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INTRODUCTION

A fidd-effect tranastor (FET) is a three termina device which can be modeled as a voltage controlled current
source. From an operating viewpoint, the mgor difference between the FET and a bipolar junction transistor (BJT) lies
in the fact thet its input impedance is o high that under norma conditions, input currents will be negligible. This has the
sde benefit of amplifying bias network design.

We will be usng an N-channd, depletion type, junction field effect trangstor (JFET) in this experiment. Its three
terminals are known as the Gate, Source and Drain. The Gate (G) lead is the control € ement, while the Source (S) and
Drain (D) leads are attached to opposite ends of a"channel” of (in this case) N-type slicon materid. The Source leed is
usually connected to the end of the channd which is physicadly nearest the Gate Structure, but snce most Americant
made JFETs feature symmetrical gate congtruction, the Source and Drain leads may often be interchanged in a circuit
with no important observable differences.
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Figure 1

The Gate, Source and Drain leads may be thought of as corresponding roughly to the Base, Emitter and Collector leads
of abipolar trangstor. Of course, a JFET may be connected into a circuit in any of the three configurations discussed in
the textbook, but we will use the common source arrangement as shown in Figure 1. To reduce the number of wires
shown in the circuit, a symboal is often used to represent a common point of connection (usudly the circuit ground or
common). In very complicated circuits, this can help to reduce the confusion of trying to trace down many lines on the
schematic. Figure 2 isthe same circuit as shown in Figure 1, but uses this symbol for the circuit ground.



Also, note that this schematic doesn't show Vpp, but Smply points to the pogtive termind of Vpp. It is understood that
Vpp's common (black termina on the power supply) is connected to the circuit ground. The input Sgnd is connected
between V, and circuit ground the output voltage (Vo) is measured with respect to circuit ground also.

Because of the high input impedance, we normdly do not plot the common source "input characterigtics' since
al we would expect to sseisadraight line a I = 0. However, we are interested in the "output characteristics' of which
atypicd stisshowninFgure3.

Sl 2 I Constant Current Region

- Vs = 0.0V

Vos=-05V

-Vgg=-1.0V

'Figiire 3

We may aso pick a vaue for Vps in the "congtant current” region where |, is nearly independent of Vps and plot the
"transfer characterigtics' which gppear in Figure 4.
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In order to bias a FET circuit, we can Smply pick our operating point (Inq and Vpss) and read off the desired value of
Vs from the curve tracer (experimentaly). It is aso possible to caculate the value of Vs 0nce we have measured two
important parameters. A few preiminary definitions are in order:

! bss ™ ID Vas =0,Vps =- Vp

This is the saturated drain to source current. It is the drain current when Vgs = 0 and Vps = -Vp (thisis a the
constant current line).
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Thisis cdled the trangstor's transconductance, and is caculated as current over voltage which is one over resistance or
conductance. Vgs is the input while I is proportiond to the output. Therefore, it is the transfer (output to input)
conductance (transconductance). Using a small AC gate to source voltage (<< |Vp|), On is defined as the resulting smdll
sgna AC drain current over the smal sgna AC gate to source voltage. It is measured at the operating point (Q point)
and corresponds to the dope of the curve in Figure 4 at the Q point.
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Thisis the maximum transconductance of the trangstor and corresponds to the dope of the curve in Figure 4 where the
curve crosses the Vs = 0 axis (y-axis).
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Thisis the "dynamic drain resstance’ and is measured a the Q point. Because this vaue is usudly quite large (>10kW),
the lines in Figure 3 are drawn as being horizontd (in the congtant current region). In redlity, these lines have a finite
dopewhichis 1/ rg.

Some useful relationships include:
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As can be seen from the above equations, once |pss and gm have been measured, Ve, can be calculated. You

will note that Vs has a negative polarity for an N-channd JFET, while Vpsis pogtive. In order to avoid the necessity of
using two power supplies, a source resstor (Rs) is used. If the gate bias network is properly chosen, this creates a
positive voltage drop across Rs which places the source at a higher potentia than the gate. Thereby, creating a negetive
vauefor Vs

Notice aso that since the gate current is negligible, the source current and drain current are identicd. In addition,

thevauesof R and R, can be chosen independently of the gate current.

Inthis 9(p3|mmt, you areto d@gn for VDgg = 1OV, Vop = 18V, IDQ = |5Q = IDSQ =2.5mA.

PROCEDURE

1

Ask the TA to mesasure Ipss, Gm Gmo @nd rq ON the curve tracer. Also, estimate Vgse. Record these values for
your write-up.

Ask the TA to measure Vg, for the operating point on the curve tracer. Caculate Vgg, from the equations
given earlier and compare the two values.

Cdculate Vs (pinch-off) and compare to your measurement.

Write a loop equation (DC) for the output circuit, and find the value of Vs (Source to Ground voltage) and
cdculate Rs.

From your calculated vaue of Vs and the calculated value for Ve, find the voltage you need across R..

Remembering that 1 = 0, choose R, and R, in the right ratio to give the desred voltage across R, (Gate to
Ground voltage). Make the sum of R, and R, greater than 100kW.

Obtain dl of the circuit components for Figure 1 and assemble the circuit. Tabulate measured vaues of Vg (the
Gate to Ground voltage or the voltage across Ry), Vs (the Source to Ground voltage or the voltage across Rs)
and Vp, (the Drain to Ground voltage). Include in this table the caculated vaues for each measurement and the
%Error (assuming calculated values correct - of course).



In order to see how this circuit should behave as an amplifier of AC sgnds, we need to consider the small-
sgna mode for the trangstor as shown in Figure 5. For AC signds, the input impedance of the FET looks like an open
circuit (Ry = ¥) and the output provides an amplified verson of the input sgnd (represented here by a current source
on the output which is controlled by the input voltage). The output of the FET does have some output resistance (rq)
whichislarge

Now, replacing the trandstor in Figure 1 with this modd and replacing al capacitors with short circuits
(capacitors act like short drcuits at high frequencies) and replacing the DC power supply (Vpp) with a short circuit
(superposition principle), Figure 1 is transformed into Figure 6 which is an appropriate circuit for the AC andysis.
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Elementary network andysiswill show thet the following relations hold:

Input resistance = Ry||R; = RIR/(R + Ry)

Output resistance = rg||Ro = rqgRo/(rq + Ro)

A= VourlVin = gn(rdl[Ro) = g dRo/(ra + Ro)

8. Cdculate the input resistance, output resistance and voltage gain for your circuit.

0. Apply a 2kHz dgnd to your amplifier and measure the above parameters. Compare theoretical and
experimenta results (tabulate as usud). To measure the input resstance, measure the magnitude of the input
sgnd before and after applying it to the circuit. Recadling that the function generator has an output resistance of
50W, you have a smple voltage divider between 50W and your amplifier's input resstance. If your input
resstance is large, you may have to add a large resistor (1kW to 10kW) in series with the source resstance in
order to see any drop in voltage when the source is gpplied to the circuit. Smilarly, measure the output of your
amplifier with and without a load resistance to caculate the output resstance. These added resi stances used to
measure the input and output resistance of your amplifier should be measured to obtain accurate results.



