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Laboratory 10 
MOSFETs, Extremely High Impedance, and Static Electricity 
Introduction 

The Field Effect Transistor (FET) is a useful device, 
in some ways preferable to the bipolar transistor we have 
already studied. Instead of an emitter, base, and 
collector, the FET has a drain, gate, and source.  Shown 
below is the schematic symbol for one type of FET 
known as a MOSFET (Metal Oxide Semiconductor FET).  
This device is described in Scherz Section 4.3.4. Note 
that we use a simplified version of the symbol used in 
Scherz.   

The particular MOSFET we will use in the lab is an n-channel enhancement mode MOSFET, the BS-170 
(pin-out diagram below).  A nice feature of the BS170 is its high maximum drain current of 500 mA. Another 
nice feature is its extremely high input impedance, in the range of 1014 W.  This makes it possible to destroy 
some MOSFETs by touching the gate with your finger, which can transmit thousands of volts of static voltage 
generated by rubber-souled shoes. As opposed to the bipolar transistor, the MOSFET’s very high-impedance 
input may not render the high-voltage charge harmless by dissipating it away. These relatively few high-voltage 
electrons can destroy the thin layer high-impedance metal oxide insulating the gate from the rest of the 
MOSFET.  Therefore, the BS170 includes protection to dissipate static voltages that might otherwise destroy 
them, and we’ve had good luck with them, but if your BS170 doesn’t seem to work, try another.   

 

Parts List 
n-channel, enhancement mode MOSFET  
    (BS170)  
9” latex balloon 
100 KW pot 
various resistors 
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MOSFET Test Circuit 
Construct the circuit shown to the right, to see that your MOSFET 

is working.  As the gate voltage of this “enhancement mode” device is 
raised by turning the 100 KW pot clockwise, a conductive channel is 
induced between the drain and the source in the MOSFET, and the 
LED should turn on (note that electrons are running “upward” from the 
source to the drain, hence their naming, equivalent to emitter and 
collector in bipolar transistors). Use your voltmeter to look at the gate 
voltage relative to ground. At what voltage do you see the LED turn 
on? (A)  

The “current gain” of the MOSFET is enormous. Virtually no current 
is entering the gate, with the gate impedance of the BS170 listed as 
~1014 W.   In contrast, the “on resistance” (drain to source) of the BS170 
is stated to be 5 W.  Provide a ballpark estimate of the current gain 
(current entering the drain / current entering the gate) of this circuit, assuming similar voltages at both, by 
simply taking the inverse ratio of these resistances. (B) 
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Static Electricity Detector 
Construct a static electricity antenna, by stripping 1/4 inch at 

one end of 1 foot of insulated 22-gauge single-strand wire.  Do not 
strip the other end. Build the circuit to the right, inserting the 
stripped end of the antenna wire into the breadboard to connect it 
to the gate of the MOSFET. The other end of the antenna should 
not make electrical contact with anything. Be sure that your 
multimeter is no longer attached to the gate, as its input resistance 
is much lower than the gate resistance of the MOSFET, and would 
in effect short it to ground.  With no other voltage sources attached, 
the gate of the MOSFET should float to a voltage between 0 V and 
+5 V, lighting the LED.   

Inflate a 9” latex balloon and rub it on a wool shirt, sweater, 
scarf (or even your hair). This will cause electrons from to be 
rubbed off the wool and end up on the balloon.  Bring the balloon 
near to the antenna wire, but do not touch it to any exposed portion of the antenna.  Report and explain your 
results.  Note that, whereas we have always assumed that the voltage is the same on a piece of wire, the 
antenna wire is not in a circuit. Hence, the voltage at one end can be different than the other, simply by having 
the charge redistribute.  How far from the antenna can the MOSFET and LED detect the presence of negative 
electric field generated by the balloon (C)? The success of this system may depend upon weather conditions, 
with a dry day providing the best ability to build up static charge.  Only an extremely high impedance device 
such as a MOSFET can detect such small shifts in electrons without having them “bleed” off.   

Assuming that a shift of 1 V at the gate voltage is enough to turn the LED on or off, and assuming virtually 
infinite resistance between the gate and other parts of the MOSFET, and given that the stated input capacitance 
at the gate of the BS170 MOSFET is 60 pF, approximately how many electrons would need to enter the gate 
capacitance to raise its voltage by 1 V (D)?  Recall that charge on a capacitor 𝑄 = 𝐶𝑉, where 𝑄 is in coulombs, 
and that each coulomb contains 6.241x1018 electrons.  Your answer should be less than a billion electrons, 
which is very few, as electrons go! 


