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Experiment 2
Small-Signal Analysis of Diode Circuits

Theory

Theaimof thisexperimentis to investigatethediodesmall-signalAC modelthatwasdeveloped

in class.For a forwardbiaseddiode,thesmall-signalresistanceis givenby
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where �	� is the thermalvoltage,� is the ideality factor, and
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is thequiescent(DC) diode

current.

Thetheorybehindthisexperimentis outlinedin Section1.4 in thetextbook.The � -� character-

isticsof a � � junctiondiodeis
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wherethe ideality factor � is a numberbetween1 and2. By definition,thesmall-signalresis-

tanceis theinverseof theslopeof this � -� curveevaluatedat theQ-point. In otherwords,"
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since
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Thediodesmall-signalAC modelis a linearapproximationto theexponentialdiode � -� curve

arounda DC operatingpoint in the forward-biasregion. Considera diode in a circuit. The

presenceof thediodewith itsnonlinear� –� relationshipposesaproblemin analyzingthecircuit.

In general,thediodevoltageandcurrentmayhave bothDC andAC components.Thesmall-

signalAC modelmaybeusedif

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

(ii) theAC componentof thediodevoltageis smallrelative to �.�0� .

TheDC diodecurrentandvoltage(theQ-point)maybefoundusingeitheranumericalmethod

to solvetheexponential� –� relationshipor asimplepiecewiselinearmodel.OncetheQ-pointis

found,ACvariationsaroundthatQ-pointcanbeconsideredtobeapproximatelylinear, provided

they aresmallin amplitude.TheAC diodecurrentcanthenbeconsideredto belinearly related

to theAC diodevoltage,andhencethediodecanbemodeledasaresistorwith a resistancethat

is equalto theinverseof theslopeof the � –� curve at theQ-point. Thesmall-signalAC model

begins to breakdown if theAC voltageacrossthediodeexceeds�.�0� . In this casedistortions

dueto thediodenonlinearitybecomenoticeablein thecircuit.

Preliminary work

Review Section1.4 in thetextbook.

In thelaboratory, youwill investigatethefollowing circuit.
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Youaregoingto usetwo differentvaluesfor 1 , namely3.9k 2 and56k 2 . These1 valueswill

biasthediodeat two differentQ-pointsin theforward-biasregion. Thesmall-signalresistance��� will thereforebedifferentfor differentvaluesof 1 .
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For eachvalue of 1 , perform the following steps. Assumethat the coupling capacitorsare

shortcircuit at thefrequency of operation.Also assumethattheinput voltagesignal�(3 is small

enoughsothat � �546���	� . Theideality factorof 1N4148diodesis 2.

1. Find thequiescentdiodecurrent

���


usingapiecewiselinearmodelwith �	7!�98(:<; V.

2. Determinethe small-signalresistance��� and draw the small-signalAC model for the

circuit.

3. Find theoutputvoltage�>= asa functionof the input voltage�(3 anddeterminethesmall-

signalvoltagegain ? � � �(=�@+�(3 .
4. Approximatelydeterminethe largestinput voltageamplitudefor which thesmall-signal

approximationcanbeexpectedto work. To do this, you maycalculatethe largestvalue

that �	A cantake for � � / ���	� to besatisfied.

Design problem: Determinethevalueof 1 thatwill yield a small-signalvoltagegain ? � �8�:CB>8EDF8�:C8(G , i.e., to have 8�:C;(BIH ? � HJ8�:CB(G . In addition, the DC diodecurrentshouldbe

lessthan3 mA. Usestandard(5% tolerance)resistorvaluesonly. After finishingyour design,

simulateyour circuit usingPSPICE:The diodeis listed in PSPICElibrary asD1N4148. Use

VSIN astheAC voltagesource.First calculateall theDC voltagesandcurrents,andcompare

the Q-point with your designvalue. ThenuseTime DomainAnalysisto calculatethe small-

signalvoltagegain using �	AK�9L(8 mV and M �NL kHz. Increase�	A up to 500mV andrepeat.

Commentonyoursimulationresults.

3



Experimental work

Constructthe circuit given in the preliminary work sectionusing 1 � G(:<O k 2 . (Note that

thecapacitorsthat you usehereareelectrolyticcapacitors.Make sureto connectthepositive

terminalof thecapacitortowardstheDC power supply.) Setthesignalgeneratorfrequency to

2 kHz (sinusoidaloutput)andthe amplitudeto 100 mV peak-to-peak( �	A �QP(8 mV). With

relatively small voltageslike these,make sureto usenormaltriggeringandadjustthe trigger

level on theoscilloscopecarefully.

1. Turn off the signalgenerator. Measurethe DC voltagedrop (with a multimeter)across

the1 k 2 resistorthatis connectedto theDC supply. Fromyourmeasurement,determine

thequiescentdiodecurrent
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andmakesurethatthediodeis biasedproperly. Measure

theDC voltagedropacrossthediode( � ��
 ) aswell.

2. Turn on thesignalgenerator. Observe theinput andoutputvoltagewaveformson theos-

cilloscopeontwo separatechannels.Measurethesmall-signalvoltagegain ? � . Compare

thiswith thevaluecalculatedin yourpreliminarywork.

3. Increasethesignalgeneratoramplitude( �	A ) until youbegin to seedistortionattheoutput

(outputno longersinusoidal).Notetheinput voltagewhenthisoccurs.

4. Put theoscilloscopeinto XY-modeto observe andrecordthe input-outputgraphof this

circuit. Increasetheinput voltageto make surethatyou seewherethelinearapproxima-

tion breaksdown. (It helpsto definetheorigin of thisgraphby reducingtheinputvoltage

to zerofirst, andthenmove theresultingbrightdot to thecenterof thescreen.)

Repeattheabove stepsfor 1 �RP(; k 2 . Compareyour resultsandobservationswith the 1 �
G�:CO k 2 case.

Repeatthe above stepsfor the 1 valuethat you calculatedin your design. Doesyour circuit

meetthedesignrequirementthat ? � �S8(:<B>8TDU8(:<8>G ? If not, try to figureout theproblem,and

redesignand/orreconstructyourcircuit.

Increasethe signalgeneratoramplitudeto 1 V peak-to-peak( �0A �VP(8>8 mV). Comparethe

outputwaveformwith yourPSPICEsimulationresults.
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