
Physics 364, Fall 2014, Lab #17 Name:
(Field Effect Transistors, part I)

Wednesday, October 29 (section 401); Thursday, October 30 (section 402)

Course materials and schedule are at positron.hep.upenn.edu/p364

Today’s is the first of two labs devoted to Field Effect Transistors. You will see that FETs
can be used in many of the same circuits that we are used to building with BJTs.
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Part 1 Start Time:
nMOS source follower (time estimate: 30 minutes)
1.1 Build the nMOS source follower shown below, using VDD = +15 V. A source follower is
the FET equivalent of an emitter follower. (Remember that emitter, base, and collector are
analogous to source, gate, and drain. Also remember that an n-channel MOSFET (a.k.a.
nMOS) is the MOSFET analogue of an npn bipolar transistor.) If you like, you can also
study and modify this circuit online at www.circuitlab.com/circuit/2ede5v .

1.2 Check that the follower’s output actually follows its input.
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1.3 Convince yourself that the FET’s input resistance is very large. For example, you might
do this by putting a very large (e.g. 1 MΩ) resistor in series with the gate (between the
biasing network and the gate) and noticing that there is no detectable voltage drop across
it, even when a significant drain current is flowing. Or you might put a micro-ammeter in
series with the gate.

1.4 By comparing Vgate with Vsource, see if you can figure out what Vthreshold is for this FET:
that’s the value of VGS at which ID becomes non-negligible. Check if your value agrees with
the data-sheet, found in the back of this handout.

In the next part of the lab, we’ll measure some of the characteristics of this MOSFET. You’re
seeing it work first as a follower so that you can be sure that you’re measuring a working
FET and that you know which pins are which.
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Part 2 Start Time:
n-channel MOSFET characteristics (time estimate: 45 minutes)
2.1 Build the circuit shown below, which will allow you to measure the turn-on curve of IDS

vs. VGS by analogy with the measurements that you made in Lab 12 of an npn transistor.
Use VDD = +10 V (though you can try other values, if you like, to vary VDS), and drive Vin

with a DC output from your function generator.

Measure Vgate, Vsource, and Vdrain as you vary Vin, and then estimate and graph ID vs. VGS.
(Use extra space on next two pages.)

Does the curve look quadratic?

What is Vthreshold?

What is the constant K for this MOSFET (in units of A/V2)?

Do you see any evidence of gate current?

Remember that ID = K · (VGS −Vt)
2 in active mode. This quadratic rise is in sharp contrast

with the exponential rise of IC vs. VBE for a bipolar transistor. Also, the data sheet lists
a wide range for Vthreshold: anywhere from 2 V to 4 V. This large part-by-part variation is
typical of FETs. Online circuit: www.circuitlab.com/circuit/v5qcgc/ .
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Part 3 Start Time:
CMOS push-pull follower (time estimate: 45 minutes)
3.1 Build the CMOS (complementary MOS) push-pull follower shown below, using one
nMOS and one pMOS FET. The pins go Gate, Drain, Source from left to right for both
the nMOS (RFP50N06) and the pMOS (FQP47P06) FETs. Use VDD = +15 V and VSS =
−15 V. Drive Vin with a sine wave about 8 V in amplitude. Because of the large Vthreshold,
the crossover distortion will be quite noticeable. Looking for a voltage drop across the 1 MΩ
resistor, do you see any sign of nonzero gate current? (If the frequency of your input signal
is too large, it is possible that you may see evidence of the FET’s capacitance.) You can
also find this circuit online at www.circuitlab.com/circuit/kwy7z3/ .

If you wish, you can use a speaker to hear the distortion. If you try this, put a 100 Ω resistor
in series with the speaker, at least initially, to limit the power to the speaker. If you like,
you can also try the usual opamp-feedback trick to undo the distortion.
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(Blank page.)
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Part 4 Start Time:
Tom’s “power MOSFET” exercises (time estimate: 45 minutes)
Go through as much as you are able, by the end of class, of the “Power MOSFET” exercises
from the attached lab by Tom Hayes. There are three sections:

• 12L.1.1 (input impedance),

• 12L.1.2 (switching at higher frequencies), and

• 12L.1.3 (power dissipation: BJT vs. MOSFET). (Use the 8.3 Ω ceramic power resistors,
which are rated for 9 W.)

You don’t need to write anything down as you work through this last part, but do make
a note of which parts you got through, and please do call one of us over to share any
interesting results you find.

We think you’ll especially enjoy, in 12L.1.1, using a MOSFET to turn on/off a light bulb
with a miniscule current that flows through your own body!

Use the RFP50N06 n-channel MOSFET that you used in Parts 1–3, as we do not stock the
specific MOSFET that Tom’s write-up uses.

phys364/lab17.tex page 9 of 11 2014-10-29 11:34



phys364/lab17.tex page 10 of 11 2014-10-29 11:34



phys364/lab17.tex page 11 of 11 2014-10-29 11:34


