Physics 120B Physics Department Spring
Lab #2

LABORATORY #2
TRANSISTOR AMPLIFIERS

Equipment
2N5210 NPN transistors

2N5484 N channel depletion mode JFET's
10 yFarad capacitors

47 pFarad capacitors
Resistance decade box and various resistors
(note that electrolytic capacitors must be connected with the correct polarity)

NOTESON TECHNIQUEAND CONVENTIONS
Ve Or Vyq is supposedo be signal (AC) ground. To assurethis, you should always bypasspower

connectionsat the circuit with a capacitorappropriateto the circuit. For audiofrequenciesthis usually meansa

large@10uF) electrolytic.Schematiaddiagrams usually omit this capacitor. In making connectionsto test
equipmenttake accountof input and outputimpedancesRemembethat coaxial cablesare low impedancefor
short times; for long times, they look like capacitors of about 30pf/foot. Short reteasettime in the cable,or
about 1.4 nanoseconds/foot.

THE GENERICBIPOLAR AMPLIFIER CIRCUIT

Figure 1
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The circuitabovecan be easily convertednto all threeof the possibleamplifier configurations. If Rg is
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bypassed, the amplifier becomes CE (common emitter). The input is at tettharad the outputat terminal #2.
If R, is shorted or bypassed, it becomes CC and the input is at terminal #1 with o#tutfaR, is bypassedt

becomes CB with input at #3 and output at #2. We can not actually short theeabomalswithout alteringthe
DC biasing that sets the operating point. However, if the capacitor€,CandC; arelargeenough, they can

be usedas AC shortcircuits. After you selectvaluesfor the resistancess discussedn the next section,then
decide how large each of these capacitors must be in order to fundtisway assuminga signal frequencyof
10 kHz. Because of the large capacitance required, electrolytic capacitors are commonly used at audio fre

Settingthe operatingooint.

Use your benchpowersupplyto provideVcc= 12 V. Usea self biasresistorRg = 300 to 1000 Q.

From your previous measurements of the 2N5ad0shouldknow that a reasonabl@peratingcurrentis 1 to 2
mA. In orderto allow a usefully large voltageswing on the output you would like to haveVcg =0.6 V.

Choose your value of Raccordingly. Since §g = 0.6 V, you can now determiriee desiredVg andfrom this
the desired ratio of R R,. What is a reasonable criterion for the actual values of these resistors?

Measure each resistor that you select for the circuit to make certain that you have close to theatiesil
Then assemble the circuit on your proto-boavtkasureand adjustthe power supply beforeconnectingt to the
circuit. With the circuit operating, use the DVM to check the voltaggs, Ve, Vg . If theyarenot asdesired,

change the appropriate resistors to make them so.

Computeandmeasurehe AC gainandits frequencydependence
For eachof two circuit configurations(refer to Figure 1): 1) C; connectedto ground (CE), 2) C,

connected to ground (CC or emitfetlower), usethe small signalmodelto calculatethe gain expectedrom the
circuit with the values of the resistors you have us&denapply a 10 kHz sinewave, between0.01 and0.1 V
peak to peak, to the input and monitor bioghut and outputon the oscilloscopeo measurehe gain. Determine
the range okignalamplitudes over which the responsaes linear by increasingthe input voltageuntil the output
voltageis distorted. You will find this canbe done very effectively by superimposinghe two signalson the
scope screen with their relative gains adjusted so as to produce exactly the same trace on the scope.
Increaseand decreasehe frequencyof the input signaluntil the gainis decreasedty 1/2. Recordthe
frequencies of these half power points astimatethe phaseshift betweeninput and outputfrom the two traces

on the scopeln which configurationsdo you expecta 18P phaseshift in the mid frequencyrange?Calculate,
from the componentvaluesused,the low frequencyat which the gain dropsto 1/~/2. The high frequencyhalf
power frequency is due to the internal design of the transistor.

Measurgheinput andoutputimpedance

For the same two circuit configurations, measure the input and output resistance at 10 kHz by c@n
resistance in series with the input and then in parallel with the output. The decade resistance box is Vieny
this purpose since it allows youfiod exactlythe resistancet which the input or outputsignalsare reducedoy
onehalf. Describethis processandthe results.Do not usethe definition Z,,=V(open circuit)/I(short circuit).
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You lack a good way to measure AC current, and some circuit configutations (CE ) cannot drive zero imp:

THE GENERICJFETAMPLIFIER

Figure 2

A general purpose circuit for an JFET amplifier, analogous to the bipolar transistor amplifier of figu
shown in figure 2. This circuit takes advantage of the tegky inputimpedanceof the JFET aslong asa large
value resistor (say 1 megohm) is used fgr R

Settingthe operatingpoint

Explain the self biasing scheme of this circuit. Again use a supply voligged®V. Assumd s 1 mA
and chose R so asto allow abouta 6 V swing for the signal. Now usethe decaderesistancédox for R, and
adjust it so that ¥y =6 V.

Measureghegainandits frequency dependenceandtheinput andoutputimpedance

For the common sourcand commondrain (sourcefollower) configurationsmeasurehe voltagegain at
10 kHz and find the high and low frequency half poweints. Measurethe input and outputimpedance. What
value of ¢, does your measured gain correspond te#s value consistenwith othertypical JFET's? Doesthe

gain of the amplifier increase in proportion tg & in the small signal model?
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