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1 Introduction

It is a commonsituationthat an electroniccircuit is neededor a studentproject,to demonstrate concept,to
validatea simulationor for onespecificapplication. Thefirst partof this papershavs how a printedcircuit may
bedesignedandconstructedhtrelatively low cost.

For reasonf time or cost,a full-blown printedcircuit boardmay not be practicalor necessaryThe second
part of the paperdescribedifferent methodsof constructinga one-of or prototypeelectroniccircuit without
constructinga printedcircuit board.

Thesetechniquesarewell known amongthe amateurradio and hobbiestcommunity This paperbringsthe
ideastogetherfor studentsn ElectricalEngineering.

Several peoplecontributed useful suggestion®n publicationof the first versionof this paper which have
now beenincorporatedseesection3). Thanks,folks. If you have a suggestioror constructiontechniquethatis
not mentionedhere,you are welcometo sendit to me at the email addresgivenabove and I’ ll considerit for
inclusionandcredit.

1.1 ThePrinted Circuit Board

Whenwe think of constructingelectroniccircuits, we often think of a professionalprinted circuit board. An
exampleis shavn in figure 1. Stufing componentsnto a commerciallymadecircuit boardis easy and the
resultlooks very professional. However, the designand manufctureof a full-blown printedcircuit is a major
undertaking A doublesidedboardincludesthefollowing elements:

e topcoppertraces

e bottomcoppertraces

e platedthroughholes,thatconnecthetop andbottomtraces

e soldermask,thathelpspreventsolderbridgesbetweertraces

e silkscreenshaving componentlesignationsndothernotessuchasthe copyright symbol
Usingmodernmethodsthe productionof acommerciabprintedcircuit boardinvolvesa numberof steps:

1. Draw thecircuit schematiaisinga schematiceditor program.Ilt maybenecessarjo createsomeschematic
symbolsfor the program.

2. Transferthe schematimetlistto a board layout program. It may be necessanto createsomepackage
outlinesfor the program.

. Determinethe sizeandshapeof thecircuit board.
. Placethecomponent®ntheboard.
. Routethecircuit boardtracesusinganautormouter.

. Add circuit boardsilkstreemotes.
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. Carefullycheckthatall the holesarein the correctpositionandthe correctsize,sothatthe componentgit
properly



Figurel: Professionauality Circuit Board

8. Generatehegerberfiles. Thesedescribeheboardfor the manufcturer
9. Shipthegerberdo the manufcture crossyour fingers,andhope.

Eachof thesestepgakessignificanttime andrequiresereraliterations.

1.2 Low-Cost Printed Circuit Board L ayout

It is usuallyworthwhile to expendsomeeffort on designinghelayoutof acircuit board,whetheror notit will be
usedto producea printedcircuit board.Simpleboardscanbelaid out by handusingacomputedraving program,
but the processf designinga complex printedcircuit boardabsolutelyrequiresaccesto computerbasedtircuit
layouttools. Full-blown schematidayoutandPCBdesignprogramsareexpensve. For example therip-up-and-
retry autoroutefin thesysteml usecost$600CDN.However, therearesomelimited student-editionshatarefree
or inexpensve but still useful.
For example,the EAGLE Light Edition from CadSoftComputetGmbH

(http://ww. cadsof t usa. cont f r eewar e. ht m) runsunderLinux andWindows operatingsystemsand
providesthefollowing featuresn its downloadableversion,which is freeto non-profitusersor for evaluatiort.

1| have no directexperiencewith the Eaglesoftware- | usea differentcommercialpackage but a numberof fourth yearEE studentsat



e Useableboardarealimited to mm ( inches).
e Two layersmaximum

e Schemati@ditoris limited to onesheet

Limited versionsof printed circuit layout programsare also available from lvex Designinternational,Inc
(http://wwv. i vex. com )andHolophaseCorp.(htt p: / / www. hol ophase. com).
Onceyou have the boardlaid out, thereareseveral possiblewaysto usethe circuit-boarddesign:

e Thegerberfile canbe emailedto a shopthatspecialisesn quick-turnaroungrototypeboards.Several of
thesecompanieadwertisein Circuit CellarMagazine(www. ci r cui t cel | ar. com). (Seesectionl.3.)

e A printedcopy maybeusedin thetonertransfermethod.(Seesectionl.4.)

¢ If you have accesdo a PCB milling machine the gerber file outputcanbe usedto mill a printedcircuit
board.(Seesectionl.5.)

¢ If youareplanningto hand-wirethe prototype the PCBdesigncanbe printedat 100%(full scale)andthen
gluedto the circuit boardasa guidefor constructionIf you aremakinga double-sidedoard,print outone
sideasis andtheothersideasa mirror image.Gluethemto thetop andbottomof thecircuit boardmaterial
andusethemasaguidefor constructingheboard.This speedsip the proces®f constructiorconsiderably
from just’winging it’. It alsoprovidescomponengannotationghatareusefulin troubleshootinghe board
later. And if it's a prototype,you cancounton sometroubleshooting(Seesection®2.1and2.7.)

1.3 Commercial Manufacture

Typically acommerciaPCboardmanugcturemwill chageabout$800CDNfor the setupandproductionof their
minimumquantity which mightbetenboards .However, therearecompaniesuchasA.P.Circuits

(http: // www. apci rcui ts. com) thatspecializein prototypeprintedcircuits boards.As Howard Franklin
writes:

For AP circuits| usethe P1 servicewhich doesnot havesilk screeningor soldermask.But, for 2 4in

x 5in boardswith their standad drill sizeshecostis $105Cdnexcludingtaxanddelivery Thisdoes
includeplatedthroughholes. | sometimegdit thedrill file manuallyto usethefreedrill sizes.For

mostwork addinga few thousandf an inch doesnt mattermud. Thetedchniciansthere are quite
goodfindingan error the pcb padage automaticrule cheders missed.

Sincea prototypewill inevitably have somemistales,youwill haveto cutandjumpertracesontheseboards.
Thesecondunwill morelikely be mistake free. However, the manufacturerwill have anew setupchage,since
theboardswill have changed.

1.4 Toner Transfer Method

Thetonertransfermethodprovidesa simplemethodof makinga printedcircuit boardfrom anexisting drawing.
Basically it providesa methodof transferringa toner pattern(from a copieror laserprinter) to a copperclad
circuit board,whereit canactasaresistfor the etchingprocess.

Assumingthata single-sidedoardis beingmade(the usualcasewith this method)the processs this:

RyersonUniversity have usedit successfully



1. Obtaina sizeas, (100%scale)copy of the printed circuit boardlayout. This could be the printed output
from a PCB designprogram(sectionseel.2 above), or it could be the layoutthatappearsn a magazine
article.

2. Generatehemirrorimageof thelayout.

3. Usingacopier, copy a mirror imageof thelayoutontoa specialtransferfilm or, usingalaserprinter, print
amirror imageof thelayout,at 100%scale ontothe specialtransferfilm.

4. Preparehecopperoardby carefully cleaningit with steelwool. Usespecialcareto ensurghatthereis no
greaseontheboard.

5. Useanordinaryclothesiron to transfertheimagefrom thefilm ontothecopper Theheatsettingfor theiron
is critical anddependso someextenton thetonercomposition sosomeexperimentingmay berequired.

. Remare thebackgroundilm. Dependingon thetype of film, you mayhave to dissole or peelit away.
. At this point, thewiring sideof the boardshouldlook like thetopimagein figure 2.

. Etchtheboardusingferric chlorideor someotherechant.
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. Whentheboardis eched remove theresistusingsteelwool.

10. Tin theboardby immersingit in platingsolution. This preventscorrosionof the coppertracksandmakesit
easierto solderto them.

11. Drill thecomponenholesandmountthecomponents.

Theresultsachievablée? with this processareshown in figure 2. The middleimageshawvs the componenside
of the assembledboard. The bottomimageis the wiring side of the sameboard. Notice that sometracessnale
betweerthe pinsof theintegratedcircuit, anindicationof the capabilitiesof this method.

Two sourcedor thetransferfilm are:

http://ww. t echni ks. conl press-n-peel . htm
http://ww. dynaart.com E. DTF/ E. DTF1. ht m

As evidentfrom the photographf figure 2, an excellentresultis possiblefrom this method. Thereis no
reasorwhy the methodcould not be extendedto a double-sidedoard,providing both copperpatternscould be
registeredsothatthey line up correctly For moststudentboardshowever, it's simplerto stick to a singlesided
boardandputin afew jumpers.

It shouldalso be expectedthat someexperimentingwill be requiredbeforethe proceedurdas completely
delugged.Be preparedo throw away a few attemptseforea satisactoryboardis produced.

2Boardsdesignedandconstructedy Peterk ozlonski



Figure2: TonerTransferApplication



1.5 Prototype Milling Machine

Ratherthanshipthegerbermlotsto a manufcturerandpaythe setupandproductionchagesfor a printedcircuit
board, it is possibleto producethe boardon a PC Board Milling Machine. Organizationghat do significant
printedcircuit boarddevelopmentmay be ableto justify the $20K price of the machine,in which casethey can
generaterototypesvery convenientlyandquickly.

Themilling machineds essentiallyavery precisexX-Y plotterwith a cuttingtool wherethepenwould normally
reside.The machinecutstiny slotsinto barePCB stockin orderto outline eachtrace. It alsodrills thenecessary
holesin the boardand cutsthe boardout of the copperstock. A doublesidedboardcan be producedon the
machineby milling onesideaftertheother

An example board producedby this processis shown in figure 3. The top photographis a mobile robot
prototype,viewed from the componenside. The bottom photographis a closupof the wiring side. Eachlittle
blobis avia thatconsistof a shortlengthof #30ANVG solid wire, solderedo thetop andbottomtraces .Most of
thecoppemremainsonthe board(in contrasto a commercialPC Board).the only copperthatis removedis from
theoutlinearoundeachtrace.

The milling machinehasits applicationniche, and hasmadeit possiblefor an organizationlike Ryerson
University to do quick turnarounddevelopmentof printed circuit board prototypes. However, thereare some
limitations:

e Thecostis beyondthereachof anindividual, sothe machinehasto be availablethroughanorganization.

e Therearesignificantoperatingcosts:the milling bits have a very limited life, especiallyif large areasof
coppemeedto beremoved.

e Operationof the machinerequiressomeskill to producereliableboards.For example,the PCboardstock
mustnot bewarpedor thetraceswill have shortcircuitsbetweerthem.

e The prototypeboard doesnot have suchamenitiesas plated through holes, solder mask, or silkscreen
markings. Handwiring the platedthroughholesis tediousand mustbe donevery carefully not to create
shortcircuits®.

e It's not unusualto inadwertently createa shortcircuit betweentracesor a traceand ground. Finding and
fixing thesecanbevery time consuming.

In spite of theselimitations, a milled prototypeis usefulin mary prototypingsituations. It is excellentfor
generatingadio-frequenyg prototypeswherecircuit elementsuchasinductorsandstripline resonatorsnustbe
fabricatedn the printedcircuit boardcopper It's feasibleto do small productionrunsif the boardcanbe kept
to onelayer It's oftenvery usefulto have a prototypethatis essentiallythe samesizeandshapeasthefinal PC
boardversion.

Onevery usefulapplicationof themilling machines in producingadaptorcarriersfor surfacemountcompo-
nentintegratedcircuits. Many surfacemountintegratedcircuits aredifficult to wire to becaus®f thetiny sizeof
the packageandpins. The adaptorcarrieris a small circuit boardthathasa connectiorpatternthat matcheshe
integratedcircuit and bringsthe connectionpointsout to a 0.1 inch grid that canbe wired into a protoboardor
othercircuit.

It shouldbekeptin mindthatary printedcircuit boardproducednamilling machinemustbedesignedising
all thestepsdiscussedhn the previoussection.For a studentprojectthis canbe atime-consuminglistractionfrom
themainobjective, whichis to geta working circuit.

3| oncewired a prototypewith over 300 platedthroughholes. It took several daysto accomplishand!’ Il never doit again.Theboardhad
oneintermittentthattook some7 hoursto find.



Figure3: Milled PCBoardPrototype



2 Alternativestothe Printed Circuit Board

The processof designingand constructinga printed circuit boardis justifiable whenthe circuit is going to be
producedn large numbersor thereare compellingengineeringeasonsvhy a printedcircuit boardis necessary
Howeverin mary situations gspeciallyin the studentprojectervironment,a printedcircuit is overkill.

In the questto producea professionalooking circuit board,it is commonfor a studentelectricalengineeito
becomesidetracled from the main objective of a circuit designproject,which is to getthe thing designedand
working.

Theremaindeof this papershovs somealternatvesto the commercial-procesgrintedcircuit board.

2.1 Veroboard

| wasintroducedto Veroboardwhile in high school,backin the 60’s, so Veroboarchasbeenaroundfor a while.
Veroboardis a productout of the UK andis excellentfor constructingdiscretecomponentircuits suchasthe
audioamplifiershovnin figure4. As you cansee theresultis a professionalooking circuit. Veroboards widely
known andusedin the UK, but almostunknavn in North Americafor somereason.

Veroboards phenolicboard,punchedon 100 mil (0.1 inch) centres bareon the top andwith copperstrips
on the bottom. To constructthe electroniccircuit, you lay out the componentsn a north-southdirection. The
tracesrun in aneast-westaindarebrokenaspartof the constructiorprocessn orderto isolatethe variouscircuit
connections.

Verohave aspecialtool for breakingtracesput I’ ve long sincelostmine. A 3/8” drill bit worksjustfine. Push
it up againsta traceandtwist, andthetraceis broken. In the wiring sideview of figure 4 thetracesarerunning
north-southandyou canseewherethey have beenbroken. In the componensideview of figure 4 you cansee
thejumperson the componensideof the boardthatconnectraceson thewiring side.

An exampleof aschemati@ndits corresponding/eroboardayout,is shavnin figure5. Thehorizontaltraces
arethe Veroboardcopperstripson the wiring sideof the board. The verticaltracesare jumpersthat are usedto
connecthevarioustraces.

AnotherVeroboardexampleis shavn in figure 6. After cookingan expensve microprocessoll installedthis
device betweerthe outsideworld andthe microprocessoto limit the voltageon eachmicroprocessoline with a
seriesresistorandclampingdiodes.

Veroboards surprizinglyrugged. Componentganbe solderedandunsoldereda coupleof timesbeforethe
coppertracedift. I've evenseenit usedin smallproductionruns.

Veroboards notwell suitedfor comple digital circuits. It’ s mainareaof applicationis analogcircuitry.

| find it usefulto usethexf i g drawing programto planouta Veroboardayoutbeforeconstructingt. When
thelayoutis completed] printit at 100%scaleandglueit to the componensideof theboard.This thenactsasa
guidein constructingandtroubleshootinghe circuit®.

Veroboardmay be becomingobsolescentprobably becausaeadily available computerbasedayout tools
have madeit easyto do printedcircuit boardlayouts. The local distributor - ElectronicPackagingin Kingston
Ontario- have indicatedthat only a limited selectionis available. Howard Franklin tells me thata 'veroboard
clone’is availablefrom SayalElectronicsherein Toronto.

41t would be usefulin thesedaysof computercircuit boardlayout programs to have a programthat would automaticallytranslatea
schematidnto a Veroboardayout. As far asI’'m aware,sucha programdoesnot exist. Alternatively, an existing commercialPCB layout
programmight be setupin sucha way asto generate veroboardayout.



Figure4: VeroboardAudio Amplifier, ComponenandWiring Sides
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Figure6: CableAdaptor ComponenandWiring Sides
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2.2 TheProtoboard

If you've doneary work in electronicsyou’ve probablyuseda prototypingboard. A small protoboardcircuit is
shavnin figure7.

The boardconsistsof a numberof groupsof holes. In the centreof the board,you can seethat thereare
groupsof 5 holesrunningvertically. Eachof thesehasa connectiorstrip below the plastic,sothatarnything lead
pluggedinto onegroupof five holesis connectedo anotheldeadin the samegroup. Therearealsolargergroups
of holesthatrun alongthe top of the board. Thesecanbe usedaspower supplybusses.Connectionaremade
with jumpersof #22AWG solid wire.

The prototypeboardis a wonderfulinvention. It allows oneto throw togethera circuit in minutes. Experi-
mentingis easyandrequiresveryfew tools. (A pair of needle-nosegliersfor pushingleadsinto thesoclets,and
a pair of side-cuttergor trimming componenteads,arebothhandy) Onenice aspecbf the protoboards thatit
canbesetupto mimic thelayoutof a schematicwith a positive power busatthetop, groundin themiddleanda
negative power busat the botton?

Figure7: Protoboard

For low frequeng work, the protoboards anessentiatool. However, it doeshave somelimitationsin critical
applicationsWherelargegainsor highfrequenciesreinvolved,the protoboardioesnot provide very predictable
groundingpaths,andthis mayleadto noisepickup andoscillation. Thereis a small capacitancéetweenreachof
the connectorows, andthis canupsetsomehigh frequeng circuits. The currentcapacityof a protoboards very
limited — I wouldn't useit for anything muchmorethan500mA. If you forcelarge diameterdeadsinto the holes,
thecontactsaarebentbacksothey don't make reliablecontact,andthis canbedifficult to troubleshoot.

For a studentproject, the protoboards a goodplaceto start. But for a circuit thathasto be reliable (when

5Always, always decouplethe power bussego the groundbus with 100nFcapacitors.Larger capacitorssuchas10 F electrolytic, are
alsoagoodidea.
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carriedaroundin a studentknapsack)someothermethodof constructiorshouldbe used.A usefulstratay is to
dehug certainpartsof a circuit on a protoboardandthenmigratethatcircuit to someotherconstructiortechnique.

2.3 Haywire Technique

This techniqueusesbarecopperprintedcircuit boardasa platformfor the restof the circuit. The printedcircuit
boardfunctionsasalow impedanceroundplanefor thecircuit. Componentsiresolderedo the groundplaneor
to eachother Integratedcircuitsaremounteddeadbug style ontothe copperandcomponentsolderedirectly to
thelC pins. An exampleof a haywirecircuitis shavnin figure 8.

Figure8: Haywire Circuit 1

If you look carefully, you canseewherecomponentvires aresoldereddirectly to the groundplane,andthe
integratedcircuits mountedpins-up. Thecircuit is anexperimentalvariable-gairpreamplifierfor anoscilloscope,
wherehigh frequeng behaviour is important. The protoboardversionof this circuit functionedafter a fashion,
but it wasnecessaryo build this prototypeto getit to operateup to its specification(4MHz). Thethreetoggle
switchesselectoneof 8 gainsettings.
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A secondexampleis shavn in figure 9. In this circuit, the boardhasbeendivided into threestrips, one

Figure9: Haywire Circuit 2

eachfor the positive power, ground,andnegative power. Notice the decouplingcapacitorsat the left endof the
circuit, wherepower entershe board.Thetwistedwiresin theforgroundarea gimmidk capacito— anadjustable
capacitorof afew picofarads.

Of coursemodificationsto the circuit requireuseof a solderingiron. The haywiredcircuit is morereliable
thanaprotoboarctircuit. Youdon't haveto worry aboutflaky connectionsvhenleadsaresoldered Thehaywired
circuit hasfewer problemsdueto straycapacitancandthe large groundplaneareaminimisesproblemsdueto
indictive or resistie voltagegradients.

2.4 TheDreme Tool Method

Whena circuit is not too complicated(ie, canbe laid out with a single copperlayer) andincludessomelarge,
odd-sizedcomponentsthemilled circuit techniqueshavn in figure 10is useful.

In the traditionalmethodof laying out a circuit board,the tracesare usuallyfine lines. But whenyou think
aboutit, the large empty spacebetweentracesis not necessary- the coppercould be increasedandthe space
decreasedyroviding everythingcanbe madeto fit. Theneachwire in the circuit becomesnareaon the circuit
board,andthe areasare separatedrom eachotherby thin gaps.Puttingit technically eachwiring nodeon the
schematids allocatedanareaon the printedcircuit board.

This leadsto someadvantagesn circuit boardconstruction.
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Figure10: Milled Circuit: DremelTool Method

e Theareaxanbeseparatedrom eachotherby hand,usinga Dremeltool with amilling bit to cutagapthat
isolateseachcircuit areain the copper

e Eachcopperconductoris now alargeareasoit cansafelycarryaheay current.

e Theboardcantake a fair amountof abtusewith a solderingiron andis the copperis still unlikely to lift
(unlike boardswith delicatetraces) sincethereis alargeareaholdingit to the substrate.

e Eacharearepresentarelatively largetarget,socomponenholescanbedrilled withoutworrying too much
aboutalignment.

The circuit shawvn in figure 10 is an SCRlight dimmercircuit that wasbuilt by theatretechnologystudents.
This particulartechniquewvasappropriatebecauséehe studentscould eachmill outtheir own boardby hand,the
boardcould take someinexpert solderingwithout being damagedandit could handleline currentof several
amperes.

Thepositionof themilling linesweretransferredo thecoppefayerusingcarbonpaperandthenmilled outby
hand.Anothertemplate shaving drill sizesandpositionswasgluedto thecomponensideandusedasadrilling
guide. The sameDremeltool that was usedfor milling out the tracescannow be usedto drill the component
holes.

Noticein figure 10 how the mountinghole areasin the four cornersareisolatedfrom the restof the circuit.
Thecircuit gapsareplainly visible from the componensideof the board ,which aidstroubleshooting.

It's importantwhenmilling the boardthatall the circuit areasare completelyisolatedfrom eachother It's
easyto overlooka copperwhisker connectingwo areas.After milling is complete t's a goodideato checkfor
ary shortcircuitswith anohmmeteior continuity checler.

Dependingonthesizeof the copperarea,solderingto this type of boardmayrequiresignificantheat.A large
copperareamay take sometime to comeup to temperature.So the boardshouldbe carefully cleanedbefore
soldering,andsolderjoints shouldbe carefullyinspectedafter soldering.

16



2.5 Radio Frequency Boards

A relatedtechniqueor boardconstructionis shavn in figure 11.

Figure11: RadioFrequeng Circuits

Thesearetwo radio frequeng circuits,a 50MHz amplifieron theleft, anda sectionfilter on theright. In
boththeseboards,areashave beenmilled out usinga Dremeltool andthencomponentsolderedo the copper
areas. The amplifier boardwas divided up into squaresandthe coppersquaresusedasterminal pointsfor the
componentsThis way, the circuit canbe modifiedand component@&ddedwithout having to changethe circuit
board.

Notice the copperboardshieldthatis solderedo seseralareason the mainboard,often necessaryo isolate
outputfrom inputin anRF circuit. (At radiofrequenciesstraycapacitancéetweeroutputandinputcanturnan
amplifierinto anoscillator) Componenteadlengthscanbe keptshort. The materialusedis double-sidedoard
stock. Onesideis usedfor attachingcomponentsthe otherasa groundplane. Wherenecessaryholesin the
boardcanbring tracesfrom the top sideto thegroundplane.

17



26 WireWrap

Wire-wrap is a the techniquetraditionally usedfor a complex digital prototypes. It supportsan extremelyhigh
wiring density so lots of circuitry canbe pacledinto a smallboard. In thesedaysof accuratepowerful digital
simulationsthewire-wrappedprototypeis notascommonasit usedto be. After a successfusimulationit usual
to migratethe designto a printedcircuit boardwithout a wire-wrapprototype.However, wire-wrapis still useful
wheretherearemary IC’s to beinterconnecte@nda printedcircuit boardis overkill.

Views of awire-wrap boardareshowvnin figure 12. Thefirst partof thefigure shovs acomponentiew of the

Figure12: Wire WrapBoard

board togethemwith thewire used #30AWG, anda wire-wraptool, anunwraptool, andneedle-nosetiveezers-
ausefulaccessoryThe secondartis a closeupof thewire-wrappinsandwiring.

Eachintegratedcircuit sitsin awire wrapsoclket. Thewire-wrapsocket hassquarepins of abouta centimeter
in length,which projectinto the wiring sideof the board.

Connectionsremadewith #30ANG solid wire. Theendof thewire is strippedfor aboutl.5cmandthenfed
into an offsethole in the endof the wire-wraptool. The centerhole of the wire-wraptool is thenplacedover a
pin andtwisted. This resultsin a spiralwrapof 7 or 8 turnsof thewire aroundthe pin. The squarecornersof the
pin cutinto the wire, ensuringa gastight connectiorthatwill not degradewith time. Wire-wrapwasoriginally
inventedto be usedin thetelephonesystemsoit is known to bereliable.

If discretecomponentsieedto be mountedon the sameboard, T44 pins (seesection2.7 below) can be
pushednto theboardsothatthe components solderedo thetop andwire-wrappedo thebottom. Alternatively,
componentganbesolderedo anIC carrier - asmallplatformwith pinsthatfit into anlC soclet. The carrieris
thenpluggedinto anIC soclketandconnectionsvire-wrappedo the pinsof thatsoclet.

I’ seasyto getlostin theforestof pinsandwiresof awire-wrapboard,andmix upIC numbersor pin numbers.
It's possibleto getlittle plasticlabelsto go on eachIC, but theseareexpensve. A betteralternatve is to design

18



the layout on a computey shawving the integratedcircuit numbersand pin numbers.Print it out at 100%scale,
glueit to thewiring sideof the board,andpoke the socletsthroughthe boardandpaper This kind of roadmap
will beverywelcomewhentrying to find a particularsignalto probe.

2.7 Vectorboard

TheVectorcompalty producesa numberof diffirent circuit boardsthatareusefulin the constructiorof electronic
prototypesln this sectionwe’ll look atanapplicationof their bareperforatedboard. The componenaindwiring
sidesof anexampleareshovnin figure 13.

Figure13: VectorboardApplication

This boardis typical of mary electroniccircuits. It containsa single chip microprocessqranaloguesignal
conditioningcircuitsanda variety of externalconnections.

Integratedcircuit wire-wrap sockets are fastenedo the circuit boardusing hot-gunglue®. The component
leadsthemselescannotbe usedfor wire-wrapping,becausahey areroundin cross-sectionlf you do wrapto
a round crosssectionwire, it will probablywork for a while and thenfail when oxide forms on the wire and
componentead. If youdowire-wraponacircularcross-sectiondéad,you shouldsolderthe connectiorto make
it reliable.

6Don't usecyanoacrylatgaka Crazy-Glue,SuperGlue), becausét tendsto wick up into the IC soclet andmake the soclet unuseable.
Guesshow | discoveredthis. ..
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A specialVectorpin, thetype T44, is usedto mountdiscretecomponentsThe squarecrosssectiontail of the
T44 pin cutsthroughoxide on the wire wrapwire andmalesareliableconnection.The T44 pin hasafork atthe
componenend,ashouldetthatfits snuglyinto a Vectorboardole,andalong tail thatis usedfor wire-wrapping.
The fork sectionof eachT44 pin holdsoneendof a componensuchasa resistoror capacitor The component
leadscanbebentto solderto adjacenpinsandcomponenteads.

Theoverallresultis arespectabléooking circuit, atleastwhenviewedfrom thecomponenside.

2.8 Terminal Strip Construction

Theterminalstripsshavn in figure 14 areusefulin a variety of circuit constructionsA wide variety, at very low
cost,areavailablefrom Cinch-Jone&

Figure14: TerminalStripsandApplication

Figure14 alsoshavs two circuit boardconstructionshatuseterminalstrips. Theleft-mostcircuit is ajig for
measuringnductance Thewiring is supportedy the terminalsof four binding postsanda BNC connectoyplus
a5-way terminalstrip.

Theright-mostcircuit is theremnantf a power supplyzenerregulatorandcapacitoffilter.

Terminalstrip constructions especiallyeffective whenthereareonly afew componentso bemounted.Often,
thecomponentganbe completelymountedon oneterminalstrip or betweerntwo terminalstrips.As in all circuit
constructionalittle planningpaysoff in aneatresult.

I wasunableto find a WEB referenceto thesedevices. Thereis, hawever, a picturein the ElectrosonicCataloguereferencg9], page
484.
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