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Intr oduction

Thesingle-shotfacility of theDSO-101oscilloscopeis idealfor capturingtransientphenomena.In this paper, weuse
this capabilityto placeanelectro-mechanicalrelayunderthemicroscopeandinvestigatehow currentbuildsup in the
armature,how thecontactsclose,andhow they open.

Figure1: DSO-101Digital OscilloscopeScreen
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A Brief History of OscilloscopeTrigger Cir cuits

In orderto appreciatetheadvantagesof a digital oscilloscope,it' s usefulto know someof thehistorybehindoscillo-
scopetriggercircuits.

To produceastablewaveformdisplayof arepeditivewaveformthedrawing of thetracemustrepeatfrom thesame
point in the waveform. Early analogoscilloscopesuseda free-runningastablemultivibrator (oscillator)to generate
the timebase.The input signalwasappliedto this oscillator in sucha way asto pull the oscillationfrequency into
sync with the input signal. The pull-in range is quite limited, that is, the frequency of the multivibrator must be
approximatelyequalto thefrequency (or someintegermultipleof thefrequency) of theinputwaveform.This is avery
crudetechniqueanduselessfor non-repeditivewaveforms.

ShortlyafterWWII, Tektronix inventedthe triggered timebase.Thetimebasestartsits sweepwhencertaincon-
ditionsaretrueof the input signal. For example,thetriggercontrolsallow oneto setthe level andslopeof the input
signalto initiate asweep.This givestheoperatormuchimprovedcontrolover thewaveformdisplay.

A triggeredtimebasecanbearrangedto displaya single,non-repeditivewaveform. The level andslopecontrols
aresetappropriatelyand the trigger circuit is armed. Whenthe trigger event occurs,onesweeptakesplace. The
trigger circuit mustthenbe manuallyresetto enableanothersweep.In a darkenedroom or usinga mask, with the
intensityat a high level, it is possiblefor an operatorto seetheevent. Alternatively, an oscilloscopecameracanbe
mountedin a light-tight enclosurewhile aimedat thescreen.Thentheshutteris lockedin theopenposition.After the
eventhasoccurred,theshutteris closedandthe�lm processed.

In orderto seetheeventthatcausedthetrigger, theoscilloscopeverticalampli�er mustincludea delayline. The
delayline complicatesandaddssigni�cant expenseto thecircuitry.

Tektronixsubsequentlydevelopedanstoragecathoderaytubethatcouldbeusedto recordtransientevents.Storage
oscilloscopeswereexpensive,especiallythosecapableof recordingat highspeed.

Enter the Digital Oscilloscope

A digital oscilloscopesuchastheSyscompDSO-101is amuchsuperiordevicefor acquiringsingle-eventwaveforms:

� Thehorizontaltriggerpoint canbe movedbetweenthe left andright extremesof thedisplayarea,so that the
signalcanbeobservedbothbeforeandafterthetriggerpoint1.

� Theverticalampli�er doesnot requirea delayline, which reducessizeandcost.

� Triggerlevel andslopearedeterminedby comparisonof digital values,sotriggeringcanbesetveryprecisely.

� It' sstraightforwardto generatea hardcopy recordthatcanbeprinted,storedor incorporatedinto reports.

Trigger Controls

A screenshotof theDSO-101oscilloscopeis shown in �gure 1 on page1. To setup theoscilloscopefor singleshot
capture:

1. Adjust theverticalgaincontrol anddisplaypositionfor eachchannelso that thedisplayis a suitablesize. In
the�gure, channelA is adjustedinto theuppersectionof thescreenwith ascalefactorof 5 volts/div, channelB
into thelowersectionwith ascalefactorof 1V/div.

1Waveformacquisitiontakesplacecontinuously, writing datainto a circularbuffer. Whena triggereventoccurs,thebuffer contentsarefrozen
andthenwritten out to thedisplay. Theoperatorcanselectwhetherto displaysignalbefore,afterandat thetriggerevent.
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2. Decidewhich channelwill be the trigger source. In this case,channelA hasa moreabrupttransition,so that
will morepreciselylocatethetriggerpoint. SetTrigger Source to A.

3. Adjust thetrigger level (indicatedby theT symbolandhorizontalcursor)sothat thesignalpassesthroughthe
trigger level at the desiredtrigger time. In this case,the trigger level is setto 12 volts, roughlyhalf thepeak
signalonchannelA.

4. Adjust thetriggertime(indicatedby theX symbolandverticalcursor)sothatthetriggerpointshowsthesection
of waveformof interest.In �gure 1 it hasbeenmovedto mid-screen.

5. SettheTrigger Modecontrolto Single Shot . If possible,causetheeventto occur, andthescopeshould
capturethewaveform.If necessaryto expandor contractthedisplay, adjustthetimebasesettingaccordingly.

6. PressSingle Shot Reset to clearthedisplayandarmthetimebasefor anothercapture,

The Cir cuit

Wenow show anexampleof single-shotcaptureatwork: characterisingtheactionof anelectro-mechanicalrelay. The
relaytestcircuit is shown in �gure 2.

(a) Wiring Arrangement.The relay is in the centreof the
picture.
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(b) Schematic

Figure2: TestCircuit

The relay, Potter-Brum�eld typeKUP11D55,hasa 24VDC, 465
 coil with DPDT contacts.The power supply
E providesthenecessarypower. SwitchS is operatedby handto causetherelay to actuate.ResistorR generatesa
voltageproportionalto therelaycurrent.Full currentin therelaycorrespondsto 1 volt acrossthis resistor.

TheoscilloscopechannelA views theoutputfrom a relaycontact.In anidealworld, whentherelayactuatesthis
voltageshouldstepfrom zeroto 24volts. As we'll see,that'snot thecase.

OscilloscopechannelB views a voltageproportionalto thecurrentin therelayarmature.Therelayarmatureis a
coil of wire andwe canexpectthatthewinding inductanceslows theriseof current.
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Figure3: ChannelA (uppertrace):5V/div. ChannelB (lower trace):0.5V/div. Timebase:5msec/div.

Measurements

The lower traceof �gure 3 shows thebuildup of currentin the relayasit closes.Themostnoticeablefeatureis the
notch in thecurrentwaveformatthe7msecpoint. Theuppertraceshowsthatthecontactclosesat thispoint. Therelay
polepiecemovesdownwardat thatinstant,reducingthereluctanceof themagneticcircuit andtherebyincreasingthe
inductance.Oncethe relay is closed,thecurrentresumesits upwardclimb to its peakvalue(51mA). Somecontact
bounceis evidentin theuppertrace.

Thedurationof contactbouncevariedfrom trial to trial. Themaximuminterval betweenthe �rst applicationof
currentto thecoil to the�nal closingof thecontactwasfoundto be17msec.
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Figure4: ContactBounceonClosing.Verticalscalessameas�gure 3. Timebase:500� sec/div.
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Figure5: ContactBounceonOpening.Verticalscalesandtimebasesameas�gure 4

Figure4 shows anexampleof thecontactclosingbouncein detail. Typically, thecontactsbouncefor aninterval
of 3.6msecfrom time of �rst closureto �nal closure.This signalcouldnotbeusedto actuatesolid-statedigital logic.
A digital counterfor examplewouldhappilycountmany of thebounceeventsasvalid logic transitions.Furthermore,
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a Schmitttriggerwill not cleanup this sequencesincemany of thebouncetransitionsextendacrossthe full voltage
range.Thesequencecouldbecleanedupwith amonostablecircuit thatincludesadelayof somewhatgreaterthan3.6
milliseconds.

Therelaycontactopeningsequenceis shown in �gure 5. Thecontactopensbrie�y attheinstantcurrentis removed
andthenloiters in theclosedpositionfor a further3 millisecondsbeforethe �nal opening.Again, this signalcould
notbeusedto actuatesolid-statedigital logic sincethereareat leasttwo falling-edgetransitions.

TheDSO-101oscilloscopeexcelsin this typeof application. It triggerseasily, displayssignalsbeforeandafter
thetriggereventandallowsconvenientdocumentingof theresults.

Noteon the Diagrams

ThewaveformsweresavedusingtheDSO-101menuitemTools -> Export to postscript .
Thepostscript�les werethenincorporatedinto theLATEXsourcecodeusingthe\includegraphics command.

Resources

Somegeneralnoteson theoscilloscopeareavailablefrom Wikipedia:
http://en.wikipedia.org/wiki/Oscill oscope

Informationon theSyscompDSO-101oscilloscopeis availableat:
http://www.syscompdesign.com .

Sourcecodefor the oscilloscopeis OpenSoftware. It is available underthe GPL from Sourceforge at the Open
InstrumentationProject:
http://sourceforge.net/projects/oip .
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