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/ ABSTRACT: 

A brief explanation of the physics of mu1tiwire proportional chambers 

and their uses in high energy physics experiments is given. This particular 

project attempts to resolve "coincidently" pulsed wires on different chambers 

for five physically different experimental configurations. It employs three 

general types of circuits, each functionally distinct. Driver units provide 

line termination, signal regeneration, and fixed time delay insertion. 

Matrix boards govern the "valid coincidence pairs"as determined by the 

physical arrangement of two sets of MWPCs and the experimenter's target. 

Receiver boards counteract crosstalk while providing a "coincidence" output 

only when the predetermined pairs of wires from separate MWPCs are activated. 

A prototype model is discussed, and results from the completed boards are 

explained in their relationship to the project requirements. 
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INTRODUCTION 
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Often, in the macroscopic world in which we live, observation (detection) 

and interpretation (data reduction) of an event is accomplished by the use of 

the human senses and is relatively straightforward. But in the sub-microscopic 

world of high energy physics, the contrary is true. Physical sizes and 

elapsed times are so small that the human senses are completely useless, and 

electronic instrumentation must be completely relied upon. 

In most high energy physics experiments a beam of subatomic particles 

is directed electromagnetically or electrostatically onto an experimenter's 

target~ By varying any of many parameters, e.g. target dimensions and location, 

interacting magnetic fields, and detector sensitivity and location, an 

experimenter may carry on a search for new knowledge about the physical world. 

Early in the design of his experiment he must decide on the appropriate 

detectors required by the constraints of his system. 

Detectors ,are one of the most important parts of any measurement system. 

For this reason, a great deal of research has been directe~ toward producing 

,better detectors. Spark chambers filled with an inert gas and bubble chambers 

filled with liquid hydrogen have been used for years to detect the "spray" of 

subatomic particles emitted from the target as a result of an incident beam. 

Recently a new type of detector, named the multiwire proportional chamber 

(MWPC), has begun widespread use. 
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Physically, an MWPC is a structure consisting. of a square box a few 

centimeters high. Through the center space is strung a plane of cylindrical 

wires equally spaced a few mUlimeters apart. The space is filled with an 

appropriate gas allowing cylindrical equipotentialsaround the wires. When 

an incident charged particle, in this .project a proton, passes through the 

chamber near one of the wires, it avalanches a small amount of charge into 

the wire. This charge ,.which is represe~ted in time as a pulse ~ is a,mplified' 

to a usable level. With chambers oriented in two axes along the path of. the 

proton beam, both spatial and time resolution may be easily determined. 

When a negative pulse is generated on a wire by the development of 

avalanches,. then the neighboring wires simultaneously experience positive 

pulses. This is independent of the wire spacing. Thus the sensing amplifiers 

are made, sensitive only to negative pulses and, therefore, the wires, act 

as independent proportional counters with a sensitivity"or resolution" 
, . 

equal to half the inter-wire spacing. A rigorous derivation of the mechanism 
. 

responsible for this automatic decoupling between adjacent wires is given 

by G. Charpakin "Evolution of the Automatic Spark Chambers", 1970 

Annual Review of Nuclear Science. 

This proj ect 'is part of an experiment which employs several MWPCs. 

Although the methods used are applicable to practically every use of MWPCs, 

this project is designed for the requirements of this particular experiment. 

It is part of the detector instrumentation and, as such, maybe used with 

many different physics experiments with the same physical constraints. 

, ~ .. 
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The upstream end of this experiment consists of a set of MWPCs with 2mm 

wire spacing. A set of MWPCs is one horizontal and one vertical chamber 

corresponding to the X axis andY axis respectively. These upstream chambers 

are referred to as P I chambers. Thirty~eight feet downstream is another 

set of MWPCs, . the P II chambers, with lmm wire spacing. All chambers consist 

of 64 equally spaced. wires. The target, a lOmm square, is movable and ,may be 

positioned at a distance downstream of the P II chamber ofS feet, 8 feet, 

14 feet., 26 feet, or 38 feet. This lOmm square is a "virtual target" that 

the beam is focused to, pass through. The actual target is a stationary 

chamber filled with liquid hydrogen or deuterium, or it may be replaced by 

a carbon block for other experiments. It is placed immediately downstream 

of the P II chamber. 

When the proton beam is turned on, a particle travels through the P I 

and P II chambers before arriving at the target location. Depending upon its 

angle of projection and spatial position it mayor may not strike the target. 

The"experimenter needs to know that a "valid event" has occurred when a 

particle passes through the MWPC chambers with the necessary angle and 

position so that it would pass through the square "virtual target" if it 

was not deflected by the actual target. When a valid event has occurred, 

additional parts of the experiment are activated. The path of flight of 

the particle is recorded by sending the amplified signals from the P I and 

P II chambers to flip-flops acting as memory elements. 

As will be shown later, one may predetermine all of the coordinates 

for all possible valid events by using a geometric argument with the chamber 
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locations arid wire spacing. So one could place all the possible valid 

coordinates in the memory of the PDP-II, used by the experiment for data 

reduction, and when a particle traveled through 'the system, the computer 

could read the coordinate flip flops and determine. whether or not the path' 

could produce a valid event. There are 8 signal wires 'from the chamber 

amplifiers for each 16 bit computer word. This word gives the wire status 

and address (chamber location). Through the use of a decoding scheme at 

the wire amplifiers, the proper word for each event is apparent to the 

computer. There are a total of 6 chambers in the e?'Perim~nt, although 

the coinciderlcematrix only uses 2 of them. Thus, the 12 X and Y planes 

and some other required experimental data require a total of 20 words per 

event. To read these words would take about SlJsec each. Thus, a total 

of nearly 100 lJsec would be required for the computer to analyze each 

event. Due to the very low ratio of valid to invalid events that .the 

experimenter expects, this dead time is too long. This . time will be 

required to read the coordinates of valid events, but much less time must 

be wasted in the determination of invalid events. This is where the need' 

for a very fast coincidence matrix to determine event validity arises. 
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PROJECT REQUIREMENTS 

One of the most important constraints on the coincidence matrix is that 

i.t produce a decision as to event validity or non-validity as rapidly as 

possible. During the time required to make this decision, the entire 

experiment is disabled. If another event occurs during this time, even 

though it may .be v~lid, it is ignored because the matrix is busy with a 

previous event. The experimenter has determined that a decision delay time 
I 

of less than 70 nsec .is desirable. 

Another time that is of importance to the coincidence matrix is the 

/ 

overlap time !equired of the two signals to recognize them as being 

coincident. The matrix will accept signals from both the P I and P II 

chambers. Designed into the matrix are the coordinate pairs on which signals 

must exist to produce validity. If signals do exist on any of these pairs 

·of wires in coincidence with each other, then an output pulse indicating 

vslj.dity is issued. Thus the proper P I and P II wires must both exhibit 

signals that are present together at the matrix for a definite amount of 

time. This constitutes the required overlap time needed by the matrix 

components. 

The amount of time that the signals may jitter in relation to each other 

. directly affects the amount of time that they overlap one another. The 

signals from the chambers are negative 40 nsec pulses. The existing jitter 

between signals coming from corresponding wires of adjacent chambers, i.e. 

qiscounting any time-of-flight.delays, results from two causes. First, there 

is up to a 15 nsec wire-to-wire difference depending on the ionization distance. 



That is, a signal generated from the avalanche of a particle equidistant 

between wires may be as much as 15 nsec later than that from a particle 

which struck the wire directly. And secondly, there may be as much as a 

6 

30 nsec time difference due .to different input levels to the wire amplifiers. 

Particles which travel slowly through the chamber impart more energy to 

the wires than .do faster ones. Thl,ls a particle may induce increasing energy 

levels in subsequent chambers. The amplifier output.may vary.in time due 

to the difference between minimum and overdriven inputs. Therefore, the 

40 nsec signals may jitter up to 45nsec; leaving no overlap whatsoever. 

The matrix muSt deal with this possibility appropriately. 

A final time constraint concerns the passive delays in the system due 

to the- tinie-of~flight through 38 feet of air and propagation delays through 

38 feet of wire. The matrix must, therefore, induce a fixed delay so as to 

br.ing the signals together at the same time. The job. of the coincidence 

matrix is not to determine that the particle arrived at the P I chamber 

first, that is apparent. Its Job is to determine that an appropriate pair 

of PI, P II wires were excited. By "coincidence" in the name "coincidence 

matrix" it is meant that a single particle excited an appropriate pair of 

wires •.. That is, after the matrix eliminates, by fixed delays, the time of 

. flight of the particle. from the Pl. to P II chamber,. is an appropriate pair .. 

of wires coincidently excited? 

Since the amplifier output is at TTL levels, noise immunity over the 

38 feet of cables between the chambers must be considered. The matrix is 

constrained to withstand only 0.4 volts of noise margin unless some TTL to 

MECL conve~sion is implemented. Noise .margins must also be considered 
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within the matrix itself because capacitive1y coupled crosstalk may be 

present betwep.n physica1lY,c10se conductors. 

As with most systems, a certain degree of flexibility is required. 
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With this system, Iflexibility must be present in two forms. First, it must 

be relatively easy to change the set of "valid coincidence pairs" when the 

experimenter changes his focal position. It is anticipated that this may 

be done" as often as hourly. This requires that any manual operations 

performed must be fast, uncomplicated, and easily mastered. If components 

are removed, they must be readily available and protected from loss or 

dama~e while not in use. Also, the, contacts interconnecting frequently 

removed parts must be highly reliable. The s'econd form of flexibility 

required for this system is that the "valid coincidence pairs" be alterable 

for any given focal position. If, after the experiment has progressed for 

ashort period of time, the experimenter decides to slightly alter the size 

of his virtual target, the changes required for the coincidence matrix 

should be minimal. This stipulates that the available space and power be 

considered with a safety margin for future possible changes. 

And the final demand upon the coincidence matrix by the experimenter 

is that it be small and inexpensive. There are definite tradeoffs to be 

considered between size and cost. Engineering time required to fit 

everything into a small space can easily outweigh the advantages of smaller 

and cheaper mounting facilities. Crosstalk increases with closer conductors 

which would be necessary with a smaller system. 
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All of these constraints influence the circuit configurations employed 

to dete'rmine event validity. Using them" various possibilities may be 

discarded or weighed objectively. The final circuit configuration selected 

will be the one which best fulfills them. In the next section, Circuit 

Selection, they will be a constant guide. 
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CIRCUIT SELECTION 

As stated earlier, all Jfthe "valid coincidence pairs"may be derived 

geometrically once the chamber. locations and wire spacings are known. Since 

the.: entire system is identical in both the X and Y axes ,the following 
I 
! 

discussion will only deal.with one axis with the understanding that a direct 

an'alogy exists with respect to the other one. Figure 1 shows the method 

used to generate the coordinate pairs that constitute all of the valid or 

acceptable signals for a given target position. 

The basic wire selection criteria is to reject all wires that don't 

absolutely require particles traveling through them to enter the lOnun square 

target.· An excitation of the P I chamber wire 1, for example,may be caused 

by a particle traveling through the chamber anywhere within the region from 

A to B. These points correspond to half the distance between adjacent 

wires, which is the maximum distance over which an avalanche will occur to a .. 
given wire. Therefore, to design for the worst case condition, this discussion 

will always assume that the particles are the maximum allowable distance 

from the wire in the direction that results in the smallest set of valid pairs. 

The price paid for this conservative approach is that the set of valid pairs 

must be easily alterable in small amounts if, after system operation, the 

experimenter decides we were conservative to the point of eliminating 

otherwise valid events .. 

Again referring t() Figure 1, we see that the middle of the P I chamber 

occurs at ·point D, exactly midway between wires 32 and 33. Points C and E are 

. each 5mm from D, thus making theCE distance equal to the target height of lOtll!:l. 
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The maximum P II wire must be below point B' and the minimum wire above A'. 

Notice that 'these result from projections coming from lmm, or half the inter.;., 

wire spacing, away from the P I wire!' 

MAX .. B' D' - 1/2 P II wire spacing =(B' C' + SIIDD) - O. Smm . 
.. B'C' + 4.Smm 

MIN .. A'D' + O.Smm= (A'E'7 Smm) + O.Smm 
... A'E' - 4.Smm 

Similar triangles exist between B-C-target andB'-C'-target, and between 

A-E-target and A'-E'-target. Therefore: 

B 'c' X ---- = ~~-------BC 38 feet + X 
B ' C' = (BC)(X) 

. 38' + X 

Now: . BD= (31 wire spaces) (2mmper space) ... 62nnn 
BC -= BD - 5mm ... 62mm - 5mm= S7mm 

Therefore: MAX
·_(57mm)(target'location) + ' 

- 38' + (target location) 4.5mm 

And: A'E' 
AE 

X .............. ~-
38' +X 

A'E' = (AE)(X) 
38' + X 

Now: AD'" (32 spaces) (2mm per space) ..: 64mm 
AE ... AD + 5mm = 64mm + Smm ... 69mm 

Therefore: MIN ... (69mm)(target location) 
38' + (target location) 

4.Smm 

(1) 

(2) 

For the first target location, 5 feet from the P II cbamber, the maximum PII 

wire that may be excited must be belowl!.lmm and the minimum wire above 

3.52mm for a valid signal to result when P I wire 1 is excited. Theseare 

distances from the center of the PII' chamber .Countimg wires .. in the chamber 

leaves the following valid pairs : from (1,22) to (1,29). Wire 64 in theP I 
. ~. 

chamber will lead to the same PI! distances since the' chainbers are symmetric 

about their centers • Counting wires, this results in walid pairs from 

(64,36) to (64,43). 
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,Figure 2 shows the logical extension of this approach into a matrix on 

which valid (PI, P II) pairs may be shown. Since the system is linear, r 

only two points need to be calculated and then connected by a straight line. 
" \ 

NoW the problem is to implement such an array. Conceivably a huge 

arrangement of AND-OR g~tes could be used. But aside from the questions of 

Icostis the increasing delay time through each gate. The delay time for the 

entire project would quickly be consumed in the matrix alone. A faster and 
, I 

more straightforward approach would be to use a receiver into which were 
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coincidently applied only those PI and P II signals that were valid coincident 

pairs. These, pairs could be generated by using a large switching matrix 

similar in layout to the one in Figure 2. These are, in fact, the guidelines 

used in designing the coincidence matrix. 

A general block diagram for the project is shOwn in Figure 3. The P I 

and P'II signals come directly from the amplifiers at the wire chambers. 

Since this system is near the P II chamber, the P I signals must travel 

through 38 feE:!t of cable. The driver units provide line termination, signal 

regeneration, and fixed time delay insertion to counteract the passive delays 

in the system. Passive delays are caused by the chamber positioning, and do 

not include the signal jitter. The P I signals go through a pair of matrix 

boards which determine where valid pairs may occur. Thus a single P I wire 

will enable several of the P I lines to the receiver board. The P II signals 

are applied directly to the receiver board, one signal per receiver. If a 

P II signal is applied to a receiver that has been enabled by one of the 

P I lines, then an output is issued to the remainder of the experiment. 
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All of the circuits a're built using TIL components on CAMAC hardware. 

The CAMAC equipment is a standardized set of breadboards, called modules, that '" 

are housed ina bin, called a crate. The standardization applies to sizes and 

voltages, not circuits. The use of this standard hardware provides 

compatability with the rest of the experiment as well as a source of 

ready~made system hardware. 

; ! 
, I 

1,'1' 'L 

". ".' ~.f.i 
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BREADBOARD MODEL 

The matrix has very high speed pulses traveling over wires that are 

close together. Therefore, capacitively coupled crosstalk may prove to be 

a severe limitation in the speed of operation for the project. Since it ,is 

easier to measure than predict the amount of crosstalk that may be present, 

a breadboard prototype was constructed. Using the prototype, answers to 

the following questions were anticipated. Is ,the delay time through th.E!. 

project small enough? How much crosstalk is present? Is a ground plane 

or shielding wires between the matrix conductors required? How susceptible 

to noise pulses is the circuit? 

The ,breadboard model consists of a 5 x 6 diode matrix with 5 possible 

"chamber",inputs and 6 receivers. It is similar to the receiver and matrix 

boards of Figure 4. The actual circuit operation will be discussed later. 

Basically, one board contains the receivers while the other one contains 

the diodes whose arrangement was generated from Figure 2. The "chamber" 

inputs come from a function generator with two independent outputs. Thus 

the passive delays and effects of jitter may be simulated by delaying one 

signal, E!.g. P II, with respect to the other one. 

To give the breadboard results credibility, it was built to closely 

approximate the final circuit selected. Since the ,matrix system will 

be placed near the P II location, the P I "chamber" input travels through 

38,feet of cable before entering the matrix. As seen from photograph 1 of 

"Figure 5, the time difference between trace 19 and trace 20 results in a 

fixed delay of about 70 nsec. The propagation delay time through the circuit 

may be calculated from the same photograph. The P I input arrives at the 

13 
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matrix board, trace 20, 10 nsec after th~ center line. The final output, 

trace X, exits the receiver board about 40 nsec after the center line, thus 

yielding a propagation time of approximately 30nsec~ This time, hoWever. is 

dependent on signal amplitude and time variations. 

Photographs 2 and 3 show the results of simulated signal jitter and 

hence the required overlap or coincidence time. In these pictures, the P II 

input is varied from its earliestto,its latest time that still results 

in an output from the' circuit. By noting the difference in traceEtimes, 

the maximum jitter allowable is calculated to be., no nsec for 60 .osec 

input pulses. Since two pulses may occupy 120 nsee and the maximum jitter 

may be 110,nsp-c, the minimum coincidence time is 10nsec. A larger than 

minimum overlap time . results in a stronger output, Le. larger amplitude 

and width. 

To calculate the amount of' crosstalk generated into an unpulsed line, 
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the receiver's P I input, after the last diode in the diode array, is. observed. 

This is the first line that results in ,an invalid pair. This line should 

remain at V cc or 5 volts due to the pull-up resistor. However, on near-by 

lines a 1. 5 volt pulse is present. ,Although this is a sizeable pulse, the 

receiver has a variable reference allowing it to ignore pulses of up to 2.4 

volts. The penalty paid for this increased noise i1llllllllity :Ls abOut a 5 nsec 

iIicrease in propagation time.' 

The results of the breadboard indicate that the circuit selected is 

indeed feasible •. The propagatlontimeis less than the maximum allowed, 

the crosstalk between wires is small enough to be easily overcome thus 

eliminating the requirement for shielding wires or ground planes, and the 

passive delays are small enough to b'e handledeffectiwly, yielding sufficient 

overlap times for correct. operation. 
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DRIVER UNITS 

, 
.~. 

As ~ndicatedby the block diagram, Figure,3, the driver units I and II 

act as interfaces between the proportional wire chambers and the receiver 

and matrix boards respectively. They provide three general functions - line 
, 

termination, signal regeneration, and passive time delay insertion. 

The wire amplifiers at the chambers drive the output signals over flat 

ribbon cables to the matrix system. To prevent signal reflections in the 

cable, the driver units which receive these signals provide line termination 

at the characteristic impedance of the cable,. The flat cable is driven at' 

TT,L levels instead of MEeL levels. This results in a lower noise margin 

but allows compatibility with the rest of the system. 

A certain amount of signal amplitude is lost in the flat conductor. 

This produces signals at the, driver unit I and II boards that are weaker 

than desired. The driver units provide signal regeneration by converting 

these weak signals back to full TTL levels. 

The velocity of relativistic particles in free air is approximately 

15 

lnsec per foot. The velocity of a pulse in a wire conductor is approximately 

1. 5 nsec per foot. As was seen in the breadboard model, the delay time for 

the negative pulse ,in the 38 feet of wire between chambers is 70 osec. The 

particle reaches the P II chamber about 38 nsec after it leaves the P I 

chamber. The pulse applied to the wire at the P I chamber reaches the P II' 
, I 

chamber 70 nsec later. The optimum matrix placement is found to be 31.67 feet 



from the PI chamber by the following calculation: 

Let X =.distance fromP I chamber 

1.5 X =38+ 1.5 (38 feet - X) 

3X = 38 + 57 . 

X ... 31. 67 feet 

This requires the P I pulse to travel through 31.67 feet of cable. The P II 

pu~se time is the sum of the·· time ()f ~light to the P II chamber and the transit 

time back through 6. 33.feet of cable.· 

PI,: (1.5 nsec)(3l.~7 fe~t) : 47.5 nsec 
it ' 

P II: 38 nsec + (1. 5 nsec) (6.33 feet) = 47. 5nsec 
'ft 

Howevec, these exact distances are not physically realistic since the experimental 

area is typically filled with other equipment • The system will b,equite near 

the P II chamber, but the exact time delays will l>e determined when the 
.1 

experiment is set up. 

The driver uriitfor each chamber is composed of tWo wire-:-wrapped boards, 

one for each axis. The cost for all 4 boards is detailed in Table 1. The 

P II driver unit boards, Figure 6e, are simpler than those for PI. Theyare 

similar to the P I boards except that they cannot introduce a variable am01Jnt 

of signal" delay. Each,bQa:rd consists of8 sections of 8 si~al wires each. 

Figure 6Ashows the circuit associated with one suchsignal,wire. The lOOn 

termination resistor is contained' in a 14 pin DIP module.' This allows a large 

savings in installation costs since 7 resistors may be inserted into a 

socket at a single time rather than soldering them onto the board individually. 

The power dissipated in these resistors is.much less than the rating for the 
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module. The 4 diodes are used for level shifting so that the voltage 

across the terminating resistor is 2.2V rather than 5V. Each of the 64 

SN74S04 inverters uses 10 rna 'of current. This 0.64 amp requirement is 

substantially less than the fused level of 2 amps. 

The driver unit I boards, Figure 6B, include the ability to introduce a' 

va'riableaniciunt of delay via a one-shot. This is required for two reasons. 

First, the signal jitter may possibly be large enough to eliminate any overlap 

time. Secondly, the P I signal must be delayed so that it arrives at the 

receiver, coincidently with the P 1I signal. This is, of course ,dependent 

on the ,location of the matrix system with respect to both chambers. Here 

it is assumed that the P I signal arrives before the P II signal. However, 

if the reverse is true, the P I and P II driver units may be interchanged 

since they are pin-for-pin compatible. The only difference is the use of 

one-shots instead of inverters on the P I boards. The P I signal will be 

stretched via the one-shot so that signal overlap is assured. 

The timing for these one-shots is set by using an external 5.lK~ DIP 

resistor. This yields a 50 nsec pulse. Changing the voltage on this timing 

resistor changes the "on" time of the one-shot. This is accomplished with a 

500 potentiometer. By turning the pot clockwise, the voltage may be dropped 

from 5V to 3.2V (yielding a 150 nsec pulse) while retaining stability. The 

5l~ fixed resistor in series with the pot provides current limiting in case 

the pot is mistakenly turned to O~. 

The power consumed by the current limiting resistor, assuming the pot was 

'turned to ininimum resistance (worst case), is: 

(5V) 2 

51 = .Q.49W 
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Each·ofthe 32 one-shots consumes 66 mathus yielding a total current requirement 

of2 .1 amps. A 3 amp fuse mounted on the power input to the board. provides 

protection against current surges above normal requirements. 

The one:"'shots used are retriggerable; however," this feature is not 

required for this application. So the "clear" input is always held at a 

"1" level. The additional unused inputs are also held at a "I" level. 

Each "clear" input requires BO]Ja arid each unused input requires 40]Ja for the 

high state. As a standard guideline, we will not allow the logic "1" to 

drop more than 2V. Therefore, a single high level is applied to 16 one-shots 

simultaneously (16 one-shots @ l20]Ja each through a lIn pull-up resistor = 

1. 92V drop) • Four pull-up resistors achieve this high level for all 64 one-shots 

on the board. The power dissipated across the line terminating resistors, 

as calculated in Figure 6A, is the same for both driver unit types. 
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As shown in Figure 3, the matrix boards receive signals.from the driver 

unit I board and send them along to the receiver board. Only the P I signals 

are affected by the matrix boards. When a pulse occurs on one input wire, 

Cillwire.swhich may form a valid coincidence pair with some P II wire are 

pulsed, thus presenting several pulsed P I wires to the receiver board. 

The P II: wire which is coincidently pulsed from the driver unit II board must 

form a valid. pair with one of these wires for an output to occur. 

There are twenty different interchangeable matrix boards that may be 

plugged into the system depending on the virtual target location. There are 5 foci 

each with different sets of "valid coincidence pairs", 2 axes for each focus, 

and,as will be shown later, 2 boards are required for each axis. This large 

number of ide,ntical boards justifies the expense of having special artwork 

designed on. a piece of substrate rather than using a general breadboard with 

discrete wire interconnections. However, the number of components on each 

board must be kept to a minimum. For example, any components required by 

the circuit that may be placed on the driver unit or receiver boards should 

be put there since there are fewer of these boards. These components would 

then be common. to all foci. 

A count of signal wire width and spacing reveals. that the .matrix cannot 

fit on one CAMAC board •. If the 64 signal wires in the matrix itself were 

each 100 mils wide and separated by only 50 mils, the total area needed 

would be 9.6 inches. The 'useable area of all CAMAC boards is 10.5" x 6.5". 
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Clearly the matrix must be divided between 2 boards .' As shown in Figure 7, 

when dividing the matrix, care must be taken to preserve the set of valid 

pairs. Although most of the diode array occupies the second and fourth 

quadrants. it does extend slightly into the first and third. Assuming that 

the. array were divided between horizontal wires 32 and 33, some overlapping 

vertical wires would be required on each half. The;condition requiring the 

most overlap, the 5' focus, requires 4 additional wires on each side of the 

vertical centerwir.e. To allow for future possible alterations, 2 more 

wires on each half have been provided. This was deemed advisable earlier 

since the experimenter may wish tqalter the set of valid pairs after 

taking some initial data. Thus; corresponding wires 27 thrqugh 38 on both 

matrix boards must be interconnected in the crate. connectors. 

The front and back of one board is shown in Figures 8A and 8B. The 

diodes arernounted in holes, represented by dark circles,in the matrix. 
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The wires are 150 mils wide and spaced 150 mils apiut. This large separation 

helps to reduce crosstalk and eliminate the need for shielding orgroulld 

wires between signal wires. As may be seen in Figure 8B, with the grid and 

connecting wires there is no space left for a ground plane. The actual 

number of diodes needed on a matrix board depends on the focus. It varies 

from 190 for the 38' focus to 511 for the 5' focus. There are a total on 
. . 

all 20 boards of 3600 diodes. Components M 7 through 'M' 12 are hex. inverters 
- ~. . 

used to invert the inputs and drive negative pulses through the diodes. 

Positions M 1 through M6 maybe used for line termiuating resistors if the 

matrix and driver unit boards are later separated,by an appreciable amount 

of cable. 
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,Figures 9Aand.9B sho,w the matrix schematics for one axis of one focus. 

The inputs from driver unit I are positive pulses. The inverters produce 

negative pulses which pull certain output lines. low through the diodes. 

The diodes provide a unidirectional .correspondence between input and output 

lines by preventing backward sneak paths. . Thus the valid pairs for a given 

P I wire are guaranteed to be limited .to those output lines connected to 
, I 

,the input via diodes. 

In additfon to the "artWork generated" approach above, another matrix 

implementation was considered. It involved a programmable matrix breadboard 

where ,diodes contained in small pins could be inserted into the matrix 

where an interconnection between input and output was desired. Schematically 

it is very similar to the method above. Although less expensive, this 

approach produced several disadvantages over the 20 independent boards. 

Every hour. the focal position may be changed. When this is done, hundreds 

of diode pins may have to be removed and reinserted in new locations. 

This is a time consuming and error-prone operation. Also, the repeated 

removal and insertion of diode pins will reduce the connector reliability 

and eventually lead to connection failures. 

In addition to the considerations which determine artwork design, other 

criteria guide the componen~ selection. First, of course, ~s the propagation 

time through the matrix. Each signal goes through only one inverter, one 

diode, and the interconnecting wire. The total time delay is approximately 

that for the inverter ,alone~ . Therefore, high-speed Schottky inverters with 

a delay time of 5 nsec are used. 
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When the input pulse is finished, the output lines which were pulled 

"low" ,through the diodes must now be restored to their quiescent "high" 

state. This is accomplished ,by pull-up res:f.stors on the output lines. 

These are physically placed on the receiver board so that the resistor on 

a particular output line may be common for that line on all matrix boards. 

This resistor should be small enough to restore the line to its high 

state quickly and large enough ·so that too much current does not flow back 

into the inverter and damage it. When an input is applied, all output 

lines connected to it via diodes will combine currents to provide the maximum 

sinking current of the inverter. Although the maximum number of diodes 

anticipated on an input line is 8, the resistance required is calculated 

on the basis of 12, thus allowing for possible future changes. 

maximum inverter sinking current 
Maximum current'though'each resistor = maximum number of diodes (resistors) 

(Figure 4) 

Voltage across each resistor 

voltage drop Resistance = - -current 

2.4Kn 

20 ma = ---'---
12 

= 1.67 rna 

= V - (Voltage across diode + inverter cc output low voltage) 

= 5v (0.7v + 0.3v) 

= 4v 

An available resistance of 2.2Kn is used. The actual current through 

this resistance is: 
. 4V 

I = 2.2Kn = 1.8 ma 
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A final consideration in component selection is cost. If 3600 diodes 

are to be used, their cost,must be very low or the 20 board concept is not 

feasible. A simple switchin'1 diode, at a cost of 3¢ each, is used. A 

complete hardware cost estimate for the project is given in Table 1. 

Each board is individually fused to prevent component damage from in-

'. advertent shorts or power surges. The maximum current required by all the 

active, devices is 10 ma per inverter multiplied by 32 inverters , or 0.32 amps. 

A 1 amp fuse is employed to give adequate'protection. 

Using inexpensive components requires some form of testing to insure 

that none of them are defective. Since this procedure,'for the matrix boards, 

is very repetitive, it lends itself nicely to a ~omputer controlled exhaustive 

. search. The search used for this error checking actually checks for three 

errors: 

(1) Components that are defective when purchased. 

(2) Components inserted into the matrix backwards (reversed polarity) • 

(3) Components damaged by overheating during wave soldering. 

The method used for this checking involves holding an input line high 

via a standard CAMAC interface and reading the state of all the output lines. 

The high-low pattern of all these lines for each input is compared with the 

desired pattern as determined for all foci from layouts such as Figure 9. 

If all outputs for each input agree with the patterns desi'red, a "board OK" 
, 

message i~ issued. If an error occurs, the input line ,which was pulsed and 

a binary representation of the output pattern is printed. From this 

output pattern the states of the individual lines are determined and by 



c~mparing them with the desired pattern from a layout like Figure 9, 

corresponding to the focus in question, the erroneous output line maybe 

determined. This procedure ~nherently checks both diodes and inverters. 
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RECEIVER BOARDS 

,\ ,. 
As shown in Figure 3, the receiver board receives both theP II signals 

from the driver unit II board and the P I signals from the matrix boards. 

It is designed around a dual differential line receiver as shown in Figure 10. 

The truth table for the typical SN75l08 receiver shown at the bottom of 

Figure·lO is: 

Pin 1 2 5 4 

P I Ref P II Ou~put 

+ H H 

+ L H 

+ H L 

+ L H 

'If the P I signal on pin 1 is at least 25 mv more positive than the reference 

voltage on pin 2, then the output remains high for any P II input on pin 5. 

However, if the P I input drops more than 25 mv below the reference voltage, 

the output is an inverted P II input. The reference may be varied via a 

lKQ potentiometer. A nominal setting of 2 volts was determined by the 

breadboard to be sufficient to eliminate the effects· of crosstalk. 

The P I inputs, from the matrix boards, enter the receiver board via 

an auxiliary connector since the regular edge connector has only 86 pins and 

the board has l28signal inputs. When a P I line is negatively pulsed, the 

matrix array simultaneously pulses all the P I inputs to the receiver board" 
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that may form a valid coincidence pair. This enables certain receivers. 

Now if a corresponding P II input is cOincidently pulsed, the receiver reacts 

by pulling its output low. This is inverted by tneSN74S20 acting as a 

negative OR. The MC1582L is a line driver used to drive the output signal 

to the executive controller, part of the remainder of the experiment. 

Since there are only tw.o receiver boards for the entire project, one 

for each axis, designing artwork·for the board is not justified. Instead 

the interconnections are made by wire-wrapping individual wiresbe.tween the 

pins of the component so~kets.If·more than 300 wires are to be connected, 

a computer generated paper tape which controls an automatic wire-wrapping 

machine is made. In this case there are 680 wires, counting both boards, 

so the" tape was made. This involves formatting the board into data for a 

system program which sorts the interconnections, finds a shortest path, 

prints a pin connection listing, and punches the paper tape. 

As with the previous sections of the project, the propagation delay 

time is critical. The longest single delay is in the receiver, 25 nsec, 

and the time through the entire board is 50 nsec. This compares favorably 

with the project ·requirements and is easily understandable since the comparison 

process.and output line driving are performed on this board. Unlike .the other 

TTL components, the receiver and line driver are not Schottky devices. No 

such components using Schottky techniques are presently available.· 

The receivers require a logic "1" on pin 6. This is accomplished by 

wire-wrapping a small lIill, 1/8w resistor between pins 6 and 14 (+V ). cc 

They also require a load" resistor since they are open collector devices. 

. i , 



The value of the load resistor is calculated using Ohm's law as follows: 

Rloadresistor _ ~oltag~ across resistor 
urren through resistor 

Voltage across resistor lIZ V - V t low for receiver ccou 

Current through resistor -= I low for rec~iver - Ii. low for NANn out· n 

R .. = 5v ... 0.4v = 3200 
-1. l6ma. -·1.6 ma 

A 5000 load resistance is achieved by connecting two of. the existing 1Kn 

resistors in parallel and con.necting the pair to the open-collector output. 
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This increases the pull-up time slightly but also provides a safety margin in 

maximum applied current and is convenient. 

Using this load resistance the maximum current through the load resistor. 

in the high state is: 

V - V high. for receiver I .. a cc . out 
I). ~ 

.. 5v - 2.4v 
500-0 = 5.2 uia 

This 5.2 ma is evenly applied to all receivers that are -collector ORed 

together. Each requires a minimum of 0.25 ma in the high state. 

b f 
5.2 ma 

Num er 0 gates = ~0~.~2~5~ma---e-a~ch = 20 gates 

Therefore, a maximum of 20 receivers may be collectorORed to one 5000 load 

resistor. Only 16 are actually connected tOgether, thus yielding another 

margin of safety. This forms 4 groups of 16 gates each, which are designated 

'A', 'B', 'C',and 'n' on Figure 10. 

The power requirements for the board are calculated using the low state 
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current requirernentand the data sheet~. 

The low state current requiremerit ~or the receiver board is found by 

calculating the current through the load resistance for the low output 

state of the receivers. 

I~ = _V~c~c~ __ V~o~u~t~·~_l~O~W~~f~o~r~r~e~c~e=i~v~e~r 

5V - 0.4V 
- .. 5000 = 9.2 ma 

Load Resistor 4 x 9.2 ma = 37 ma 

Receiv.ers 64 x 30 rna = 1920 rna 

NAND 1 x 10 rna = 10 ma 

Line Driver 1 x 10 rna II: 10 ma 

1977 rna 

To protect against current surges whi1e·sti11 supplying these requirements, 

a 3 amp fuse Js mounted in each receiver, board. 

i 
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POWER SUPPLY UNIT 

, 
All of the circuits in this project are built on CAMAC modules. These 

are housed ina CAMAC crate, which is powered by a separate power supply unit. 

The crate has space for 25 modules, so some of the matrix boards that are 

not in use fora particular f(lcUS may be stored in the same crate. But 

connectors and circuit power, only exist for the positions used for active 

circuits. When the focus is changed, the appropriate matrix board is moved 

from a storage slot to, the active slot, and the formerly active matrix 

board is placed into the storage position. 

St~ndard CAMAC modules have available on their connectors, a variety 

+ + + of power options, (- 6V, - 12v ,24V, + 200V, lI5 VAC, in addition to 0 volts 

or power ,return) • The modules for this project do not require these levels; 

however, the pins reserved for them have been left open so that if one of 

these modules is absent-mindedly inserted into a CAMAC crate with standard 

power, the module will not be damaged. 

Figure 11 shows a block diagram of the power supply unit used to power 

the crate. 
+ ' 

Both power supplies (- 5 VDC) include overvoltage protectors and ' 

are current limited. The meters provide a quick check on the supply 

unit's operation. The size of power supply needed is determined from the 

following tabulation for a c01!lplete set of modules for one focus, two axes. 

This includes 4 driver units, 4 matrix boards, and 2 receiver boards. 



+V (+ SVDC): cc 

Inverters (74504) 

One .... shots- (74123) 

Pull-up Resistors 

Receivers (75108) 

NAND (74520) 

Drivers (1582L) 

-v ( .... 5VDC): cc 

Receivers (75108) 

Drivers (1582L). 

(2.2Kf2) 

192 @ 10ma 

32 @ 66Iila 

128 @ 1.8ma 

l28@ 30ma 

4 @ 10Iila 

2@ .10ma 

128 @ l5ma 

2 @ 30ma 

. · · · 
· .' 

· · · 
- . · . · · · 

· . 

· 
· · 
· · 

· · 
· 

. 1.92 

2.11 

.23 

3.84. 

.04 

.02 
8.16 amps 

•• 1.92 

.06 
1.98 amps 

A 5 volt, 12 amp supply is used for +Vcc' and a 5 volt, 3 amp supply 

is used for-V Thes, e two supplies and their meters' are built into a cc 

separate rack that is mounted directly beneath the CAMAC crate. 
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,The experiment that utilizes the MwPC coincidence matrix has not yet 

been performed. The ultimate test of the operation of the matrix will come 
I 

when it is integrated into the whole experiment and the proton beam turned on. 

Until then, .its performance may only be checked in the laboratory under 

simulated conditions. This has been done and the results show every sign 

ofc,omp1ete success. 

The receiver boards:are finished and debugged. The only problem found 

was'in thewire...,w,rapped wires. One wire was shorted to a post around which 

,it Dlade a 900 bend • A pair of matr~x boards has been fabricated and loaded 

with components. The computer "check out" program works as planned and found 

a solder bridge on Qne of. the boards which was not found in a visual inspection 

of the board. The program is saved on the disk so that it may be used as 

new boards are completed. The other lBboards are under construction. The 

driver unit I and II boards are finished and have been checked for correct 

operation. The power supply is made and works properly. 

The operation of the matrix board/receiver board combination was 'carefully 

checked in the lab'since crosstalk and timing considerations are critical. 

- Although the prototype breadboard indicated that the design would work, it 

was carefully checked using the actual boards. Again the dual function 

generator with independent outputs was used. 

The coincidence matrix worked even better than the prototype, in that 

the signals were sharper and exhibited less ringing than previously. This 
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is due to the lack .of wires laying over each other. The nearest non-pulsed· 

P I input line to the receiver board has a2V negative pulse capacitively 

coupled to it.. The effect of this pulse may be completely eliminated by 

setting the reference voltage always below 3V •. It is nominally set to 

2.5 volts. The minimum overlap and pas~;i:ve delay times are the same as 

measured for the breadboard model a~dmaybe.easilyhandled by the driver 

units. The total propagation time through the entire coincidence matrix is 

approximately 60 nsec, well within the desired goals set by the experimenter. 

The design of the coincidence matrix has been completed and validated 
; 

by check out of the matrix and receiver boards. This project involved a 

specific use of multiwire proportional chambers, but the approach taken to. 

determine coincidence of wires from different chambers may be used unive'rsally 

wherever MWPCs are in use. As inter-event times become smaller and the use 

of MWPCs to determine spatial position more widespread, the need for 

coincidence matrices such as this will become more acute. 
I 

.", . 
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LAW~ENCE RADIATION LABORA10RY - UNIVENS, IY OF CALIFORNIA 
j 

FILE NO, 

11 
PAGE 

COST ESTIMATE of 1 
PROJECT NAME 

~. l!armc; MHPC Coinciden~e Matrix 
DATE 10 May 1973 

SUBJECT ENG, DETAIL SHOP MAT'L, ! 
& & & ! 

Hardware Cost Estimate DE51 GN DRAFT TECH. FAB, INSTALL S 
~ c:: c:, <: c:, 

PRIVER UNI'f BOARDS (4) 

Insert, solder socket:, 16 hrs 0 $12 ea 192 
/384 Wire-wrap (1600 wires) 32 ~rs .'! $12 ea 

I Inverters 22 @ $1. 65 ea 36 
One-shots 611 @ $3.80 ert 242 I 

.. 

Resistors 32 @ $1. 50 eo 48 
DIP sockets 150 @ .65 ea 98 
Cable connectors 32 @ $2.00 ed 64 
CA.t1AC boards 4 @ $20,00 ea 80 
CAMAC hard~lare 4 @ $10.00 ea 40 

"OTAL FOR DRIVER UNIT $1,184 -= 

-lATRIX BOARDS (20) . 
Artwork design 30 hrs @ $12 ea 360 
Diode insertion (done by experimenter) 
Artwork fabrication (20 bds)(1 hr/bd) @ $12 ea 240 
I-lave soldering 10 hrs @ $12 ea 120 
Diodes 3600 @ .03 ea 108 
Inverters (6/bd) (20 bds) @ $1.65 ea 198 
CAMAC boards 20 @ $5.00 ea , 100 
CAMAC hard\~ard 20 @ $10.00 

, 
1
200 I ea , 

I I i 

OTAL FOR MATRIX BOARDS = $1,326 I 
I I 

I 
I 

ECEIVER BOARDS (2) , 
Insert, solder sockets 24 hrs @ $12 ea 288 
1-11 re --wr ap (680 wires) 12 hrs @ $12 ea 144 
NA-NDs 2 @ $1.50 ea 3 
Receivers 64 @ $3.00 ea 192 
Capacitors 68 @ .29 ea 20 
Resis to'rs 1J @ $1.50 ea 15 

'. 
Line drivers 2 @ $2.00 ea 

I 
4 

DIP sockets 79, @ .65 ea 51 
CA.'1AC boards 2 @ $20.00 ea 40 
CAMP.C hardware 2 @ $10.00 ea 20 

rOTAL FOR RECEIVER BOARDS -
, 

$777 

DTHER HARWARE 

CAMAC crate 210 
Power supplies 100 

Can tingency lSi. total 540 

I TOTAL HARDWARE COST '" $4,137 I 
I 

I , 

\ 
I 
i 
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r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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