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1 Intr oduction

Therearetimeswhenits extremelyusefulto know thevoltage-currentcharacteristicof somesemiconductordevice.
Perhapsyou'rematchingtwo transistors.Or you needto determinethecharacteristicof someunknown surplustran-
sistor.

It' s possibleto obtaina VI Plot by handwith an ammeter, voltmeterandadjustablepower source– andlots of
patience.It is muchmoreconvenientto displaythecompletecurvein anautomatedmeasurementusinganinstrument
calleda curvetracer.

On a curve tracer, a resistorappearsasa straightline with slopeinverselyproportionalto resistance.A diode
showsnocurrentin thereversedirectionandsubstantialcurrentin theforwarddirection(�gure 1 showsanexample).

Curve tracersare available from variousmanufacturersas an integratedinstrumentwhich includesthe power
supplies,switchesandXY display (seeResources).They're convenientto usebut they areexpensive and take up
signi�cant benchspace.For anoccasionalsimplemeasurementor whenconstrainedby modest�nances,it is possible
to createa curvetracerusingtheXY plotting facility of anoscilloscopeandsomesimpleexternalcircuitry.

2 Example: Small SignalDiodes

Figure1 shows how a curve-tracercanbeuseful,comparingtwo small signaldiodes.Figure1(a) is a type 1N4148
silicondiode.Figure1(b) is anunknown typegermaniumpoint-contactdiode.

(a) SiliconDiode1N4148 (b) PointContactDiode

Figure1: SmallSignalDiodes.Thehorizontalscaleis simply thesettingof ChannelA: 200mV/div. Theverticalscale
is thesettingof ChannelB dividedby theseriesresistance,300
 , thatis, 5V=300
 = 16:6mA/div.
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Notice:

� The thresholdvoltageof thesilicon diode(the forwardvoltageat which it begins to conductsubstantially)is
� 0:6 volts.

� Thethresholdvoltageof thegermaniumdiodeis muchlower, � 0:2 volts.

� Thevoltageacrossthegermaniumdiodeapproachesthatof thesilicondeviceathighercurrent.

Thisinformationcanbeobtainedwith point-by-pointmeasurementof thedevicecharacteristics.But acurve-tracer
showsmoreinformation,andata glance.

3 How it Works

Figure2 shows the circuit for a simplecurve-tracer. In the diagram,the testdevice is a diode,but it could be any
two-terminalcomponent.

Theautotransformerprovidesanadjustablesourceof AC voltage,which is thenisolatedandsteppeddown by the
transformer. Becausethesecondaryof the transformeris isolatedfrom groundthegroundpoint of the oscilloscope
canbeestablishedat thejunctionof theresistoranddiodeundertest.

ThenChannelA readsthevoltageacrossthedevice (X axison thecurve tracer)andChannelB readsa voltage
whichis proportionalto thecurrentthroughthedevice(Y axis).TheChannelB voltageis negative,sotheoscilloscope
is adjustedto invert thattrace.

In the spirit of 'using what is on hand', the demonstrationcircuit useda 300
 , 2 Watt resistor. A peakof 20
volts across300
 correspondsto 66mA peakcurrentwhich is suitablefor low-currenttestingof diodesandother
components.(A choiceof resistancesuchas250
 wouldyeild anintegervaluefor thecurrentscale.)

Autotransformer
(Variac)

Transformer

25V, 1A

DUT

R
300 ohm
2W

Ch A

Common

Ch B

Scope

Figure2: DiodeCurveTracer

The autotransformeris adjustedup-
ward while watchingthecurrentandvolt-
ageon thedisplay.

An alternative designcould eliminate
the autotransformerand plug the trans-
former directly into the AC line. An ad-
justable power resistor would then con-
trol the peakcurrent in the device under
test. However, this arrangementapplies
full voltageto the device undertestwhen
it' s switchedon, and theremight be �re-
worksif thedeviceratingis exceeded.The
autotransformerallows the voltageandcurrentto be increasedgraduallywhile watchingfor signsof stressin the
device.
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4 Light Emitting Diodes

Figure3 shows theVI characteristicsof threelight emittingdiodes,capturedusingthe'save to postscript'facility of
theDSO-101oscilloscope.
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Figure3: Light EmittingDiodes:X axis1V/div, Y axis16mA/div

All threeLEDs have a thresholdvoltagein theorderof 1.5 volts. Onceconducting,theyellow andgreenLEDs
show a signi�cant resistance.For example,the incrementalforward resistanceof the yellow LED is given by the
reciprocalof theslope:

r f �
� V
� I

=
1V

50� 10� 3A
= 20


Theincrementalforwardresistancewouldbeusefulin constructinganequivalentcircuit for theLED in a simula-
tion model.

5 Shottky Diode
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Figure 4: Shottky Diode: X axis 1 volt/div, Y axis
16mA/div

Figure4 shows theVI characteristicof a small-signalSchot-
tky diodeof unknown type. Notice the low thresholdvolt-
age(about0.2volts)andsigni�cant forwardresistance,about
40
 .
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6 Zener Diode
AB

T

XX

XY Mode Not Triggered

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

Figure 5 shows the VI characteristicof a zenerdiode type
1N4691,6.2V. As expected,the zenerconductsat a thresh-
old of 0.6V in theforwarddirectionand6 volts in thereverse
direction. Notice the abruptthresholdandvertical descent
at 6 volts. The transitionis very sharplyde�ned andthe in-
crementalresistanceis small, both desireablequalitiesin a
zener.

7 IncandescentLamp

An incandescentlamp usesa resistive-wire �lament, soone
would expect it to appearon the curve tracerasa diagonal
straightline. The temperatureof the �lament changesdra-
matically ascurrentincreases.That changesthe resistance,
which thenchangestheslopeof theline.

AB

T

XT1 T2

VA1

VA2

VB1

VB2

XY Mode Triggered

Figure6: IncandescentLamp:X axis2 volt/div, Y axis
16mA/div

Figure6 illustratesthis effect. It' s a compositeof theVI
characteristicof asmallincandescentlamp,type#53.At low
peakcurrent,the line is relatively steep. As the peakcur-
rent increases,theslopedecreases.Theendpointsof theVI
characteristicatvariousoperatingpointsareindicatedby cir-
cles. The �nal tracehasa signi�cantly smallerslope(larger
resistance).

8 JFET ConstantCurr ent Diode

Recti�er diodesand zenerdiodesare constantvoltagede-
vices. For example,the zenerdiode of �gure 5 maintains
a constantreversevoltageof 6 volts or so, independentof
reversecurrent.

AB

T

X

XY Mode Triggered

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

A JunctionFETwill functionasa constantcurrentdiode
if thegateis connectedto thesourceterminal.(A diodemust
be insertedin the AC supply so that the JFET experiences
only positive drain voltagewith respectto the source. See
the1N4148diodein �gure 8.)

The VI characteristicof the constant-currentJFET is
shown in �gure 7. Notice that the voltageacrossthe JFET
mustexceedabout5 volts for thedevice to enterits constant
currentregion, wherethe traceis approximatelyhorizontal.
Theconstantcurrentvalueis � 8:3mA

Theslopeof theconstant-currentregionmaybemodelled
asthe internalresistanceof thecurrentsourcein theNorton
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equivalentcircuit. A carefulexaminationof thecurve1 yeildsanincrementalresistance

ro =
� V
� I

=
20V

0:7mA
= 28k


9 JFET, Variable GateVoltage

Autotransformer
(Variac)

Transformer

25V, 1A

R

2W

1N4148

300 ohm

Ch A

Common

Ch B

Scope

DUT

2N3819

Vgs

Alternate

Gate Voltage

Figure8: JFETVariableBiasMeasurement

The JFET is a depletionmodedevice. It
conductsmaximumdraincurrentfor gate-
sourcevoltage Vgs equal to zero, as we
saw for the constant-currentdiodeabove.
Thedraincurrentis reducedby makingthe
gateterminalnegative with respectto the
source. This is accomplishedin �gure 8
with theadditionof a DC variablevoltage
supplyVgs .

In theabsenceof avariableDC voltage
supply, a 9 volt batterywith potentiometer
couldbeusedto controlthegatevoltage.

As thegatevoltageis mademorenega-
tive,thedraincurrentdecreases.Theeffect
on�gure 7 is to movethe�at portionof the
characteristiccloserto theX axisasshown
in �gure 9.

The transconductancegm of the JFET
(its gain) canbedeterminedby therelative
changein draincurrentperunit changein gatevoltage:gm = � I D

� Vg s
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(a) Vgs =0V
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(b) Vgs =-0.49V
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(c) Vgs =-0.96V
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X

XY Mode Not Triggered

(d) Vgs =-2.08V

Figure9: JFET, VariableGateVoltage:X axisVD S 5V/div, Y axis I D 3mA/div. As thegatevoltageis mademore
negativewith respectto thesourceterminal,thedraincurrentdecreases.

Figure8 is thearrangementfor testinganN-ChannelJFET. For a P-Channeldevice, the1N4148diodewould be
reversedandthebasevoltagesupplyVgs wouldbereversed.

1Thiscanbeaidedby printinganenlargedversionof ascreen-captureimage.
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10 Junction Transistor, Variable BaseCurr ent
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Figure10: JunctionTransistorMeasurement

A bipolar junction transistor (BJT) can
be testedin a similar setupto the JFET
constant-currentdiode. The collectorcur-
rentis somemultipleof thebasecurrent(a
factorof beta,thecurrentgain),sothecir-
cuit requiressomemethodto injectcurrent
into thebaseterminal.

Figure 10 shows the measurement
schematic.An adjustableDC power sup-
ply drives current through resistor Rb,
aroundthebase-emitterloop. The transis-
tor basecurrentis determinedby the set-
ting of theDC supply.
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Figure11: BJT, VariableGateVoltage:X axisVC E 5V/div, Y axisI C 3mA/div. As thebasecurrentI B increases,the
collectorcurrentI C increasesproportionally. Noticehow theslopeof theVC E ; I C characteristicincreasesat greater
collectorcurrent.This indicatesthattheincrementaloutputresistancer o is decreasing.

It is interestingto comparetheJFETandBJTcurves,�gures 9(b)and11(b),for example.Thedrain-sourcevoltage
of theJFETmustbein thevicinity of 5 voltsbeforeit entersits constant-currentregion. Thecollector-emittervoltage
of theBJT is muchlessto enterits constant-currentregion.

As thebasecurrentI B increases,the collectorcurrentI C increasesproportionally. Noticehow theslopeof the
VC E ; I C characteristicincreasesatgreatercollectorcurrent.This indicatesthattheincrementaloutputresistancer o is
decreasing.
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T
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VA2

VB1

VB2

XY Mode Triggered

Figure 12: BJT Satura-
tion Region: X axis VC E

200mV/div, Y axis I C

6.6mA/div

Figure12 con�rms this with an expandedview of the BJT saturationregion. The
BJTrequires� 200mV to enterit' s constantcurrentregion.

Consequently, theBJT canbemadeto operatelowersupplyvoltagesthantheJFET.
Thecurrentgain� of theBJT canbedeterminedby therelative changein collector

currentperunit changein basecurrent:

� =
� I C

� I B
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11 Equipment Setup

Figure13shows theequipmentsetup.Fromleft to right:

� Autotransformerfor adjustmentof line voltage

� 117VAC to 24V transformerfor isolation

� Deviceundertest(lamp)andcurrentsensingresistor

� DSO-101oscilloscopehardware

� Laptopcomputer

Figure13: EquipmentSetup

Theautotransformerin thissetupis much largerthannec-
essary. For low currents,a sinewave signalgeneratorcould
beusedinstead.

12 SyscompDSO-101Oscilloscope

TheSyscompDSO-101oscilloscopeis anexcellentchoicefor displayingthedevice curves,with the following fea-
tures:

� Theinput signalscanbedisplayedin XY mode- simultaneouslywith conventionalX-Time modewaveforms.
This is usefulin checkingthattheinputwaveformsarenotdistorted

� Thesoftwaresupportstraceinversiononbothchannels,andthisallowsatraditionalvoltage-currentdisplaywith
positivecurrentup thescreenandpositivevoltageto theright.

� Thescreendisplaycanbecapturedandthenincorporatedin adocument.For example,�gure 1 wasobtainedby
screencapture, whichshowsthecontrolsettings.Figure3 wasobtainedby thesaveto postscriptfacility, which
capturesthescreenareaby itself.

� Someoscilloscopeshave a limited rangeof input voltagefor thehorizontalaxisdisplay. Theinput channelsof
theDSO-101canbeadjustedoverawiderangerangein sevenamplitudesettings.This facilitatesthedisplayof
largeor smallsignalsoneitheraxis.

13 Summary

Characteristiccurvesfor semiconductordevicescanbemeasuredusingthesimplearrangementof equipmentshown
in this paper. Differenttypesof measurementsrequiredifferentcircuits,but thewiring is simpleandstraightforward
to setupandthecostis negligible comparedto acommercialcurve tracer.

This curve tracercircuit wasusedfor small currentandvoltagemeasurements,but it would besimpleto extend
thecircuit to largecurrentsandvoltages2.

2Thecurve tracercircuitsreferencedin Resourcesarelimited to small-signalvalues.
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14 Resources

SyscompDSO-101PC-BasedOscilloscope
www.syscompdesign.com
TheclassicTektronix575CurveTracer:
http://pcbunn.cithep.caltech.edu/jj b/Tekt ronix /tekt ronix. htm

MeasurementConcepts:SemiconductorDevices
JohnMulvey, Tektronix,1969
A detailedexpositionon themeasurementof semiconductordeviceparametersusingacurvetracer.

TransistorCurveTracer
Melvin Chan,ElectronicsWorld Magazine,January1968,pp55-60,66
A tranistorcurve testerusingdiscretecomponents.

ElectronicallySteppedCurveTracer
A.J.Sargent,WirelessWorld Magazine,December1969,pp576,577
A simpletransistorcurve tracer.

Analog-Digital Circuit TurnsScopeInto CurveTracer
RobertD. Guyton,Electronics,October25,1971,p80
A transistorcurve testerusingdiscretecomponents.

VersatileTransistorCurveTracer
IanHickman,ElectronicWorld, August2000,pp602-607

PC Printer Port Controls I-V CurveTracer
Maxim Semiconductor, www.maxim-ic.com,ApplicationNote253,July2001
http://server.oersted.dtu.dk/ftp/da tabase /Data _CDs/ Component_d ata/
Maxim_2001/0003/APPNO085.HTM
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