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1 Intr oduction

Therearetimeswhenits extremelyusefulto know the voltage-currentharacteristiof somesemiconductodevice.
Perhapg/ou're matchingtwo transistors.Or you needto determinethe characteristiof someunknown surplustran-
sistor

It's possibleto obtaina VI Plot by handwith an ammeter voltmeterand adjustablepower source— andlots of
patiencelt is muchmorecorvenientto displaythe completecurve in anautomateaneasuremenisinganinstrument
calledacurvetracer.

On a curve tracer aresistorappearsas a straightline with slopeinverselyproportionalto resistance.A diode
shavs no currentin thereversedirectionandsubstantiaturrentin theforwarddirection( gure 1 shavsanexample).

Curve tracersare available from various manufcturersas an integratedinstrumentwhich includesthe power
supplies,switchesand XY display (seeResources).They're corvenientto usebut they are expensie andtake up
signi cant benchspace For anoccasionasimplemeasuremerdr whenconstrainedy modestnances,it is possible
to createa curvetracerusingthe XY plotting facility of anoscilloscopeandsomesimpleexternalcircuitry.

2 Example: Small Signal Diodes

Figure 1 shavs how a curve-tracercanbe useful,comparingtwo small signaldiodes. Figure1(a)is atype 1N4148
silicondiode.Figurel1(b)is anunknonvn type germaniunmpoint-contactiode.

(a) Silicon Diode 1N4148 (b) PointContactDiode

Figurel: SmallSignalDiodes.Thehorizontalscaleis simply thesettingof ChannelA: 200mV/dv. Theverticalscale
is thesettingof ChanneB divided by theseriesresistance300 , thatis, 5V=300 = 16:6mA/div.



Notice:

The thresholdvoltageof the silicon diode (the forward voltageat which it beginsto conductsubstantially)is
0:6 volts.

Thethresholdvoltageof thegermaniundiodeis muchlower,  0:2 volts.

Thevoltageacrosghe germaniundiodeapproachethatof the silicon device at highercurrent.

Thisinformationcanbeobtainedwith point-by-pointmeasurementdf thedevice characteristicsBut acurve-tracer
shavs moreinformation,andata glance.

3 How it Works

Figure 2 shaws the circuit for a simple curve-tracer In the diagram,the testdevice is a diode, but it could be ary
two-terminalcomponent.

Theautotransformeprovidesanadjustablesourceof AC voltage ,whichis thenisolatedandsteppediown by the
transformer Becausédhe secondanof the transformeiis isolatedfrom groundthe groundpoint of the oscilloscope
canbeestablishedtthejunctionof theresistoranddiodeundertest.

ThenChannelA readsthe voltageacrossthe device (X axis on the curve tracer)and ChannelB readsa voltage
whichis proportionato thecurrentthroughthedevice (Y axis). The ChanneB voltageis negative,sotheoscilloscope
is adjustedo invertthattrace.

In the spirit of 'using whatis on hand', the demonstratiorcircuit useda 300 , 2 Watt resistor A peakof 20
volts across300 correspond$o 66mA peakcurrentwhich is suitablefor low-currenttestingof diodesand other
components(A choiceof resistancesuchas250 wouldyeild anintegervaluefor thecurrentscale.)

The autotransformeris adjusted up- Scope
ward while watchingthe currentandvolt- .
ageonthedisplay S cha

An alternatve designcould eliminate bUT
the autotransformerand plug the trans- j)
former directly into the AC line. An ad- &1 Common
justable power resistor would then con- W R
trol the peakcurrentin the device under Autoransiormer Transformer 300 ohm
test. However, this arrangemengpplies (Variac) Joy 1n s

full voltageto the device undertestwhen
it's switchedon, and there might be re-
worksif thedeviceratingis exceededThe Figure2: Diode Curve Tracer
autotransformeallows the voltageand currentto be increasedyraduallywhile watchingfor signsof stressin the
device.



4 Light Emitting Diodes

Figure3 shavsthe VI characteristicef threelight emitting diodes,capturedusingthe'save to postscript'facility of
theDSO-101oscilloscope.

(a)Red (b) Yellow (c) Green
Figure3: Light Emitting Diodes: X axis1V/div, Y axis16mA/div

All threeLEDs have a thresholdvoltagein the orderof 1.5 volts. Onceconductingthe yellow andgreenLEDs
shav a signi cant resistance.For example,the incrementalforward resistanceof the yellow LED is given by the
reciprocalof theslope:
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Theincrementaforwardresistancevould be usefulin constructinganequivalentcircuit for the LED in a simula-
tion model.

5 Shottky Diode

Figure4 shavsthe VI characteristiof a small-signalSchot-
tky diode of unknown type. Notice the low thresholdvolt-
age(about0.2volts)andsigni cant forwardresistanceabout
40 .

3 Figure4: Shottky Diode: X axis 1 volt/div, Y axis
16mA/div



6 Zener Diode

Figure 5 shows the VI characteristiof a zenerdiode type
1N4691,6.2V. As expected,the zenerconductsat a thresh-
old of 0.6V in theforwarddirectionand6 voltsin thereverse
direction. Notice the abruptthresholdand vertical descent
at 6 volts. Thetransitionis very sharplyde ned andthein-
crementalresistancds small, both desireablequalitiesin a
zener

7 IncandescentLamp

An incandescenfamp usesa resistve-wire lament, soone
would expectit to appearon the curve tracerasa diagonal
straightline. The temperatureof the lament changedra-
matically as currentincreases.That changeghe resistance,
whichthenchangegshe slopeof theline.

Figure6 illustratesthis effect. It's a compositeof the VI
characteristiof asmallincandescerilamp,type#53. At low
peakcurrent,the line is relatively steep. As the peakcur
rentincreasesthe slopedecreasesThe endpointsof the VI
characteristi@at variousoperatingpointsareindicatedby cir-
cles. The nal tracehasa signi cantly smallerslope(larger
resistance).

8 JFET ConstantCurr ent Diode

Recti er diodesand zenerdiodesare constantvoltage de-
vices. For example,the zenerdiode of gure 5 maintains
a constantreversevoltage of 6 volts or so, independenbf
reversecurrent.

A JunctionFET will functionasa constantcurrentdiode
if thegateis connectedo thesourceterminal. (A diodemust
be insertedin the AC supply so that the JFET experiences
only positive drain voltagewith respectto the source. See
the 1N4148diodein gure 8.)

The VI characteristicof the constant-currentIFET is
shavn in gure 7. Notice thatthe voltageacrossthe JFET
mustexceedabout5 volts for the device to enterits constant
currentregion, wherethe traceis approximatelyhorizontal.
Theconstancurrentvalueis  8:3mA

Theslopeof theconstant-curreregionmaybemodelled
astheinternalresistancef the currentsourcein the Norton

XY Mode Not Triggered

Figure5: 1N4691,6.2V Zener: X axis 2 volt/div, Y
axis16mA/div

Figure6: Incandesceritamp: X axis2 volt/div, Y axis
16mA/div
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XY Mode Triggered

Figure 7: JFET ConstantCurrent Diode: X axis 5
volts/di, Y axis3.3mA/dv



equivalentcircuit. A carefulexaminationof the curve! yeildsanincrementaresistance
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9 JFET, Variable Gate Voltage

The JFET is a depletionmodedevice. It Alternate
conductsmaximumdrain currentfor gate-
sourcevoltage Vys equalto zero, as we

saw for the constant-currentdiode above.
Thedraincurrentis reducedy makingthe 1N4148 QZ Scope
gateterminal negative with respectto the

.. . & chA
source. This is accomplishedn gure 8 oUT
with the additionof a DC variablevoltage [ ) onass
SUpplngs. :D Vgs & Ccommon
In theabsencef avariableDC voltage W I

R

supply a9 volt batterywith potentiometer 200 ohm
couldbeusedto controlthe gatevoltage. g Trzg\sj"xe' 2w e
Asthegatevoltageis mademorenega- ’ A

tive,thedraincurrentdecreasest heeffect
on gure 7isto movethe at portionof the
characteristicloserto the X axisasshavn
in gure 9.

The transconductancgy, of the JFET
(its gain) canbedeterminedy therelative

Figure8: JFET VariableBiasMeasurement

changen draincurrentperunit changen gatevoltage:gm = \',;’
/ s :
(8) Vgs=0V (b) Vgs=-0.49V (€) Vgs=-0.96V (d) Vgs=-2.08V

Figure9: JFET, VariableGateVoltage: X axisVps 5V/div, Y axislp 3mA/div. As the gatevoltageis mademore
negative with respecto the sourceterminal,thedraincurrentdecreases.

Figure8 is the arrangemenfor testingan N-ChannelJFET For a P-Channebevice, the 1N4148diodewould be
reversedandthe basevoltagesupplyVys would bereversed.

1This canbeaidedby printing anenlagedversionof ascreen-capturgnage.



10 Junction Transistor, Variable BaseCurr ent

A bipolar junction transistor (BJT) can
be testedin a similar setupto the JFET
constant-currendliode. The collectorcur-
rentis somemultiple of the basecurrent(a
factorof beta,the currentgain),sothecir-

1N4148 Scope

Rb &— cha
100k

DUT

cuit requiressomemethodto injectcurrent jD common
into thebaseterminal. W

Figure 10 shavs the measurement 500 ohm
schematic.An adjustableDC power sup- g Transformer DA .
ply drives current through resistor Ry, VA
aroundthe base-emittefoop. Thetransis-
tor basecurrentis determinecby the set- Figure10: JunctionTransistoMeasurement
ting of the DC supply

=
-
@lp=22 A (b)l, =45 A ©)1p= 66 A (d)1,=88 A

Figurell: BJT, VariableGateVoltage: X axisVce 5V/div, Y axisl ¢ 3mA/div. As thebasecurrentl g increasesthe
collectorcurrentl ¢ increasegroportionally Notice how theslopeof theVce ;| ¢ characteristigncreasest greater

collectorcurrent.This indicateghattheincrementabutputresistance , is decreasing.

It isinterestingo compargheJFETandBJT curves, gures 9(b)and11(b),for example.Thedrain-sourceroltage
of the JFETmustbein thevicinity of 5 volts beforeit entersts constant-curremegion. The collectoremittervoltage

of the BJT is muchlessto enterits constant-curreregion.

As the basecurrentl g increasesthe collectorcurrentl ¢ increasegproportionally Notice how the slopeof the
Vce; |l ¢ characteristitncreasest greatercollectorcurrent. Thisindicateghattheincrementabutputresistance , is

decreasing.

Figure 12 con rms this with an expandedview of the BJT saturationregion. The
BJTrequires 200mV to enterit's constanturrentregion.

Consequentlthe BJT canbe madeto operatdower supplyvoltageshanthe JFET

Thecurrentgain of the BJT canbe determinedy therelative changedn collector
currentperunit changen basecurrent:

Figure 12: BJT Satura-
tion Region: X axis Vce
200mV/dv, Y axis I¢
6.6mA/div



11 Equipment Setup
Figure13 shavs theequipmensetup.Fromleft to right:

Autotransformefor adjustmenbf line voltage
117VAC to 24V transformerfor isolation

Device undertest(lamp)andcurrentsensingesistor
DSO-101oscilloscopéhardware

Laptopcomputer

Theautotransformein this setupis mud largerthannec-
essary For low currents,a sinewave signalgeneratorcould
beusedinstead.
Figure13: EquipmeniSetup

12 SyscompDSO0-1010scilloscope

The SyscompDSO-1010scilloscopds an excellentchoicefor displayingthe device curves,with the following fea-
tures:

Theinput signalscanbe displayedin XY mode- simultaneouslwith corventionalX-Time modewaveforms.
Thisis usefulin checkingthattheinput waveformsarenot distorted

Thesoftwaresupportdraceinversionon bothchannelsandthis allows atraditionalvoltage-currentlisplaywith
positive currentup the screerandpositive voltageto theright.

Thescreerdisplaycanbe capturedandthenincorporatedn a documentFor example, gure 1 wasobtainedby
screencaptuie, which shavs the control settings Figure3 wasobtainedby the saveto postscriptfacility, which
captureshescreerareaby itself.

Someoscilloscopesave a limited rangeof input voltagefor the horizontalaxisdisplay Theinput channelsf
theDSO-101canbeadjustedverawide rangerangein sevenamplitudesettings.This facilitatesthe displayof
large or smallsignalson eitheraxis.

13 Summary

Characteristicurvesfor semiconductodevicescanbe measuredisingthe simplearrangemenof equipmenshavn
in this paper Differenttypesof measurementequiredifferentcircuits, but the wiring is simpleandstraightforvard
to setup andthe costis negligible comparedo acommerciakurve tracer

This curve tracercircuit wasusedfor small currentandvoltagemeasurementgut it would be simpleto extend
thecircuit to large currentsandvoltages.

2Thecune tracercircuitsreferencedn Resoucesarelimited to small-signalvalues.



14 Resources

SyscomDSO0-101PC-Basedscilloscope

www.syscompdesign.com

TheclassicTektronix575Curve Tracer:

http://pcbunn.cithep.caltech.eduljj b/Tekt ronix /tekt ronix. htm

MeasuemeniConcepts:SemiconductoDevices
JohnMulvey, Tektronix,1969
A detailedexpositionon the measuremertdf semiconductodevice parametersisinga curve tracer

TransistorCurveTracer
Melvin Chan,ElectronicsWorld Magazine Januaryl968,pp55-60,66
A tranistorcurve testerusingdiscretecomponents.

Electonically SteppedCurveTracer
A.J.Sagent,WirelessWorld Magazine Decembefl969,pp576,577
A simpletransistorcurve tracer

Analag-Digital Circuit Turns Scopdnto CurveTracer
RobertD. Guyton,Electronics October25,1971,p80
A transistorcurve testerusingdiscretecomponents.

Versatile TransistorCurve Tracer
lan Hickman,ElectronicWorld, August2000,pp 602-607

PC Printer Port Contmols |-V CurveTracer

Maxim Semiconductgmww.maxim-ic.comApplication Note 253, July 2001
http://server.oersted.dtu.dk/ftp/da tabase /Data _CDs/Comporent_d ata/
Maxim_2001/0003/APPNO085.HTM



