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Experiment 4
Simple BJT Amplifier

Intr oduction

Theaimof thisexperiments to investigatethesimplebipolarjunctiontransisto(BJT) amplifier
shavn in thefigure.
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The npn transistoris connectedn a commonemitter configuration. The input and output
voltagesignalsarecoupledto andfrom the amplifierwith the useof couplingcapacitors.The
baseresistorskz; and R, biasthetransistorto a Q-point. The collectorresistorR corverts
theoutputcurrentto anoutputvoltagesignal. Theamplifieroutputdrivesaloadwith resistance
Rr. Thesimplebiasingschemeusedin this circuit leavesthe Q-pointsensitve to changesn
thevalueof thetransistors.

The small-signalAC equialentcircuit for this amplifieris shavn in thefigure.
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The value of the small-signalinput resistancas determinedby the DC basecurrent; r, =
nVr/Ipg, Wheren is the emissioncoeficient. The small-signattransconductancs given by

Im = ICQ/nVT-



Preliminary work

Review Sections3.4and4.2in thetextbook.

In thelaboratoryyouwill constructhe amplifiercircuit usingthefollowing values:

Vee  Rpi Rpo Re Ry, C
15V 470k 1.8k 1k 100k 10uF

The transistorthat you will useis BC238B. This transistorhas200 < g < 320. In the
preliminarywork sectionyou areaskedto baseyour calculationson threedifferentvaluesof 3,
namely3, = 250, 3; = 200, and3; = 320. OthertransistoparameterareVogsar)y = 0.2V
andVzpon) = 0.6 V. Assumethat the emissioncoeficientn = 1, eventhoughBC238B
transistorsusuallyexhibit a highervalue.For eachg value(250,200,320):

1. Analyzethe DC circuit to determinethe Q-point. Find I5q, Icq, andVegg.

2. Draw the load line andthe transistoric—vcr characteristicsand indicatethe Q-point.
(Separatgraphfor eachgs value.)

3. Calculatethe peak-to-peaknaximumundistortedvoltageswingat the output.

4. Draw the AC equivalentmodelassuminghatthe capacitorsareshortcircuit at the oper
atingfrequengy. Calculater,, g,,, andthethevoltagegain A, = vou: /vin.

5. Simulatethe amplifier circuit usingPSPICE First do a Bias Pointanalysisto determine
DC voltagesand currents. Next, do a Time Domainanalysisusingan input sine wave
of 2 mV peak-to-pealat a frequeng of 1 kHz, anddeterminethe voltagegain. Repeat
with input amplitudesof 40 mV, 140 mV, and500 mV; notethe change®n the output
waveform. Commenton your results.



Experimental work

In this experimentyou aregoingto usethesilicon npn transistoBC238B. The specsheetdor
this transistorcanbe found at the courseweb page. For this transistoy Vzgon) ~ 0.6 V and
VCE(SAT) ~ (0.2 V.

Before constructingthe circuit, verify the valuesof the resistorsthat you are going to useby
measuringheirresistancewith amultimeter Make surethatall resistorsarewithin 2% of their
markedvalues.Thiswill assurdghatyour currentmeasurement@reaccurate.

Constructhe amplifier circuit usingthe valuesindicatedin the preliminarywork section.

1. Beforeconnectinghesignalgeneratarmeasurd zg, Icq, andVe g, andcomparehese
with your calculations Draw theloadline on agraphandindicatethe Q-point.

2. Using your measurementgom the previous part, determinethe 5 of the transistorthat
you areusing.

3. In this partyou aregoingto measurdhe input resistance-,. atthe operatingpoint. The
resistorR z, andr, form avoltagedividerin the AC circuit. Settheinputvoltagesignal
to asinusoidwith 1 kHz frequeng and40 mV peak-to-pealamplitude.Measurev,. and
determiner,,. Comparethis valuewith your calculationsanddeterminethe valueof the
emissioncoeficientn.

4. Now you have measuredhe particular andn valuesfor the specifictransistorthatyou
areusing.Calculatethevoltagegain of theamplifierusingthesevalues.

5. Settheinputvoltagesignalto a sinusoidwith 1 kHz frequeng and40 mV peak-to-peak
amplitude.ObsenretheinputandoutputvoltagewaveformsontheoscilloscopeMeasure
the voltagegain of the amplifier and comparewith your calculationsfrom the previous
part.

6. Graduallyincreasdheinputsignalamplitudeanddeterminethe onsetof distortionatthe
output. Measurev,. atthis pointandcomparewith V.

7. Furtherincreaseheinput signalamplitudeanddeterminehe onsetof clipping. Measure
the peak-to-peaknaximumundistortedoutputvoltageswing. (Here“undistorted really
means‘unclipped’) Commenton how this valueis relatedto thelocationof the Q-point
ontheloadline.

8. Print the output waveform for threedifferent valuesof peak-to-peaknput amplitude:
40 mV, 140mV, and500 mV. On eachplot, indicateary distortionor clipping thatyou
maysee.



