate of = 12.51. After installation there was another failure rate 
of = 30'o during the first two months. The failure rate now, with 800 sets installed, is 
5 ± 2 cards per week from various causes, giving an MTBF/card of 26 x 103 h. 

The measured failure rate over six months, including the installation failures, is as 
follows : 

1 failure/card 13.81 
2 " " 5.51 
3 " " 3.01 

> 3 " " 1.81 

This gives a total failure rate, for all causes, of 421. In a system of this size which 
contains 1.7 x 10 5 ICs, 6.5 x 10 5 passive components, and - 5 x 10 6 soldered points, these 
are the failure rates to be expected. 
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Failures during the running of the experiment can be quickly discovered by the on-line 
analysis programs, and a card set can be changed and retested in situ in about 10 minutes. 
However, with the redundancy built into the experiment, one faulty card does not affect the 
data acquisition. 

7. CONCLUSIONS 

More than 12,000 channels of the electronics have been installed in the WA18 neutrino 
experiment at CERN. Figures 14 and 15 show the electronics installed on the detector. The 
over-all performance of the electronics has been completely satisfactory under experimental 
conditions. 
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Fig. 10 Read-out box logic diagram 
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Fig. 11 Waveforms of read-out box 
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Fig. 13 a,b,c) Views of read-out box 



Fig. 12 Read-out box circuit diagram 
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Fig. 14 Close up of cards mounted on detector and showing covers for cooling by the chimney 
effect 



Fig. 15 General view of cards on the detector 


