
BilkentUniversity
Departmentof ElectricalandElectronicsEngineering

EEE 313Electronic Cir cuit Design

Experiment 4
SimpleBJT Amplifier

Intr oduction

Theaimof thisexperimentis to investigatethesimplebipolarjunctiontransistor(BJT)amplifier

shown in thefigure.
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The ����� transistoris connectedin a commonemitter configuration. The input and output

voltagesignalsarecoupledto andfrom theamplifierwith theuseof couplingcapacitors.The

baseresistors����� and ���
	 biasthetransistorto a Q-point. Thecollectorresistor��� converts

theoutputcurrentto anoutputvoltagesignal.Theamplifieroutputdrivesa loadwith resistance

��� . Thesimplebiasingschemeusedin this circuit leavestheQ-point sensitive to changesin

thevalueof thetransistor .

Thesmall-signalAC equivalentcircuit for this amplifieris shown in thefigure.
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The value of the small-signalinput resistanceis determinedby the DC basecurrent; �����
��������� ��� , where� is theemissioncoefficient. Thesmall-signaltransconductanceis givenby
��� � � ��� � ����� .



Preliminary work

Review Sections3.4and4.2 in thetextbook.

In thelaboratory, youwill constructtheamplifiercircuit usingthefollowing values:

� ��� �!��� ����	 ��� ��� "
15V 470k # 1.8k # 1 k # 100k # 10 $ F

The transistorthat you will use is BC238B. This transistorhas %�&�&('  ' )�%�& . In the

preliminarywork section,youareaskedto baseyourcalculationsonthreedifferentvaluesof  ,

namely*�+� %�,�& , 
	-� %�&�& , and �./� )�%�& . Othertransistorparametersare � ��0�13254 ��6 � &879% V

and � ��0�13:�; 6 � &�7=< V. Assumethat the emissioncoefficient � � > , even thoughBC238B

transistorsusuallyexhibit ahighervalue.For each value(250,200,320):

1. AnalyzetheDC circuit to determinetheQ-point.Find � ��� , � ��� , and � ��0�� .

2. Draw the load line and the transistor? � –@ ��0 characteristics,and indicatethe Q-point.

(Separategraphfor each value.)

3. Calculatethepeak-to-peakmaximumundistortedvoltageswingat theoutput.

4. Draw theAC equivalentmodelassumingthatthecapacitorsareshortcircuit at theoper-

atingfrequency. Calculate� � , ��� , andthethevoltagegain A+B � @�CEDGF � @�HJI .

5. Simulatetheamplifiercircuit usingPSPICE.First do a BiasPointanalysisto determine

DC voltagesandcurrents.Next, do a Time Domainanalysisusingan input sinewave

of 2 mV peak-to-peakat a frequency of 1 kHz, anddeterminethevoltagegain. Repeat

with input amplitudesof 40 mV, 140 mV, and500 mV; notethe changeson the output

waveform.Commentonyour results.
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Experimental work

In this experimentyou aregoingto usethesilicon ����� transistorBC238B.Thespecsheetsfor

this transistorcanbe foundat thecoursewebpage.For this transistor, � ��0�1K:
; 6ML &879< V and
� ��0�13254 ��6�L &879% V.

Beforeconstructingthe circuit, verify the valuesof the resistorsthat you aregoing to useby

measuringtheirresistanceswith amultimeter. Makesurethatall resistorsarewithin 2%of their

markedvalues.This will assurethatyourcurrentmeasurementsareaccurate.

Constructtheamplifiercircuit usingthevaluesindicatedin thepreliminarywork section.

1. Beforeconnectingthesignalgenerator, measure� ��� , � ��� , and � ��0
� , andcomparethese

with yourcalculations.Draw theloadline onagraphandindicatetheQ-point.

2. Using your measurementsfrom the previous part,determinethe  of the transistorthat

youareusing.

3. In this partyou aregoing to measurethe input resistance� � at theoperatingpoint. The

resistor���
	 and � � form a voltagedivider in theAC circuit. Settheinput voltagesignal

to asinusoidwith 1 kHz frequency and40mV peak-to-peakamplitude.Measure@�NPO and

determine� � . Comparethis valuewith your calculationsanddeterminethevalueof the

emissioncoefficient � .

4. Now you have measuredtheparticular and � valuesfor thespecifictransistorthatyou

areusing.Calculatethevoltagegainof theamplifierusingthesevalues.

5. Settheinput voltagesignalto a sinusoidwith 1 kHz frequency and40 mV peak-to-peak

amplitude.Observetheinputandoutputvoltagewaveformsontheoscilloscope.Measure

the voltagegain of the amplifier andcomparewith your calculationsfrom the previous

part.

6. Graduallyincreasetheinputsignalamplitudeanddeterminetheonsetof distortionat the

output.Measure@ NPO at thispointandcomparewith ��� .

7. Furtherincreasetheinputsignalamplitudeanddeterminetheonsetof clipping. Measure

thepeak-to-peakmaximumundistortedoutputvoltageswing. (Here“undistorted”really

means“unclipped.”) Commenton how this valueis relatedto thelocationof theQ-point

on theloadline.

8. Print the output waveform for threedifferent valuesof peak-to-peakinput amplitude:

40 mV, 140mV, and500mV. On eachplot, indicateany distortionor clipping thatyou

maysee.
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