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Correlation units are intended as flexible building blocks of decision electronics in multicounter experiments. The design and per-
formance of a 4-variable module are reported.

1. Introduction

The need for new types of flexible and computer
programmable logical electronic modules, for fully
automated experiments, happily meets with the ex-
cellent characteristics of integrated circuits.

Conventional coincidences, fan-in, fan-out modul-
es etc., can be built by integrated circuits, adding, if
necessary, non-integrated circuitty to improve the
overall performance®.

Also the whole experimental logical diagram can be

* For instance the Miniature Logic System of Elliot Process
Automation Ltd.

built with integrated circuits, on large printed boards,
with such mounting and wiring as to allow for the
necessary changes.

An intermediate approach is to build some modules,
whose logical function is complex enough to take
advantage of integrated circuits and to obtain all
logical diagrams by assembling few equal modules; yet
the modules should be simple enough to be of a general
type, independently of the particular application.

One such module has been studied and called Cor-
relation Unit!). It can give any logical function of n
binary variables, in a time not longer than that requi-
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Fig. 1. Block diagram to obtain Boolean functions of 4 variables 4,B,C,D. The remotely controlled a; coefficients determine the
function F(A4,B,C,D). The a;N; terms are obtained from AND-gates, and-then added in the OR-gate. The clock signal is a pulse
synchronous with beam bursts (e.g. in storage rings), or can be obtained from a coincidence between low threshold discriminators.
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46 C. PREZZI AND F. SOSO

red for usual coincidence-anticoincidence operation.

The output function can be easily changed by
switches or external voltage levels from one function to
another of the same variables. No change in signal
width or delay is required.

2. Logical organization of a correlation unit

Let x,, ..., x, be Boolean variables, e.g. discriminated
signals from n counters. Any one of the 2%, with k=2",
Boolean functions F(x;, ..., x,) can be written

k

F(Xg500%,) = Y, aiN{x4,...,%,),

i=1

(1)

where the a;’s are binary numbers and Ny(x,, ..., x,)
are the normal products or minterms of xy, ..., x,.
We define a program

¢=(a15"':ak)a (2)

as the set of k bits that completely specify F(x, ..., x,,).
A correlation unit for the variables x4, ..., x, must give
a particular F(x, ..., x,) by easily choosing one of the
2% programs ¢.

The block diagram of the correlation unit is some-
what simplified if F(xy, ..., x,) is written as

ABCD

F(x15~~~’xn) = ZarsNr(xla“~,xm)Ns(xm+1=”‘=xn)9 (3)
where the g, are binary numbers and N, and N are the
minterms of the variables (X, ..., X,,) and (X, 4 15 -, X,)
respectively.

The diagram for » = 4 variables and m =2 is shown
in fig. 1.

3. Choice of the integrated circuits

The features of the AND, OR-gates to be used
should be:

— Low switching and delay times. Therefore non
saturated or current-mode logic should be preferred.

~ High noise immunity, to neutralize crosstalk between
signal paths.

— Logic levels like the usual levels of fast logic signals.

These resuirements are well met by the Emitter
Coupled Logic integrated circuit (Motorola MECL II,
ARCA ECCSL, etc.).

The basic gate circuit (fig. 2) is similar to many tube
or transistor coincidences with a current source shared
by active elements.

The logical swing (0.7 V) is the one of NIM standard,
with some level shift (—0.8 V) required.
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Fig. 2. a. The basic current-mode gate provides simultaneous AND-NAND output functions (“1” logic level negative). The threshold
point is fixed by an internal bias reference. b. Logic symbol of the AND-NAND gate, and tied connection of two gates.
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Fig. 3. Practical diagram of the correlation unit.

4. Practical correlation unit

Once the integrated circuits have been chosen, the
diagram of a 4-variable unit (fig. 3) is straightforward.

Transistor emitter followers provide the input and
output level shift, so that the whole circuit is dc
coupled. Tied connections are used whenever possible.
The a;’s are switch-selected voltage levels.

BSX29

X
.
-

Apart from some care in the printed card layout, no

component selection or initial adjustement are neces-

sary.

The behaviour of the correlation unit is shown in
signal at f, =50 Mc and 4, B, C, D
3 fo, 4fo» $f0, T6fo respectively are sent

fig. 4. A clock
waveforms at

to the unit.
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Fig. 4. Output pattern F(4,B,C,D) of the correlation unit when the a; coefficients are set forthe function F= (4 -+ C) (B+ D) + AC.
Clock repetition frequency is 50 Mc/sec.

The a; coefficients are set for the function F(4,B,C,D)
=(A4+C)-(B+ D)+ AC, which is in fact the pattern of
output clock pulses.

The minimum clock width (5 nsec fwhm) and the
output rise, fall and delay times are shown in fig. 5.
The double pulse shows minimum clock spacing.

The resolution curves when the correlation unit is

Fig. 5. Clock signal at the input (upper trace) and output
(lower trace) of the correlation unit. Vert.: 0.3 V/cm; time scale

5 nsec/cm.
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Fig. 6. a. Resolution test set-up.
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used as a coincidence or anticoincidence between

o photomultiplier signals are shown in fig. 6.

UNIT TIME

1007 ¢ 5. Conclusion

Having built a medium complexity fast logic module,
using suitable integrated circuits, the integrated circuits
and the module itself have shown very satisfactory
performance.

From a practical point of view the module is neither
more costly nor more bulky than a conventional
module.

It requires no alignement and is presumably very
reliable.

Using the same integrated circuit and techniques,
other logic units can de designed.

807+ (b

Thanks are due to Mr. A. Albanesi and Mr. V. Lauta
recative Time  for the careful design of the prototypes.

(nsec)

107

Reference
Fig. 6. b. Plot of normalized counting rate vs relative delay. 1) E. Schiavuta and F. Soso, Nucl. Instr. and Meth. 60 (1968) 36.

Fig. 7. Front and side view of a correlation unit, NIM module. The a; switches are arranged in a Veitch diagram, to choose selection
of different output functions.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


