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ABSTRACT :

A brief explanation of the physics of multiwire 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 distinét. Driver units'provide

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

Matrix boards govern the 'valid cdincidence_pairs"ﬂéé determined by the
physical arrangement of two sets of MWPCs and the experimenter's target.
Rec;iver boards counteract croSstalk while providing a "coincidence" output
only when the predetermined pairs of wifes from sepérate MWPCs afe 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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e INTRODUCTION

"Often,:in the macroscopic_WOtld‘in which we live,hobseryation (detection)
and interpretation (datavreduction)’of an event'is;accomplished by the'use of
bthe 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_mostvhigh enetgy physics experiments a_beam_of subatomic particles
is directedvelectromagnetically or electrostatically onto an experimenter'sv
'ftarget: By vatying any of many parameters, e,g;‘targetvdimensions and location,
interacting,magnetic fields, and detector sensitivity,and location, an
ekperimenter_may_carry on a search for new knowledgevabout the physical world.
Early in the design of.his experiment he must decide on the appropriate

detectors required by the constraints of his system.

Detectorslare one of the most important parts of any measurement system.
For this reason,‘a great deal of research has been directed toward producing
,better_detectors. Spark chambers filled with an inert gas and bubble chambers
filled with liouid hydrogen have been used for years to detect the " spray of
subatomic particles emitted from the taréet'as a'fesult of an incident beam.
.Recently a new type of detector named the mu1t1w1re proportlonal chamber

(MWPC), has begun widespread use.



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 equallyvspaced_a few millimeters apart. The"space is filled.with an
appropriate:gas allowing cylindrical equipotentialsiaround the'wires.b When
an incident_charged particle,'in this project avproton, passes;through_the

- chamber_near one_of the wires, it avalanches.avsmall~amount of charge into

the wire. This charge,.which is represented-in time‘as a pulSe, is_amplified'

to a usable level. With chambers oriented in two axes*along the path'of,the -

protonvbeam, both_spatial and time resolution’may beieasily determined.

When a negative pulse is generated on a wire by the development of
avalanches, then the neighboring wires simultaneously experience positivev
.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. Charpak in "Evolution of the Automatic Spark Chambers ,,1970

Annual Review of Nuclear Seience.

This project'is part of an erperiment which-employs several wacs.
Although the‘methods used,are'applicable to practically every use of MWPCs,b'
this project is‘designed for'the requirements of thisvparticular experiment. -
It is part of the detector instrumentation‘and,‘as.such, may be used with-

.many different'physiCS experiments with the same physical constraints.




The upstream end 6f this_ekpetiment consists of a set of MWPCs with 2mm
" wire spacing. A‘set'cf MWPCE 1is che hotizontal and one vertical chamber
'correspdndingfto the X akis’shd‘Y axis respectively. These upstream chambets
are”referred to as P T chambers. Thirty-eight feet downstream is enother
‘set of-MWPCs;;the P,iI chambers, with lmm wire. spacing. All chamhers consist |
”ofv64 equally spacedfwites. _The target,‘a'lOmm square, is movable and may be
positioned at a distance downstream of the P II chamber of&S feet, 8 feet,

' 14 feet, 26vfeet; or 38 feet. This 10mm square is a."virtuel target" that
.the beaﬁ is focused to pass through. The actual target is a stationafy
chamher filled with liquid hydrogen or deuterdum, or_it may be,replaced by
a.carbonzblcck for other experiments; It is placed iQmediately-downstteam

T

of(the'P I1 chamber.

: when the protcn beam is turned on, a particle.traVels thrcugh thevP I
-and P II chambers before arriving at the target location.‘ Depending upon its
ahgle-ot prcjection and spatial position it may or 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 "viftual target' if it
was not deflected by the actuel target. When a valid event has occdrred;
_'edditdonal perts of the experiment are activated. The path of fiight of
";the-particle is recorded by'sending'the amplified signais from the P I and

4 P‘iI chambers to flip-flops‘acting as memory:elements.

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

forrall possihle valid events by using a geometric argument with the chamber



10cations'énd”&iré spécing. So Qne could'plaéé allvthé possibie valid
coqrdinateé in;the memorf‘bfrthé PDP-ll;IUSed by the”éxpériﬁeh; for data
vréduction,'ana'when a particle traveled through the systém, the.éoméuter-v-
' co@ld‘read the coofdihate'flip flopé and déterminé\&héthet or ndt the pafhi
could produce a vélid gvent. Thére-aré é.signal wireslfroh the chamber
»amﬁlifiefs.for each 16 bit'computer.wof&. Iﬁis w;fd‘giVes thé wirevstatus
énd addresé (éhamber locétion); Through the,use'qf a'ﬁecoding scﬁeme-gt _
the wire amﬁlifiers; the pfoﬁer-word fpf each event.is apparent to fhe. |
éomputer._'There.$ré a total‘ofv6'chambers in the_égpériménf,'alﬁhodgh

the coincidence matr1x only ﬁses 2 of them.. Thus;ﬁtﬁeilZ X and Y planes 
and some ofhér feéuiréa e#perimenﬁal data reéhiré é:tofal of 20 wo;ds per
event. - To-réadithese words wou1d take about 5 usec_eacﬁ; vThuS,_a ;éﬁal
of nearly:lOO'usec w§uid be req@ifea,fér-thé §6mpﬁtéf to anaiyzg:éach:'
event. Due fo fhe veryvlbw ratid.éf.valid.to iﬁvéiid}é#ents-that the
expérimenﬁé: éxpects,;this déad fime is.toollong. This time Eill be‘
vfeqyired‘fo régd the coordinates ofiQalid évents,-bﬁt‘ﬁuch'leés time must 3
be wasted in the deﬁerminﬁtibnxof invalid evenﬁs.“fhis 1s where the need

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




~ PROJECT REQUIREMENTS

One of the. most important constraints on the coincidence matrix is that
it produce a decision as torevent validity or non-validity as rapidly as
vpossible. During the time required to make this decision, the entire-
.experimentiisidisabled. 1f another event occurs during.this,time, even
though it mayﬂbe valid,,it is ignored hecause the matrix is busy with a
previous event;' Thevexperimenter has determined that‘avdecision delay-time

‘ , .
of less than'70 nsec.is_desirable._ |

"Another time that is of importance.to'the coincidence matrix is the
overlap time required of the two signals to recognize them as being |
.f 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
valjdity is issued. Thus the proper P I and P II wires must both exhibit

b_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 i‘
:fodirectly 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.
discounting any time- of flight delays, results from two causes. First, ‘there

is up to a 15 nsec_w1re—to—w1re difference depending_onvthe ionization distance.



That is, a signal generated from the avalancheiof'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

30 nsec time difference due to different input levelshto the wire.amplifiers; d

Particles which travel slowly through the chamber impart more energy to -

the wires than do faster ones..: Thus,a particle may.induce increasing energy

‘levels in subsequent chambers. - The amplifiervoutput;may vary in time due’
to the difference between minimumlandvoverdriven inputs. ;Therefore,vthe
40lnseC‘signals.may jitter‘up to_45.nsec;_leaying no overlap whatSoever.”

The matrix muSt'deal with this_possibility appropriately;v v_h

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

to the time—of -flight through 38 feet of air and propagation delays through ‘

38 feet -of wire. Theimatrix-must,vtherefore, induce a fixed delay s0 as to
bring the signals together at. the same time . The’ job of the coincidence .

matrix is not to determine that the particle arrived at the PI chamber

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

- of P I, P IT 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

1flight of the particle from the P I to. P II chamber, is an appropriate pair;.__.nf

A.of wires coincidently exc1ted7'

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 conversion is implemented. Noise margins must also be considered




within thé,matrix'itse1f begéuse capécitivelj_éOupled crosé;alk.méy be
'present‘befween physiqallyntlosg cqndu@tors.  1

" As ﬁi&ﬂ most systéms,ia_éértaiﬁvdegréevof'fleXibility is fequired.
Witﬁ»tﬁis-é&stgm,Jfléxibility must be present in two férms. First, it must
be relaﬁiveif.easy'tb change the'set of "valid'coincidenée pairs".when the
-experimghte;ZChangesfhis fot31 position._jIt'isvanticipated{that*fhié may
bgvdonefas of£en as hourin “This fequireé'thﬁt any manual operations -
performed'muSt be fast, ﬁn¢0mpiidafed, and éasi1y mastered. If ﬁomponents
are removed; they must be':eadily,available an&fprotected-from loss or.
damage While not in use.- Also;_thevcontacts_inteféonnécting fréquently _b
. réﬁqvéd parts.must be highly réliable; The Secondwform.of flexibility
.réquifgd for this.system ié that the;”vélid coinciaence pairs" be alterable
for any given fpcal_position. I1f, after the experiment has progressed'fot
ashort periodvof time, the experimenter decides to slightly élter the size
of his &irtual-target, the changeé'tequired for the céincidence matrix
should be hinihai. Thié stipulates that the availabié space andvpower be

‘conSidered Vith a safety margin for future possible changes.

And the final demaﬁd upbn the coincidénce matrix by the experimentef
is that it be small and'inéxpensive. There are definite tradeoffs to be
-icansidéredvbetween size andjcost. Engiheering time fequired to fit
: é;er§ﬁhiﬁé int¢ a smali'sbéceféan eésily outWeigH thg advéntages of_émaller
 aﬁd cheaper moﬁntiﬁg'facilities.  Crosstalk‘inCrea$es wi#h éloser coﬁductors

“which would be necessary with a smaller system.



All of ﬁhese conéffaints influence the circuiﬁléénfiguréfipns'émpioyed
to detefﬁine'évent vaiidify.. Using them,_vatiods passibiliﬁies may,be.
discarded;qi weighed objectiveiy. The final cifcuit.cbnfigﬁfatiqn éeléc#éd
will be tﬁe ohe which best fulfills thém. In'the né$t'sec;ion, 61rcﬁit |

Selection, they will be a constant guide.




.'CIRCUIT,SELECTIONY

'As stated earlier, all 8f;the1"Vaiid coincidence pairs' may be derived
geometricaliy'once-the chamber.locations and mire spacings are»known. Since
theﬁentire system isvidenticalvin both the X and Y axes;.the following

! : _ :

discussion mill only deal with one axis with the understanding.that a direct
: analogy,exists with respectito the'other one. ,Figure_i shows the:method
used to generate the:coordinate pairs_that constitute all of the valid or .

acceptable signals. for a given target position.

The basit wire selection criteria is to reject all wires that don t
.absolutely require particles travellng through them to enter the 10mm square
target.‘ An excitation of the P I chamber wire 1, for example,-may be caused
hy.a particle traveling.through the chamber anywhere'within'the region from
A to B, These‘points correspond,to half the distance hetween adjacent
'wires, which:is the maximum distance over which an avalanche-mill occur to a
._givenlwire.‘;Therefore;vto‘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 thatvresults 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 p01nt of eliminating
,votherwise yalid events.“'i
Again referrlng to Figure 1, we see that the middle of the P I chamber |

occurs at point D exactly midway between wires 32 and 33 ' P01nts C and E are

‘ 'each Smm from D, thus making the CE distance equal to the: target height of IOmm)
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'The maximum P IT 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-

5:wire spacing, away from the P I wire l

MAX = B'D' - 1/2 P II wire spacing = (B c' + Smm) - O Smm
-_=B'C'+45mm . .

MIN = A'D' + O0.5mm = (A E' - 5mm) + 0.5mm.
- o= A'E' - 4.5mm- C

Similar triangles exist between B Cc- target and B'-C'-target and between

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

B' c':-; x_ e _ (BO®
BC 38 feet +X O 38' + X
" Now: BD = (31 wire spaces)(me per space) = 62mm ﬁv“

BC = BD - Smm = 62mm - 5mm = 57mm
_(57mm) (target’ location)

.-fz.'.sm' o

Therefore:_ hAX_ 38' + (target location)
And: A'E' | X o A'E' = (AE) ()
B AE 3.8'+'X oo 38T+ X

| ﬁow:'_AD = (32 spaces) (2mm per space) = 64mm o
' . 'AE = AD+5mm=64mm+51mn=69mm "

Therefore. MIN = (69mm) (target location) - 4.5mm h 2)
o 38' + (target location) - R

For the first target . location, 5 feet from the P I chamber, the maximum P. II
wire that may be. excited must be below ‘11.1mm and the minimum wire above

. 3. 52mm for a valid signal to result when PI wire l ix excited. These-are

ndistances from the center of the P II chamber. Counting wires in the chamber'

leaves the following valid pairs. from (1 22) to (1 29) Wire 64 in the-P I»}f

.~

'chamber will lead to the same P II distances since the chambers are symmetric o

"aboutvtheir centers. Counting wires,_thisvresults-in valid pairs fromv

(64,36) to (64,43).
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: Figure 2 shows the 1ogical extension of this approach into a matrix on
'which valid (P I, P-1I) pairs may be shown Since the system isvlinear,t

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

‘ Now,the problem is't0'implement such anparrayt _Conceivably a huge
arrangement of AND-OR gates-cOuld be used. But.aside frbm the questions of
costiis the increasing delay time through each gate. The delay time.for the
entire‘project WOuld.quickly be .consumed in the matrixialone.' A faster and_
’more'straightforward approach would be to use a receiver into which were
coincidentlv.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_FigurevZ._ These are, in fact,.the guidelines.

used_in'designing the coincidence matrix.b'

~A éeneral‘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 feet 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 PTI wire
| 'will‘enableuseveral of the‘? 1 lines.to'the receiVer boardt The P II signals ;
are applied directly to the receiver board, one 51gnal 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 are built using TTL components on CAMAC hardware.’

.'The CAMAC equipment is a standardized set of breadboards, called modules, that“rv

- are housed in a bin, called a crate “The standardization applies to sizes and o

voltages, not circuits The use of this standard hardware provides
vcompatability with the rest of the experiment as . well as a source of

'ready—made system hardware,
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BREADBOARD MODEL

' The matrix has very high speed_pulses-traveling over‘wires that are

v cloSe together. Therefore, capacitively coupled crosstalk may prove to be

a severe limi*ation in the speed of operation for the project. Since it is
eeeier-to measure-than predict the amount of crosstalk“that.may be‘present,
a_breadboardfprototype was_constructed. Using thevprototype, answersvtb
the_following_questions were anticipated. Is the delay time through the:A
projeCt-small‘enough? How much crosstalk is present? Is a groundvplane‘
or shielding wires between the matrix conductors required? How susceptible
to noise‘pulsee is the circuit?

.;_The.breadboard model coneists of a 5 x 6 diode matrix with 5 possible
fchamber"_inputs and 6 receivers. It is similar to the receiuervand matrik
boerds of Figure 4. . The actuel‘circuit operation will be discussed later.
Besically, one board‘contains the receivers while the other one contains
the.diodes Whose arrengement 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 51mulated 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

N epproximate the final c1rcuit selected.r Since the matrix system will
lbe placed near the P. II location; the P T "chamber input travels through
'38 feet of cable before entering the matrix. As‘seen’from.photogreph 1 of
fFigure 5;~the time difference.between‘trace l9 and trace 20 results in a

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

may be calculeted_frOm the same photograph., The PI input arrives at the :
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vmatrix,hoard,‘trade 20, 10 nsec after the centerfline, The final output;. -

trace X, exits the_receiver board about 40 nsec»after,the center. line, thus

‘yielding a propagationltime~of approximately 30Onsec. This time, however. is

dependent_on signal amplitude and time variations.

Photographs 2 and 3 show the results of_simulatedhsignal‘jitter and
hence.the,required overlap or.coincidence.time. In,these.pictures, the P II
- input is_varied from‘its earliest,to;its latest timepthat still'results_
in an output from thefcircuit. By.noting the differenceain‘tracegE timéé;_
~ the maximum jitter allowable is. calculated to be . 110 nsec,for 60 nsec
input pulses, Since two pulses may ocCcupy . 120 nsec and the maximum . jitter
' may be llO,nsec, the minimum coincidence.time_is lO‘nsec. A»larger than ,.i.
: minimum oyerlap;time“results.inla stronger output,_i.er larger'amplitude
and width. | | |
To calculate‘the amount,of‘crosstalh-generated into an:unpulsed,line,
the receiVerls'P l input, after’the last diode-in thevdiode array, isvohserved.
lhislis the first.line.that-results in an inwalidvpair, This linelsh0uld'
remain‘at VCc or 5 volts due_to the pulleup resistor. However, on near-by
lines'a 1.5 volt pulse 1is present.t 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 inumnity is about as nsec N

' increase in propagation time

The results of the breadboard indicate that the circuit selected is 3
’_indeed feasible - The propagation time 1is less than the maximum allowed

'jvthe crosstalk between wires is small enough to be easily overcome thus
eliminating the requirement for shielding wires or ground planes, and the o
ipassive delays ‘are small enough to be handled effectively, yielding sufficient

overlap times for correct operation.
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DRIVER UNITS’.

As indicated by the block diagram, Fignre 3, the drivervunits I and II
act as interfaces between the proportional w1re 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.outputvsignals over flat
ribbonlcables to.the.matrix System. To prevent signal reflections in the ”
cable, the:driver units which receive these signals provide line termination
.vat the characteristlc impedance of the cable. The.flat'cable is driven at

TTL ‘levels instead of MECL levels. This results in a lower noise margin

"x.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 IT boards that are weaker
.than'desired,' The driver units provide signal regeneration by converting

these weak signals back to full TTL levels.

The veIOCity of relativistic particles in free alr is approximately
1 nsec per foot. The velocity of a pulse in a wire conductor is approximately
vl.ansec per’foot. As was seen in the breadboard model,.the delay time for

the negativedpulse in the 38 feet of wire between chambers is 70 nsec. The

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

Q’chamber; The pulse applied to the wire at the P I chamber reaches the P II

-»chamber 70_nsec later. The optlmum matrix placement is found,to be 31.67 feet ‘
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from theePﬁI=chamber by.the'following'calculation:v'

LetaX_=.distance,fr0mfP I chamber

1.5 X =38 + 1.5 (38 feet - X)
3K = 38 + 57 |
X = 31.67 feet

~ This requires the P I'pulse to travel through 31 67 feet of . cable. The P II
pulse time is the sum of the. time of flight to the P II chamber and the transit §
time back through 6 33 feet of cable.

. P (1 5. nsec)(3l 67 feet) = 47 5 nsec
- ft

P II 38 nsec +(1 5 nsec)(6 33 feet) 47 5 nsec :
- ft o ‘ o o

HOWevet; these'ekact diStancesﬁare not physically realistic since the"experimental_a
- area 1s typically filled with other equipment. The system will be ‘quite near
the P II chamber,vbut thé exact- time delays will be determined when the

experiment is set up,;

The driver unit for each chamber is composed of two wire—wrapped‘boards,' B
one for each axis | The cost for all 4 boards is detailed in Table 1. The
P II driver unit boards, Figure 6C, are simpler than those for P I. They are
similar to the PI boards except that they cannot 1ntroduce a variable amount
of signal delay Each‘board consists-of'8 seCtions of 8 signal'wires each,r
Figure 6A shows the c1rcuit associated with one such signal wire. :The 1009'
termination resistor is contained‘in a l4 pin DIP module. This allows ‘a’ large
savings in installation costs since " 7 resistors may be inserted into av:
" socket at avsingle-time rather than_soldering-them onto the board 1ndiVidually,o:

The. power dissipated in theseiresistors is,muchvless than the ratingﬁforithe
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module. The>4'diodes are uSed‘for level shifting so that the voltage
across‘the'terminatiog resistor is 2.2V rather than 5V. Each of the 64
:SN74804 inverters uses 10 ma of current. This<0.64'emp requirement is

: subs:antially less than the.fused level of 2 amps .

The“driver onit‘I boerds, Figure 6B, include»the ability ‘to introduce a
variable amouot bf delay via a one-shot. fhis isirequired‘for two reasons.
First;.thevsighal jitter may ‘possibly be large enough to‘eliminate_aﬁy overlap
time. Secondly,»fhe_? i eignalvmust be delayed so that it arrives at ;heb
' receiver:coincideptif wito the PIl signal. This is, Of_course,.dependentr
oqotheAlooefion of the métrix systeﬁ with respect to both chaﬁbers. Hefe_
it is3aSSumed_that_the PI signai arriQes‘before the P II signal. . HoweQer,'
. 1f the reveree is true, the P I and P II driver umits maf be interéhanged
: since ;hey are pin-for_pin compatible. The only diffefence is the use of
one¥sho;e instead of inverters on the P I boards. The P I signal will be
stretchedeialthe.one;sﬁotfso thet signal overlap is assured. |

vThevtiﬁing for these one-shote is set by using an exterﬁal S.IKQ DiP;'v_
.resistor..-This &ields a 50 nsec pulse. Changing the voltage_on,this timing
resietor changes the "on" time of the one-shot. This is accomplishedtﬁith a
508 potentiometer. By turniog the pot clockwise, fhe voltage oay be dropped
'ffom 5V to‘3;2V,(yielding a 150 osec pulse) while retaining stability. The
510 fixed resistor in series with the.pot'provides_eurrent 1imiting.in case

‘fothe pot is mistakenly turned to 0%.

' The power consumed by the current limiting resiétor, assuming the pot was

"turned'to-ﬁinimum resistance (worst case), is:
' -2 2 _ '
' a:-E—-=—--—(5v) = :

_P R‘vj 51 _ 0.49W



' Each'ofithe'32'one—shots'consumesv66 ma thus yielding'a'total.current requirement‘;,i

of 2.1 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_retriggerablej'however; this feature“is not:
required for this application.” So the‘"elear' input is always held at a -
"1" level. The additional unused inputs are also held at a nn 1evel.

Each '"clear" input requires 80ua and each unused input requires AOua for the
high state.* As a standard guidellne 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 @ 120ua each through a lKQ 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 terminatingvresistors;

as calculated in Figure 6A, is the same,for both driver-unit types.:
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MATRIX BOARDS

EAs'sbowha;b.Figdre 5; the matrix,bpards receivevsignals,from the driver
:dnit I.board;and,seﬁd them‘aleng to,the_receiver board.. Only the P 1 signals
‘aretaffeetedvby the matrivaoards;e,When a pulse occurs on qhé inputbwire,

’ ailrWires-ﬁhich may form a valid coiscidence pair Qith some P‘II;Qire_are‘
.b bulsed,-thusvpresentidg several puiseva i Wires to the.receiver board.
Tbe P II‘ﬁire.whdch is coincidently pulsed from the}driver ubit iI board must
. fformvavvalid,pair Qith one ofﬁthese wires fbr‘an butput:tp occur. |

" There are twenty’different intercbangeable matrix'boards'that may_be

plugged into thevsystem depending on the virthal target location. There are 5 feCi
.eacb Qitb ditfereht sets of "valid coiﬁcidebce pairsh, 2 axes forveacb focus,
ahd’bas will be shown.iater 2vboards are required for‘each axis. .This large
'number of identlcal boards justifies the expense of having special artwork
designed on, a‘piece of substrate rather than using a general breadboard with
diserete wire_lntereonnections. However, the number of components on each
{board must be'kebt to a minimum, For_exampie, any eombonents required by

tbe circuit.that'may be placed on the'driver unit or receiver boards should
be put there since there are fe&er of these beards. These components would

thehvbe commenwto all foci.

V A count of s1gnal wire width and spacing reveals that the matrix cannot
“ fit on one- CAMAC board : If the 64 signal wires in the matrlx 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".



20 .

-;'Clearlf the matrix must beidivided between‘Z'boards,:fAs 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 occupieshthe second and fourthz'
quadrants,:it does extend slightly into the first‘andfthird._ Assuﬁing:that.
theiarraytwerebdivided between horizontal wires_32vandi33, somevoverlapping
vertical wiresdwould be required on-each half.’ Theccondition requiring the
most overlap,pthe Sf focus,.requires 4 additional wires on each side of the.
vertical center.wire.. fo allow for future possible alterations, 2 more
wires.on.each-half.have been provided; This was deemedradvisable‘earlier
since‘the experimenter may wish to alter the set of valid pairs after |
‘taking some initialvdata. Thus; correspondlng w1res 27 through 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:f
diodes are mounted ‘in holes, represented by dark c1rc1es, in the matrix.. ‘
The wires are 150 mils wide -and  spaced 150 mils apart. This laréevseparationyd
'helps to reduce crosstalk and eliminate the needffor shieldiné.or'ground |
wires between signal w1res., As may be seenfin Figuré:SBs.with the gridqand
connecting wires there is no space left for a ground.plane. The'actual
.number of dlodes needed on a matrix board depends on the focus.‘ It‘varies |
.:from 190 for the 38 focus to 511 for the 5 focus. Ihere'are a-total'on |
_all-ZO boards of 3600’diodes._ Components M 7 through M 12 are hex inverters,'ﬁ

.used to inwert the inputs and « drive negative-pulses‘tbrough the diodes. |
,‘Positions M l through M 6 may be used for line terminating re51stors if the;

:matrix and driver unit boards are ‘later separated by an appreciable amountv

.vof cable.
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Figures.9A and 9B show-the matrix schematics for .one axis of one focus.
'uThe inputs from driver unit I are positive pulses., The inverters produce -

'negative pulses_which pull certain output linesglow'through the diodes.

_ The diodes:provide a unidirectional.correspondence_between‘input_and output
| lines by.preventing backward sneakapaths.i(Thus7the_valid pairs‘for a given
PI wire are guaranteed to ‘be limited to those output lines connected to

_the input via diodes.

In addition to the "artwork generated" approach above, another matrix
implementation was.considered. It invblved a programmahie matrix breadboard
where\diodes containedxin small pins could be;inserted into the matrix
where-an interconnection betWeen_input.and output was desired.- Schematically.
it,is very simiiar 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 1ocations.

”This is a time consuming and error—prone operation.‘ Also, the repeated
remoVal and insertion of diode pins will reduce the connector reliabiiity

' and'eventuallyhiead to connection_failures.

;In;addition to the considerations.which determine artwork design,'other
:criteria.guidg ﬁheicomponent selection;. First, of’course; is the propagation:
time through the‘matrix. Each signai_goes.through only.one inverter, one
diode,fand:the interconnecting wire._ The total time.delay_is approximateiy
v.that forvthe'inverter’alone} Therefore, hlgh—speed Schottky inverters with

a delay time of 5 nsec are used
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When thg.inﬁut pulse is Einished, ;he outéut lines which weré ﬁﬁiléd'i
"low" through the diodes must now be restored to their quiescent "highﬁ
state. This.is aécomplished:by pull-upkresistors on the output'linés._
Thesé‘are phjsicall& placed on the réceiver board éo tﬂat the iesistqrnbﬁ

a particular output line may be common for»that line on all ﬁatrix.bdards.

This resiétor should be small enongh to‘féstore the line to its.high
state ﬁuickly'and lafggvenoqgh~so that too muéh cufrent:doegvhop_floﬁ back
into the.ihVerter.and.damage‘it. Whenvan inpuf'iS'épplied; a1146utpﬁt
lines COnnecgea to if via.diOAes Qill combihe'cﬁrfentslto;pfovide ghe méximﬁm :
- sinking current of the invertér.' Althoﬁgh thé maximum:numbef'éf diodes
anticipaﬁed §n an inpuf liné is 8, fhe_resistapce required is calculated
on the baéié,bf 12, tﬁus‘allowing for possible future changgé.

-maximum inverter sinking current

Maximum curfent‘though"each resistor =
(sigure & _20m
12

. o - . =1.67 ma

Vcc.- (Voltage across diode + inverter
. _output low voltage)

5v - (0.7v‘+ 0.3v)

Voltage across each resistor

Resistance = voltage drop
' current _
4v o 2,4KQ -

1.67 ‘ma |
An available resistance of 2.2KQ is used. Ihé aétﬁal current ﬁhroughv

1x .o _ 4V _
this resistance is.v I = Sora 1.8 ma

maximum number of diodes (resistors)




23

'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 -
feasihle. A simple switchinw diode at a cost of 3¢ each, is ‘used. A

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

-Each hoard;is'individuallylfused to prevent component damage from in-
advertent shorts_qpﬁpower.surgesr 1The:maximum.current;reQuired'by.all the
active devices is_lema per inverter multiplied-by_jz-inverters,.or 0;32 amps .
All amp fuse isfemployed_to give adequate;protection.‘ |

‘¢Using_ine3pensive components requires somelform.of,testing to insure -
that none‘of themvare defective ~Since this procedure, for the matrix boards,
,is very repetitive, it]ends itself nicely to a computer controlled exhaustive
.search. The search used for this error checking actually checks for three
iierrors: | |

(1i-¢omponents that_are defective when pgfﬁhasédii
‘>(2)7Components inserted into the matrix backwards~(reversedvpolarity).

'(3)_Components damaged by overheating duringlwave soldering.

-The method_used for this checking involves_holding.an input line high
'viafa‘standard'CAMAC interface and reading the state of all the output lines;k
AThe high-lOW'pattern'of all these lines for each input is'comparedVWith‘the .'
7._fdesired”pattern_as-determined for all foci from;layouts such as Figure 9.
-If:all outputs for each input agree with the’patterns}desiredgva "board OK"
message is issued‘ If an error occurs, the input line nhich was pulSed_and'ﬂ’
.,-13 binary representation of ‘the output pattern is printed. From this -

‘f'output pattern the states of the individual lines are- determined and by
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cémparing'thém with the desired patterﬁ from a layédt:like Figure 9,‘
correspondihg to the focus in question, the erroneous output line may be

determined. This procedure inherently checks both diodes and inverters. -

Tt e
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'RECEIVER BOARDS
'As'shown in Figure 3, the receiver board receives‘both.the P II signals -
'from the driver unit II board and the P 1 signals from the ‘matrix boards.

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

. o The truth tab1e for the typical SN75108 receiver shown at the bottom of

' Figure 10 1s.‘

e 1 2 | s | e
P l_. | Ref : ? Il 'Output',

+ H H

+ L H

+ H L

+ L H

fIivthe PhI signalhon_pinvl.is at»least 25 mv more positive'than the reference
“.Tvoltage on'pi1‘2 thenhthe output remains high»foriany P I1 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-mayvbe»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;venter'the.receiver board via
an auxiliary connector since ‘the regular edge connector has only 86 pins and v
.the board. has 128 signal inputs. When aPIl line-is negatively pulsed,_the

"matrix.array simultaneously pulses all theAP I inputs to thefreceiver board
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that may formla walid coincidence pair.i_This enables certain_receivers.h

: Now if a,corresponding P II input is coincidently pulsed,'the receiverhreacts
hyrpulling its output low. This is inverted by, the'SN74SZO aCting as a
negative OR. ' The MC1582L is a line driver used to drive the output 31gna1

S ) the executive controller, part of the remainder of the experiment

Since there.are only two 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 wires between the =
pins of the component sockets.'_If-more'than 300 w1res_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,,
'go theitape was-made. ﬂThis involves formatting the'board into*data for a
system program'whichcsorts the interconnettions, finds avshortest path,
.printsla pinnconnection listing;'and punches:the paper:tape. ”

v As withhthewprevious_sections of the project,.the-prOpagation delay_
time is critical.'_Thellongest single delay is in the receiver; 25 nsec; o

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

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

- process . and output line dr1v1ng are performed on this board. Unlike_the other
VTTL-components, the receiver and line driver are_notoSchottky devices.: No
such components using Schottky techniques are presently'available.-
-The receivers require a logic "' on'pin 6. This is'accomplishedvby i
- wire-wrapping a small_lKQ, l/8w resistor between pins 6 and 14 (+V¢c).

. They also require a load resistor since they are open collector devices.:
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' ’The value of the load resistor is calculated using Ohm's law as follows.

Voltage across resistor o
Current through resistor

“'Raload-resistor =

’Voltage'across'resistor ='V -V low for receiver

“out
Current . through resistor = I low for receiver - Ii low for NAND
5v = 0. 4v

‘BL” 16ma - 1 6 m 3209'

A 5009 load resistance is achieved by connecting two. of the existing lKQ
'resistors in parallel and connecting the pair to the open—collector output.j‘__
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 resistorf.h
. 1n the high state is.

I = vcc»f-vout high for receiver

_"L' TR

Sv -2, 4v
500 Q

= 5.2 ma
- 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.

Nt . 5.2ma - o
Number_of gates = a—ig—gafzzzh f 20 gates

a_Therefore, ‘a maximum of 20 receivers may be collector ORed to one 5009 load

yresistor., Only 16 are actually connected together, thus yielding another

- .margin of safety This forms 4 groups of 16 gates each which are designated hf’

'fA', 'B',vlC'; and 'D' on Figure 10.

The power requirements for the board,are calculated using the.low state



current requirement and the data sheets.
 The low state current requireheﬁt-fbr the receiver board is found by
‘calculating the current through the ldad resistance for the low output

state of the receivers.

IRL = vcc‘- Vout*léw for receiver -
- N 2 m
Load gesigtor' | 4x9.2ma = 37 ma
‘Recetvers _' 64 x30ma = 1920 ma
- NAND , 1x10m = 10 ma
Line Driver 1 x 10ma = _10ma
o “ o 1977 ma

To protect against current surges while‘still supplyihg these reqﬁirements,

a 3 amp fuse is mounted in'each receiver board.
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PQVER' SUPPLY UNIT

VfAli ofythe circuits 1n thislproject are built on_CAHAC modules, These
_are'housed in‘s.CAMAC-crateiwhichvis poweredvby a>Separate.power'supply unit.
The crate has space for .25 modules, so some of the matrix boards that are
lnot in use for .a particular focus may be stored in the same crate. But
| connectors and circuit power.only_exist for the positions used for active’
-circuits. then'the;focushls‘changed, the”appropriate matrix_BOard is moved
from a“storage-slot to_the active.slot; and the formerly aotive matrix
' board is“placed lnto the storagevpositionr : |

lStandard CAMAC modules have‘availshle on their.connectors a variety
of power options ( 6V - 12V t 24V, + 200V, llS‘VAC' in additlon to 0 volts
or power return) The modules for this progect 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 1nserted into a CAMAC crate with standard

1power, the module will not be damaged

: Figure llfshows'a bloCk diagram of the power supply unit used to power

| the crate.k Both power supplies (- 5 VDC) include overvoltage protectors and .
~are current limited. The meters provide a quick check on the supply
unit's.operation.'zlhe size of power supply needed is determined from the
following tabulatlon for a'complete set of modules for one:focus,vtwo axes.

r_This7includes 4 driver units, 4 matrix boards; and Zireceiver'boardS. :



4V . (+ 5VDC):

Inverters (74504) 192 @ 10ma . . . .
One-shots. (74123)  32@66ma . . . .
Pull-up Resistors (2.2KR) 128 @ 1.8ma . . .
ReceiVers (75103)_' : , ;128 @.30mA N
NAND - (74520) o 4 @10ma . . ...
Drivers (1582L)° 2 @ 10ma . . . .

-V . (= 5VDC):

' Receivers (75108) = 128 @ 15ma . . ..
~ Drivers (1582L). 2 @30ma .. ..

‘A 5 volt, 12 amp supply is used for +Vc¢’ and a 5

is used for'4Vcc. ‘Thesé'tﬁo'supplies and their meters

30

e e .. 192

e e .. 2211

C e .. 3.84
'8.16»amps

. e . . 1,92

; o o ® 006 .‘
' ©1.98 amp

volt, 3 amp supply

are built into a

separate rack that is mounted direétly beneath thé‘CAMAC crate.

B o .
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'PROJECT RESULTS

-The;eXperiment-that utilizes the MWPC coindidence matrix has not yet

_beenxperformed.' The ultimate test of the operation of ‘the matrix will come

I ) 21
when it 1is 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

of complete success.

' The receiver boards are finished andrdebugged. ‘The only problem'found

wasfin.the.wire—wrapped wires. One wire nas shorted to a post around which
-1t made. a 90?.bend.‘ A pair of matrix boards ‘has been fabricated and loaded
with components., The‘computer -check out" program works as planned and found:

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

. b

'of.the board., The program is saved on the disk 80 that it may be used as

new boards are completed. The other 18 boards 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 wasucarefullyﬁ

checked in ‘the lab since crosstalk and timing considerations are critical.-
2~:Although the prototype breadboard indicated that the design would work, it.
.:was carefully checked using the actual boards. Again the dual function.y

‘rgenerator with-independent outputs was used.v

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

,the signals wvere sharper and’ exhibited less ringing than previously. vThis
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is due to the lackvof wires.laying over eachlother.'vThe.neareStinon¥pulsed'
| P I input line to the receiver board has a 2V 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 passive delay times are the same as
measured for the breadboard model and may be easily handled 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 chech 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 universally;

wherever MWPCs are in:use. As inter—event times beCOme smaller and the use
of MWPCs to determine spatial_pOSition more widespread, the need;forv.

coincidence,matrices such as this_will become more acute.

R I

‘
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PROTOTYPE PHOTOGRAPHS’
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¢ : XBB 736-3546
TRACES:. 18 P I signal at the function generator
19 P1I signél entering 38 feet of cabie
-7 20 PI signal entering the matrix board
L E P II signal entering the receiver board
X  Final outpﬁt from receiver,boara

" Figure 5 '
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‘LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA i FILE NO. . PAGE
:  SPECIAL PROJZCTS . MIEC
sugJecT - : - R N NAME o s
g ; PO s \ ' DATE BE
Driver Unit  Power Lissipation . ; June 1973
Chamber Amplifier DRIVER UJIT
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TAsLE 1
LAWSENCE RADIATION LABORATORY - UNIVERSIIY OF CALIFORN{A FILE NO. PAGE
COST ESTIMATE . 1l of 1
PROJECT NAME
MJ/PC Coincidence Matrix ' M. Barms
. oate 10 May 1973
SUBJECT ENG. |DETAIL SHOP MAT'L.|
Y & & .
Hardware Cost Estimate DESIGN | DRAFT | TECH. | FAB. |INSTALL s
$ ¢ 5 $
PRIVER UNIT BOARDS (4)
Insert, solder sockets 16 hrs 2 $12 ea 192
Wirewwrap (1600 wires) 32 hrs 2 $12 ea 384
Inverters 22 2 351.65 ea 36
One-shots 64 @ $3.80 ea 242
Resistors 32 @ $1.50 ea 48
DIP sockets 150 @ .65 ea 98
Cable connectors 32 @ $2.00 ea 64
CAMAC boards ' 4 @ $20.00 ea 80
CAMAC hardware 4 @ $10.00 ea : 40
TOTAL FOR DRIVER UNIT = §$1,184 h
MATRIX BOARDS (20)
Artwork design 30 hrs @ $12 ea 360 - )
Diode insertion (done by experimenter)
Artwork fabrication (20 bds)(1l hr/bd) @ $12 ea 240
Wave 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 | ) 1100
CAMAC hardward 20 @ $10.00 ea ! 200
FOTAL FOR MATRIX BOARDS = $1,326 [
RECEIVER BOARDS (2) l
Insert, solder sockets 24 hrs @ $12 ea : 238
Wire-wrap (680 wires) 12 hrs @ $12 ea 144
NANDs 2 @ $1.50 ea 3
Receivers 64 @ $3.00 ea 192
Capacitors 68 @ .29 ea 20
Resistors 10 @ $1.50 ea 15
Line drivers 2 @ $2.00 ea 4
DIP sockets 78 @ .65 ea ) . 51
CAMAC boards 2 @ $20.00 ea ’ 40
CAMAC hardware 2 @ 510.00 ez _ 20
[OTAL FOR RECEIVER BOARDS = $777
DTHER HARDWARE .
CAMAC crate : _ 210
Power supplies : ' ' : 100
Contingency 15% total ' ) 540
TOTAL HARDWARE COST = .$4,137 !

AL-3396



LEGAL NOTICE

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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