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EEE 313 Electronic Circuit Design

Experiment 2
Small-Signal Analysis of Diode Circuits

Theory

Theaimof thisexperiments to investigatethediodesmall-signalAC modelthatwasdeveloped
in class.For aforwardbiaseddiode,the small-signakesistances givenby
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whereV; is the thermalvoltage,n is the ideality factor and I is the quiescen{DC) diode
current.
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Thetheorybehindthis experiments outlinedin Sectionl.4in thetextbook. Thei-v character
isticsof apn junctiondiodeis

ip = [s [GUD/TLVT . 1} ’
wheretheideality factorn is anumberbetweenl and2. By definition, the small-signalresis-
tanceis theinverseof the slopeof thisi-v curve evaluatedat the Q-point. In otherwords,
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sincelpg ~ I,e"Pe/™7 for aforwardbiaseddiode.
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Thediodesmall-signalAC modelis a linearapproximatiornto the exponentialdiodei-v curve
arounda DC operatingpoint in the forward-biasregion. Considera diodein a circuit. The
presencef thediodewith its nonlineari—v relationshigposesaproblemin analyzingthecircuit.
In generalthe diodevoltageandcurrentmay have both DC and AC componentsThe small-
signalAC modelmaybe usedif

(i) thediodeis biasedio aDC Q-pointin theforward-biasregionand

(i) the AC componenbf thediodevoltageis smallrelatve to nVr.

TheDC diodecurrentandvoltage(the Q-point) maybefoundusingeithera numericalmethod
to solvetheexponentiali—v relationshipor asimplepiecaviselinearmodel. Oncethe Q-pointis
found,AC variationsarouncthatQ-pointcanbeconsideredo beapproximatelyinear, provided
they aresmallin amplitude.The AC diodecurrentcanthenbe consideredo belinearly related
to the AC diodevoltage,andhencethe diodecanbe modeledasaresistowith aresistancehat
is equalto theinverseof the slopeof thei—v curve atthe Q-point. The small-signalAC model
beginsto breakdown if the AC voltageacrosshe diodeexceeds: V. In this casedistortions
dueto thediodenonlinearitybecomenoticeablan thecircuit.

Preliminary work

Review Sectionl.4in thetextbook.

In thelaboratoryyouwill investicatethe following circuit.
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You aregoingto usetwo differentvaluesfor R, namely3.9k(2 and56 k(2. TheseR valueswill
biasthe diodeat two differentQ-pointsin the forward-biasregion. The small-signakesistance
rq Will thereforebedifferentfor differentvaluesof R.
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For eachvalue of R, performthe following steps. Assumethat the coupling capacitorsare
shortcircuit atthefrequeng of operation. Also assumehattheinput voltagesignalv; is small
enoughsothatv; < nV;. Theideality factorof 1N4148diodesis 2.

1. Findthequiescentiodecurrent/p usingapieceviselinearmodelwith V, = 0.6 V.

2. Determinethe small-signalresistance-; and drav the small-signalAC model for the
circuit.

3. Find the outputvoltagewv, asa functionof the input voltagev; anddeterminethe small-
signalvoltagegain A, = v, /v;.

4. Approximatelydeterminethe largestinput voltageamplitudefor which the small-signal
approximationcanbe expectedto work. To do this, you may calculatethe largestvalue
thatV,, cantake for v; ~ nV; to besatisfied.

Design problem: Determinethe valueof R thatwill yield a small-signalvoltagegain A, =

0.70 £ 0.03, i.e.,to have 0.67 < A, < 0.73. In addition,the DC diode currentshouldbe
lessthan3 mA. Usestandard5% toleranceyesistorvaluesonly. After finishingyour design,
simulateyour circuit usingPSPICE:The diodeis listedin PSPICElibrary asD1N4148. Use
VSIN asthe AC voltagesource.First calculateall the DC voltagesandcurrentsandcompare
the Q-pointwith your designvalue. ThenuseTime DomainAnalysisto calculatethe small-
signalvoltagegain usingV,, = 20 mV and f = 2 kHz. Increaséd/;; upto 500mV andrepeat.
Commenton your simulationresults.



Experimental work

Constructthe circuit given in the preliminary work sectionusing R = 3.9 k2. (Note that
the capacitorghatyou usehereareelectrolyticcapacitors.Make sureto connectthe positve
terminalof the capacitortowardsthe DC power supply) Setthe signalgeneratofrequeng to
2 kHz (sinusoidaloutput) andthe amplitudeto 100 mV peak-to-peakV,; = 50 mV). With
relatvely smallvoltageslike these,make sureto usenormaltriggeringandadjustthe trigger
level ontheoscilloscopecarefully:

1. Turn off the signalgeneratar Measurethe DC voltagedrop (with a multimeter)across
the 1 k€2 resistorthatis connectedo the DC supply Fromyour measurementetermine
thequiescentliodecurrent/,, andmake surethatthediodeis biasedproperly Measure
the DC voltagedropacrosghediode(Vpg) aswell.

2. TurnonthesignalgeneratarObsene theinputandoutputvoltagewaveformson the os-
cilloscopeontwo separatehannelsMeasurghe small-signaloltagegain A,. Compare
this with the valuecalculatedn your preliminarywork.

3. Increasehesignalgeneratoamplitude(V,) until youbegin to seedistortionattheoutput
(outputnolongersinusoidal) Notetheinput voltagewhenthis occurs.

4. Putthe oscilloscopdnto XY-modeto obsene andrecordthe input-outputgraphof this
circuit. Increaseheinputvoltageto make surethatyou seewherethelinearapproxima-
tion breaksdown. (It helpsto definetheorigin of this graphby reducingtheinputvoltage
to zerofirst, andthenmove theresultingbright dot to the centerof the screen.)

Repeathe above stepsfor R = 56 k(2. Compareyour resultsandobsenationswith the R =
3.9 k) case.

Repeathe above stepsfor the R valuethatyou calculatedin your design. Doesyour circuit
meetthe designrequirementhat A, = 0.70 £ 0.03? If not, try to figure out the problem,and
redesigrand/orreconstrucyour circuit.

Increasethe signal generatoramplitudeto 1 V peak-to-peakV,; = 500 mV). Comparethe
outputwaveformwith your PSPICEsimulationresults.



